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Effective Date:  March 15, 2001 
 
Preface 
 
P.1  Purpose 
 
P.1.1  In support and promotion of NASA’s Strategic Plan, NASA’s Strategy for Environmental 
Excellence in the Twenty-First Century, and NASA Policy Directive (NPD) 8500.1, “NASA 
Environmental Management,” and consistent with the requirements of the National Energy 
Conservation Policy Act (NECPA), as amended by the Energy Policy Act of 1992 (EPACT), and 
Executive Order (EO) 13123, “Greening the Government Through Efficient Energy 
Management,” this directive provides guidance and standard procedures for evaluating and 
implementing cost-effective energy efficiency, renewable energy, and water conservation 
measures in NASA facilities and operations.  
 
P.1.2  This NASA Procedures and Guidelines (NPG) has been prepared to assist NASA 
Headquarters, Centers, and Component Facilities, Strategic Enterprises, and Institutional 
Program Offices in implementing the requirements of Federal law, Executive Orders, and NASA 
policy related to energy and water conservation and efficiency management.  This NPG serves as 
a practical reference and source of guidance for use by NASA managers and other responsible 
staff in ensuring that NASA facilities and related operations comply with the letter and spirit of 
NECPA and EO 13123. 
 
P.2  Applicability 
 
P.2.1  This NPG applies to NASA Headquarters and NASA Centers, including Component 
Facilities, and to the Jet Propulsion Laboratory, to the extent specified in its contract. 
 
P.3  Authority  
 
a.  42 U.S.C. 2473(c)(1), Section 203(c)(1) of the National Aeronautics and Space Act of 1958, 
as amended. 
 
b.  42 U.S.C. 8251, et seq., the National Energy Conservation Policy Act (NECPA), as amended 
by the Energy Policy Act of 1992 (EPACT) (Public Law 102-486, 106 Stat. 2776). 
 
c.  Executive Order 13148, dated April 21, 2000, “Greening the Government Through 
Leadership in Environmental Management,” 3 CFR (2000 Compilation). 
 
d.  Executive Order 13123, dated June 3, 1999, “Greening the Government Through Efficient 
Energy Management,” 3 CFR (1999 Compilation). 
 
P.4  References 
 
a. 10 CFR Part 435, “Energy Conservation Voluntary Performance Standards For New 

Buildings; Mandatory For Federal Buildings.” 
 
b. 10 CFR Part 436, “Federal Energy Management and Planning Programs.” 
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c. 41 CFR Part 101, “Federal Property Management Regulations,” Section 101-20.107, 

“Energy Conservation.” 
 
d. NPD 1000.1B, “NASA Strategic Plan.” 
 
e. NPG 1000.2, “NASA Strategic Management Handbook.” 
 
f. NPG 1000.3, “The NASA Organization.” 
 
g. NPD 7330.1F, “Approval Authorities for Facility Projects.” 
 
h. NPD 8500.1, “NASA Environmental Management.” 
 
i. NPD 8820.1, “Design and Construction of Facilities.” 
 
j. NPG 8820.2C, “Facility Project Implementation Handbook.” 
 
k. NPG 8820.3, “Pollution Prevention.” 
 
l. NPD 8831.1B, “Management of Facilities Maintenance.” 
 
m. NPG 8831.2C, “Facilities Maintenance Management.” 
 
n. NASA Environmental Excellence for the Twenty-First Century, dated May 1994 (NASA 

Administrator’s Statement). 
 
o. Office of Management Systems Functional Leadership Plan: Implementing NASA's 

Strategies for the 21st Century, dated May 1998. 
 
P.5  Cancellation 
 
NPG 8800.17, Energy Metrics for NASA Facilities, dated October 17, 1996 
 
 /S/ 
 
 
Jeffrey E. Sutton 
Associate Administrator for 
   Management Systems 
 
DISTRIBUTION: 
NODIS 
 
 
 
CHAPTER 1.  Introduction 
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1.1  Energy Efficiency and Water Conservation  
 
1.1.1  Conservation is one of the four principal areas of NASA’s Environmental Strategy.  
Conservation is the essence of good stewardship for all the resources NASA controls and 
reduces the impact of Agency activities on the environment.  NASA will strive to improve its 
energy efficiency and water conservation practices in order to save taxpayer dollars, reduce 
emissions that contribute to air pollution and global climate change, and conserve precious 
natural resources for future generations. 
 
1.1.2  In carrying out their assigned energy efficiency and water conservation responsibilities, 
the following objectives are of special concern to energy managers and facilities maintenance 
personnel: 
 
a.  Minimize energy and water consumption without affecting safety or mission operations. 
 
b.  Make personnel aware of the importance of limiting energy and water use to the minimum 
requirements. 
 
1.1.3  To sustain NASA’s state-of-the-art research mission, energy efficiency and water 
conservation measures must be implemented to -- 
 
a.  Modernize aging facilities and infrastructure using innovative resources, 
 
b.  Maximize funds allocated to NASA Programs and Projects through reduced expenditures for 
energy and utilities services, and  
 
c.  Demonstrate environmental stewardship. 
 
1.1.4  In light of extremely limited appropriations for facility and infrastructure investment, 
NASA is committed to implementing cost-effective energy efficiency and water conservation 
measures by utilizing innovative funding sources and initiatives, such as the following: 
 
a,  Partnering with other agencies, 
 
b.  Utilizing Energy Savings Performance Contracts (ESPC) and Utility Energy-Efficiency 
Service Contracts (UESC), 
 
c.  Increasing employee awareness, 
 
d.  Reducing the cost of purchased utilities, and 
  
e.  Utilizing alternate fuels and renewable energy technologies. 
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1.2  Agency Goals 
 
1.2.1  It is NASA’s policy to fully comply with the requirements of the NECPA, as amended by 
the EPACT, EO 13123, “Greening the Government Through Efficient Energy Management,” 
and other statutory and Presidential requirements regarding energy efficiency and water 
conservation.  A summary of pertinent legislation and Executive Orders is included as Appendix 
C.  NASA will strive to reduce energy and water consumption and cost whenever possible in all 
facility operations.  The following goals will be pursued at NASA Headquarters, NASA Centers, 
Component Facilities, and offsite program facilities:  
 
a.  Reduce greenhouse gas emissions attributed to facility energy use by 30 percent by FY 2010, 
compared to such emission levels in FY 1990. 
 
b.  Reduce overall energy use per gross square foot in nonmission variable buildings/facilities 20 
percent by FY 2000, 30 percent by FY 2005, and 35 percent by FY 2010, relative to FY 1985 
levels. 
 
c.  Improve the energy efficiency of energy-intensive buildings/facilities 20 percent by FY 2005 
and 25 percent by FY 2010, relative to FY 1990 levels.  
 
d.  Improve the energy efficiency of mission variable buildings/facilities 10 percent by FY 2005, 
relative to FY 1985 levels, and otherwise reduce energy and water waste where cost-effective 
and without adversely affecting mission performance.  This goal does not apply to wind tunnel 
facilities due to the technical and economic unfeasibility of achieving significant energy 
efficiency improvement in their design and construction over the required time period and the 
overwhelming proportion of process-dedicated energy associated with their operation. 
 
e.  Expand the use of renewable energy for facilities and operational activities by implementing 
renewable energy projects and by purchasing electricity from clean, efficient, and renewable 
energy sources. 
 
f.  Reduce the use of petroleum in facility operations by switching to a less greenhouse gas-
intensive, nonpetroleum-based energy source where practical and cost-effective and by 
otherwise improving the efficiency with which petroleum is used. 
 
g.  Reduce water consumption and associated energy use by implementing appropriate Best 
Management Practices (BMP) identified by the Department of Energy (DOE).    
 
h.  Conduct energy and water audits for approximately 10 percent of total facilities’ gross square 
footage each year until all facilities have been audited.  Audits will be performed independently 
or through ESPC or UESC. 
 
i.  Initiate action to implement all identified energy efficiency and water conservation 
recommendations with payback periods of less than 10 years by January 1, 2005.  
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j.  Use life-cycle cost analysis in making investment decisions on products, services, 
construction, and Operations and Maintenance (O&M) practices that significantly affect energy 
and water usage, so that mission requirements will be satisfied at the lowest life-cycle cost. 
 
k.  Apply sustainable design principles to the siting, design, and construction of new facilities, 
and where practical, to the rehabilitation and modification of existing facilities, to optimize life-
cycle costs, prevent pollution, and minimize energy and water usage throughout their useful life. 
 
l.  Where cost-effective over the life cycle, select ENERGY STAR® and other energy-efficient 
products in the upper 25 percent of energy efficiency as designated by the Environmental 
Protection Agency (EPA) or DOE. 
 
1.3  Current Energy Uses and Trends 
 
1.3.1  Energy sources typically used in NASA facilities, vehicles, and equipment can be defined 
by common units of energy to provide a means for comparison.  Table 1-1 lists these energy and 
fuel types by the DOE reporting units and their energy content in English and metric units. 
 
Energy or Fuel 
Type 

DOE Reporting 
Units 

British Thermal 
Units (BTU) per 
Reporting Unit 

Joules per 
Reporting Unit 

GigaJoules (GJ) per 
Reporting Unit 

Buildings/Facilities 
Excluded Buildings/Industrial 
Electricity Megawatt Hour 

(MWH) 
3,412,000 3,599,660,000 3.59966

Fuel Oil 1,000 Gallons 138,700,000 146,328,500,000 146.3285
Natural Gas 1,000 Cubic Feet 1,031,000 1,087,705,000 1.087705
Liquefied 
Petroleum Gas 
(LPG)/Propane 

1,000 Gallons 95,500,000 100,752,500,000 100.7525

Coal Short Ton 24,580,000 25,931,900,000 25.9319
Purchased Steam Billion British 

Thermal Units 
(BBTU) 

1,000,000,000 1,055,000,000,000 1,055.0

Other BBTU 1,000,000,000 1,055,000,000,000 1,055.0
Vehicles/Equipment 

Auto Gas 1,000 Gallons 125,000,000 131,875,000,000 131.875
Diesel 1,000 Gallons 138,700,000 146,328,500,000 146.3285
LPG/Propane 1,000 Gallons 95,500,000 100,752,500,000 100.7525
Aviation Gas 1,000 Gallons 125,000,000 131,875,000,000 131.875
Jet Fuel 1,000 Gallons 130,000,000 137,150,000,000 137.150
Navy Special 1,000 Gallons 138,700,000 146,328,500,000 146.3285
Other BBTU 1,000,000,000 1,055,000,000,000 1,055.0

 
Table 1-1. Conversion Factors for Federal Energy Management Reporting 
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1.3.2  NASA Centers and Component Facilities use several major sources of facility energy.  
Figure 1-1 shows the relative percentage of the major energy types consumed onsite in NASA 
facilities. 

 

 
Figure 1-1. FY 1999 NASA “Site” Energy Mix 

 
1.3.3  NASA Headquarters uses the standard energy conversion factors shown in Table 1-1 in 
reporting Agency energy use to DOE.  When the actual energy content of fuels and purchased 
nonelectric utilities used by the Center deviates from these standards, Centers may adjust the 
energy consumption units reported to Headquarters to account for this difference using the 
formula:  Reported Consumption Units equals Actual Consumption Units multiplied by DOE 
Energy Conversion Factor divided by Actual Energy Conversion Factor. 
         
1.4  Factors Affecting Energy Consumption 
 
1.4.1  Energy consumption is affected by the interrelationships among three basic systems: 
energized, nonenergized, and human.  When any system or even any one of a system's 
components is changed, it is likely that system interrelationships will cause chain reactions that 
affect other systems or components. 
 
a.  Energized systems consume energy directly.  They include the heating, ventilating, and air-
conditioning (HVAC) system, lighting, service water heating, elevators, and office equipment. 
 
b.  Nonenergized systems do not consume energy but do affect the amount of energy consumed 
by other systems.  An example is a building's glazing system, i.e., its windows and skylights.  If 
the glazing system does not have adequate solar controls, much of the heat that radiates into the 
building through the glazing in the summer must be offset by the cooling system. 
 
c.  Human systems consist of the people who have anything to do with the building--those who 
manage it, those who operate it, those who maintain it, and those who use it.  The actions and 

CURRENT NASA "SITE" ENERGY MIX

2%

30%

64%

4%
Purchased Steam - 2%
Fuel Oil/Propane - 4%
Natural Gas - 30%
Electricity - 64%
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attitudes of these people have a great effect on energy consumption.  For example, if not 
operated properly, even the most efficient systems will still waste energy. 
 
1.4.2  The various features and systems contributing to a building's total annual energy use are 
interrelated in significant ways, and the specific interrelationships among systems are unique to 
each building.  For example, a reduction in the building's lighting level affects the building's 
cooling load and demands on heating and humidity control equipment, which in turn affect the 
load demand on pumps, fans, boilers, and chillers.  A reduction in the heat produced by 
equipment on a lower floor may have a ripple effect on the floor above as well as on adjacent 
zones—possibly an undesirable effect.  Such interrelationships, which become more complex in 
larger and more elaborate buildings, are the reason why a building's energy-use patterns must be 
studied methodically and systematically. 
 
1.4.3  Because of the interrelationships among the many factors determining a building's energy 
use, alteration of one factor, such as insulation, will affect other factors, such as air requirements 
for cooling.  Similarly, a series of alterations will have a cumulative effect on the total building 
load that must be understood and accounted for in the conservation program.  Therefore, to get 
maximum energy savings, an energy management program should be implemented in the 
following sequence. 
 
a.  Implement operational energy efficiency options. 
 
b.  Reduce building loads. 
 
c.  Reduce distribution losses from the central plant to the terminal units. 
 
d.  Improve the efficiency of primary energy conversion equipment. 
 
1.4.4  Consider, for example, the cumulative effect of a reduction in lighting load through 
removal of lamps.  This automatically reduces the cooling load and allows distribution flow rates 
to be reduced, which in turn reduces fan and pump energy consumption.  Thus, a change in the 
building load will improve the efficiency of the distribution system even before specific 
improvements in that system have been considered, and it will affect the improvements that can 
be implemented. 
 
1.4.5  The cumulative effect of loads becomes particularly significant in cases in which the peak 
building load can be reduced.  Distribution systems are designed to accommodate the worst 
possible conditions (the hottest or coldest days, when systems are operating at their peak), even 
though these peak loads occur for relatively short periods of time (usually less than 5 percent of 
the year).  Ductwork and fans are selected according to their capacity to meet peak load 
conditions.  In many cases, these systems are not just selected for peak load capacity, they also 
operate at that peak load capacity all the time.  Thus, if the peak building load can be reduced, 
the output of many systems can be reduced.  The same rule applies to water distribution and 
pump sizes, cooling requirements, and minimum chilled water temperature.  In each case, 
reduction of a peak building load will often lead to an even greater reduction in the distribution 
load. 
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1.4.6  Every building load, when changed, will likely have some impact on other loads.  For 
example, changing lighting loads will probably increase heating energy use and decrease air-
conditioning loads.  Increasing the square footage of glazing and using dimming will reduce 
overall energy use because lighting energy use will decrease, and, depending on the building's 
location and orientation, heating energy may remain the same.  Therefore, building loads and 
energy use should be looked at from the total building perspective. 
 
1.5  Center and Component Facility Responsibilities 
 
1.5.1  Centers and Component Facilities are responsible for achieving the Agency energy 
efficiency and water conservation goals specified in paragraph 1.2 at the local level.  In addition, 
each Center and Component Facility shall accomplish the following: 
 
a.  Appoint an energy manager for the Center or Component Facility to serve as the focal point 
for all energy matters and to manage and monitor energy consumption and conservation. 
 
b.  Perform energy surveys and identify, request funds for, and implement energy-efficiency and 
water conservation measures that are cost-effective over the life cycle. 
 
c.  Determine appropriate facility designations for energy reporting purposes and justify each 
mission variable building/facility exemption claimed. 
 
d.  Survey petroleum-consuming facilities to identify opportunities to switch to a less greenhouse 
gas-intensive, nonpetroleum-based energy source where practical and cost-effective. 
 
e.  Initiate action for entering into ESPC’s and UESC’s. 
 
f.  Establish and implement certification procedures to ensure that new facilities are designed and 
constructed to comply with the Federal energy performance standards set forth in 10 CFR 435, 
Subpart A, “Voluntary Performance Standards for New Commercial and Multi-Family High Rise 
Residential Buildings; Mandatory for Federal Buildings.”  Guidance for establishing and 
implementing certification procedures is contained in NPG 8820.2C, “Facility Project 
Implementation Handbook.” 
 
g.  Implement an awareness program to reduce waste in onsite energy and water use by Federal 
and contractor employees. 
 
h.  Submit required energy efficiency and conservation management information to 
Headquarters.  Reporting requirements are identified in chapter 2. 
 
i.  Prepare and update, as needed, a 5-year Energy Efficiency and Water Conservation Plan.  
Guidance for preparing Center Plans is provided in chapter 3. 
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CHAPTER 2.  Reporting and Metrics 
 
 
2.1  Energy-Consuming Facilities Definitions 
 
2.1.1  The following standard NASA terms apply to energy-consuming facilities for the purpose 
of reporting and measuring progress toward energy-efficiency goals. 
 
2.1.1.1  Nonmission Variable Buildings/Facilities:  Standard buildings or facilities that are 
subject to the energy-efficiency improvement goals for Federal buildings set forth in EO 13123, 
Section 202.  This category includes office buildings, storage buildings, laboratories, and other 
research and development buildings that are not energy-intensive.  It does not necessarily 
include industrial and laboratory facilities housing energy-intensive activities, or mission 
variable facilities for which NASA claims exemption from Federal energy-efficiency 
improvement goals.  However, Centers and Component Facilities may designate energy-
intensive facilities as nonmission variable at their discretion. 
 
2.1.1.2  Energy-Intensive Buildings/Facilities:  Buildings or facilities that are subject to the 
energy-efficiency improvement goals for industrial and laboratory facilities set forth in EO 
13123, Section 203.  This definition includes laboratories, research facilities, electronics-
intensive facilities, and facilities housing 24-hour-a-day operations that consume energy far in 
excess of the normal heating, cooling, lighting, ventilation, and water-heating energy load 
requirements of a standard building or facility of comparable size.  This category includes the 
following: 
 
a.  Industrial Facilities:  Any fixed equipment, building, or complex for production, 
manufacturing, or other processes that uses large amounts of capital equipment in connection 
with, or as part of, any process or system, and within which the majority of energy use is not 
devoted to the heating, cooling, lighting, ventilation, or water-heating energy load requirements 
of the facility.  Examples of industrial facilities are as follows: 
 
(1)  Manufacturing Facilities:  Manufacturing facilities use large amounts of industrial 
equipment in a well-defined process to produce multiple units of individual finished products 
from raw materials and prepurchased subassemblies as required to support the missions of the 
individual NASA Strategic Enterprises. 
 
(2)  Refurbishment and Coating Facilities:  Refurbishment and coating facilities repair or restore 
the original condition of multiple units of individual products as required to support the missions 
of the individual NASA Strategic Enterprises.  This includes the replacement of worn/damaged 
components and the preparation required for the application of a coating system such as 
sandblasting and cleaning. 
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b.  Operational, Test, and Support Facilities:  Facilities that provide direct technical support to 
the design, development, test and evaluation, and regular mission operation activities for one or 
more of NASA Strategic Enterprises.  These are facilities that may have special temperature, 
humidity, critical air control, data collection, or power requirements. Such facilities include, but 
are not limited to the following: 
 
(1)  Engine research and test stands. 
 
(2)  Space communication buildings and tracking stations. 
 
(3)  Data processing and interpretation facilities. 
 
(4)  Laboratories. 
 
(5)  Centrifuges. 
 
(6)  Environmental simulation and test facilities. 
 
(7)  Launch preparation, launch, and landing facilities. 
 
(8)  Flight/motion and mission simulation facilities. 
 
c.  Cleanrooms:  Facilities utilized in a manner as to provide critical temperature, humidity, and 
air quality control in a dust-free environment.  A cleanroom facility should, as a minimum, 
occupy 50 percent or greater of the facility's volume and shall be Class 100,000 or less.  The 
facility provides the environment required for research, testing, integration, or assembly of flight 
hardware or experimentation in support of Strategic Enterprises. 
 
d.  Utility Distribution Facilities:  Facilities that provide and distribute chilled water, hot water, 
steam, electricity, or any other form of utility service for the purpose of sustaining the mission 
activities of multiple facilities. 
 
2.1.1.3  Mission Variable Buildings/Facilities:  Energy-intensive buildings or facilities for which 
NASA claims exemption from the energy-efficiency improvement goals for standard buildings 
and industrial and laboratory facilities set forth in EO 13123, Sections 202 and 203.  Exemptions 
must be justified on the basis of technical or economic infeasibility of making significant energy 
efficiency improvements due to the facility’s physical nature or where conventional performance 
measures are rendered meaningless by an overwhelming proportion of process-dedicated energy.  
This category includes the following: 
 
a.  Wind Tunnel/Model Development Facility:  Aerodynamic and aeropropulsion research and 
development facilities that provide low and/or high speed conditioned gas flow for performance, 
controls, and other aerospace testing of components and models. 
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b.  Goldstone Deep Space Communications Complex:  One of the three Deep Space Network 
communication complexes worldwide which support NASA's planetary and interplanetary 
missions.  This category includes all energy-consuming facilities at the Goldstone complex.  
 
c.  Operational, Test, and Support Facilities, Cleanrooms, and other energy-intensive facilities 
that meet the following criteria:   
 
(1)  Contain equipment, processes, or systems used in scientific research, development, test, and 
evaluation in direct support of one or more of NASA's Strategic Enterprises. 
 
(2)  Energy costs are funded by benefiting program(s) (except where all facility energy costs are 
paid by the institution from a single appropriation). 
 
(3)  Annual energy usage equals or exceeds the minimum British Thermal Units (BTU) per gross 
square foot per year (BTU/GSF/Year) values shown in Table 2-1 for facilities classified as 
"Buildings"; or 5 billion BTU's for facilities classified as "Other Structures". 

 
Center/Component Facility/Location Minimum BTU/GSF/Year 

Glenn Research Center 375,000 
Plum Brook Station 375,000 
Goddard Space Flight Center 350,000 
Langley Research Center 325,000 
Wallops Flight Facility 325,000 
Dryden Flight Research Center 300,000 
Marshall Space Flight Center 300,000 
Tracking Stations 300,000 
White Sands Test Facility 300,000 
Ames Research Center 275,000 
Johnson Space Center 275,000 
Michoud Assembly Facility 275,000 
Stennis Space Center 275,000 
KSC Vandenberg Launch Site 275,000 
Jet Propulsion Laboratory 250,000 
Kennedy Space Center 250,000 
NASA Industrial Plants at Downey & Palmdale 250,000 
Santa Susana Field Laboratory 250,000 
Note: (1) Minimum BTU/GSF/Year values for mission variable buildings/facilities are 
based on a minimum energy intensity of 150,000 BTU/SF/Year for process energy and 
100,000 BTU/GSF/Year for building energy. Of the building energy portion, 55 
percent is considered weather dependent (e.g., energy used for heating, cooling, and 
ventilating), and 45 percent is considered fixed (e.g., energy used for lighting, hot water 
heating, and miscellaneous loads). The weather-dependent portion of the minimum 
energy intensity was adjusted to account for differences in weather conditions (average 
heating and cooling degree days) at NASA Centers and Component Facilities. 

 
Table 2-1.  Minimum BTU/GSF/Year for Mission Variable Buildings/Facilities 
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2.2  Reporting Requirements 
 
2.2.1  Each Center and Component Facility is required to submit the following energy-efficiency 
and conservation management information to Headquarters for production of Energy 
Management budget exhibits for DOE and the Office of Management and Budget (OMB), the 
annual Agency energy report to the President and Congress, and to evaluate progress toward the 
Agency energy-efficiency goals: 
 
a.  Annual budget projections for energy, purchased utilities, and energy efficiency and water 
conservation activities. 
 
b.  Quarterly energy consumption data within 60 days of the close of the fiscal quarter. 
 
c.  Annual updates to energy-consuming facility classifications, exempt facility justifications, 
metrics data, water usage, and related information on energy efficiency and water conservation 
accomplishments.   
 
2.2.2  Center and Component Facility energy managers will report this information through the 
Agencywide automated NASA Environmental Tracking System (NETS).  
 
2.3  Metrics 
 
2.3.1  An energy metric is a mathematical equation used to track energy use against productive 
output, facility utilization, or physical characteristics to measure progress toward Agency 
energy-efficiency goals.  The following metrics have been established to evaluate progress for 
each facility energy goal category and for individual facility types. 
 
2.3.1.1  Nonmission Variable Buildings/Facilities:  Agencywide, Center, and Component facility 
progress toward the energy-efficiency goal for nonmission variable buildings/facilities will be 
calculated using BTU’s per Gross Square Foot per Year (BTU/GSF/Year) as the metric.  
 
2.3.1.2  Energy-Intensive Buildings/Facilities:  Agencywide progress toward the energy-
efficiency goal for energy-intensive buildings/facilities will be calculated using BTU/GSF/Year 
as the metric.  Center and Component Facility progress will be calculated using the following 
metrics for specific facility types: 
 
a.  Industrial Facilities (includes Manufacturing and Refurbishment and Coating Facilities):   
BTU Input/Number of Units Produced or Processed/Degree Day measures the amount of energy 
used per product/goods produced or processed. The number of degree days compensates for 
extreme hot/cold weather operation and may be assumed as "1" if not desired to be utilized.  
 
b.  Operational, Test, and Support Facilities:  BTU/GSF/Year including all significant energy 
sources.  
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c.  Cleanroom Facilities:  BTU/Gross Cubic Feet/Year.  The metric should include all significant 
energy sources.  Research-specific loads are not considered significant compared to support 
loads (building, heating, ventilating, air-conditioning, and personnel).  
 
d.  Utility Distribution Facilities:  BTU Output/BTU Input measures the efficiency of energy 
conversion for the production of hot/chilled water, steam, electricity, and high pressure air.  BTU 
input will be for natural gas, kilowatts, and fuel oil.  BTU output will be in chilled/hot water, 
steam, and kilowatts.  The metric should use source data from utility system O&M logs.  
 
2.3.1.3  Mission Variable Buildings/Facilities:  Agencywide, Center and Component Facility 
progress toward the energy-efficiency goal for mission variable buildings/facilities will be 
calculated using the following metrics for specific facility types: 
 
a.  Goldstone Deep Space Communications Complex:  Million of BTU’s (MBTU) per Tracking 
Hour measures the amount of energy consumed by space communication systems and support 
equipment per mission tracking hour.  The metric should include all significant energy sources 
and use source data from facility operations logs. 
 
b.  Operational, Test, and Support Facilities, Cleanrooms, and other facilities:  Metrics will be 
the same as for energy-intensive buildings/facilities of the same facility type. 
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CHAPTER 3.  Energy Efficiency and Conservation Management Program 
 
 
3.1  The Energy Efficiency and Conservation Management Program 
 
3.1.1  Energy efficiency and conservation management ensure that energy and water are used 
effectively and judiciously.  A successful program not only involves energy conservation and 
engineering, but every area of institutional management, including facilities and maintenance 
management, procurement, administration, and communications and public affairs. 
 
3.1.2  There are many ways to increase energy efficiency, although nearly all measures can be 
classified into the following basic categories that make up the foundation of the energy 
management program: 
 
a.  Low- and no-cost O&M measures to ensure peak performance from new existing energy-
consuming systems. 
 
b.  Retrofit to provide technological improvements to existing buildings and equipment. 
 
c.  Replacement of worn out equipment with high-efficiency equipment (although inefficient 
equipment should be replaced prior to its scheduled replacement time if economically 
beneficial). 
 
d.  Installation of energy-efficient equipment, systems, and components in new construction and 
major rehabilitation and modification projects. 
 
e.  Load shifting and peak shaving to reduce utility demand charges. 
 
3.1.3  To be successful, an energy efficiency and conservation management program must be 
carefully planned, following a logical sequence of steps, as follows: 
 
a.  Obtain top management support for an effective energy conservation program. 
 
b.  Organize the Energy Efficiency Team (EET). 
 
c.  Gather background information by evaluating energy purchases, establishing an Energy Use 
Index (EUI), and assembling other data to identify energy consumption patterns and potential 
areas for energy conservation opportunities. 
 
d.  Conduct an energy audit to identify and prioritize energy conservation opportunities.  
Conducted either by qualified in-house engineers or by contractors, this can be a walk-through or 
comprehensive audit.  The energy audit is addressed in depth in chapter 4. 
 
e.  Develop the Center Energy-Efficiency and Water Conservation 5-Year Plan by establishing 
priorities and formulating schedules, budgets, and goals.  The Plan should be a formal written 
document, outlining the Center’s energy policy and objectives, strategies, programs, and action 
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items making up the strategic plan to realize the energy policy’s goals. Recommended elements 
of the Plan are detailed in paragraph 3.2. 
 
f.  Implement, promote, and monitor the plan.  This includes energy project budgeting and 
programming, energy management program reporting, and energy awareness program 
development. 
 
3.2  Center Energy-Efficiency and Water Conservation 5-Year Plan 
 
3.2.1  Requirement.  EO 13123, Section 302, requires NASA to prepare an annual 
implementation plan for fulfilling the requirements of the Order.  The Agency implementation 
plan is based on individual plans developed by each Center and Component Facility.  Each 
Center and Component Facility is required to develop and maintain an individual Energy-
Efficiency and Water Conservation 5-Year Plan tailored to the needs, resources, and 
opportunities at each location.   
 
3.2.2  Preparation and Submission.  Each Center shall maintain an Energy Efficiency and Water 
Conservation 5-Year Plan approved by the Center Director.  Component Facility plans may be 
included as part of the Center plan, or if approved by the Center Director, prepared separately.  
Approved Center Plans must be submitted to the Associate Administrator for Management 
Systems, with a copy to the cognizant Enterprise Institutional Program Officer within one year 
of the date of this directive.  Center plans shall be reviewed and updated as needed, but not less 
than every three years.  The Director, Environmental Management Division, Headquarters Code 
JE, shall review Center plans to ensure that they are current during Energy and Water 
Management Functional Reviews.  
 
3.2.3  Content.  Center plans should focus on goals, implementation strategy, and resource 
requirements.  The plans are intended to elicit and sustain management support.  Center plans 
shall include the following elements: 
 
a.  Mission/Value Statement - A simple statement of why the plan is important and what it will 
accomplish in 5 years. 
 
b.  Authorities - Identify Federal statutes, Executive Orders, and NASA directives related to 
energy and water management such as: 
 
(1) 42 U.S.C. 8252, et seq., the NECPA, as amended by the EPACT (P.L. 102-486, 106 Stat. 

2776). 
 
(2) EO 13123, dated June 3, 1999, “Greening the Government Through Efficient Energy 

Management.”  
 
(3) EO 13148, dated April 21, 2000, “Greening the Government Through Leadership in 

Environmental Management.” 
 
(4) 10 CFR Part 436, “Federal Energy Management and Planning Programs.” 
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(5) NPD 8500.1, “NASA Environmental Management.” 
 
(6) Applicable Center Directives. 
 
c.  Goals - Describe the long-term goals of the plan, what is required to meet them, and the 
expected outcomes if the goals are met. 
 
(1)  Long-Term Goals: 
 
(i)  Reduce energy use per gross square foot in Nonmission Variable Buildings 20 percent by FY 
2000, 30 percent by FY 2005, and 35 percent by FY 2010, relative to FY 1985 baseline. 
 
(ii)  Improve energy efficiency of Energy-Intensive Buildings 20 percent by FY 2005 and 25 
percent by FY 2010, relative to FY 1990 baseline. 
 
(iii) Improve energy efficiency of Mission Variable Facilities 10 percent by FY 2005, relative to 
FY 1985 baseline. 
 
(iv)  Reduce greenhouse gas emissions attributed to facility energy use 30 percent by FY 2010, 
relative to FY 1990 baseline. 
 
(v)   Expand renewable energy use. 
 
(vi)  Reduce petroleum use. 
 
(vii)  Reduce water use by implementing appropriate best management practices. 
 
(viii)  Reduce utility costs. 
 
(2)  Current progress - Review current Center progress toward these goals. 
 
(3)  Required actions – Identify additional actions needed to meet the long-term goals. 
 
(4)  Expected outcomes – Identify the tangible and intangible benefits of taking these actions 
including all associated savings and cost avoidances. 
 
d.  Organization - Describe the Center organization for energy efficiency and conservation 
management, including authorities and responsibilities. 
 
(1)  Lead and supporting organizations. 
 
(2)  The EET. 
 
(3)  Ad hoc "Tiger" teams. 
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e.  Audits - Identify facility audits completed since 1991.  Identify required facility audits to be 
performed over the next 5 years and how will they be accomplished.  
 
f.  Projects - Identify significant energy efficiency, renewable energy, and water conservation 
projects that will be implemented over the next 5 years and how will they be funded.  
 
(1)  Construction of Facilities (CoF) funded. 
 
(2)  Center funded. 
 
(3)  Alternative financing. 
 
(i)  ESPC. 
 
(ii)  UESC. 
 
g.  Resources - Identify resources needed to implement the plan. 
 
(1)  Funding. 
 
(2)  People. 
 
(3)  Training. 
 
h.  O&M - Identify O&M procedures or process improvements that will be implemented or 
sustained over the next 5 years to help manage energy and water use. 
 
i.  Awareness - Identify energy efficiency and water conservation awareness activities that will 
be implemented or sustained over the next 5 years. 
 
(1)  Communication with employees, contractors, and the general public. 
 
(2)  Ongoing outreach programs. 
 
(3)  Specific activities and events. 
 
3.3  The Energy Manager 
 
3.3.1  As required by NPD 8500.1, “NASA Environmental Management,” a key individual shall 
be appointed at each Center and Component Facility to serve as the focal point for all energy 
matters and to manage and monitor energy consumption and conservation. These individuals 
should be encouraged to become trained energy managers. 
 
3.3.2  EPACT requires executive departments and agencies to establish and maintain programs 
to ensure that facility energy managers are "trained energy managers." This entails demonstrated 
proficiency or a completed course of study in all of the following areas: 
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a.  Fundamentals of building energy systems. 
 
b.  Building energy codes and applicable professional standards. 
 
c.  Energy accounting and analysis. 
 
d.  Life-cycle cost methodology. 
 
e.  Fuel supply and pricing. 
 
f.  Instrumentation for energy surveys and audits. 
 
3.3.3  Demonstrated proficiency can be verified by on-the-job performance in current or previous 
positions or through certification as an energy manager by an appropriate professional 
organization or public education institution.  Alternative courses of study must have been 
obtained through a private or public education institution, a Government agency program, or a 
professional association training program. 
 
3.3.4  Responsibilities.  The energy manager serves as the local source of expertise on energy 
conservation and efficiency management policies, procedures, requirements, and processes.  In 
addition to the responsibilities assigned in NPD 8500.1, the energy manager must also carry out 
the specific responsibilities delineated below and summarized in Figure 3-1. 
 
a.  Planning and Organization 
 
(1)  Prepare and update the Center Energy-Efficiency and Water Conservation 5-Year Plan. 
 
(2)  Review and monitor energy-use trends, patterns, and future requirements. 
 
(3)  Track progress toward meeting agency energy goals. 
 
(4)  Monitor monthly utility bills. 
 
(5) Organize a Center EET. 
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Figure 3-1. Responsibilities of the Energy Manager 
 
b.  Budgeting and Project Programming 
 
(1)  Assist in preparing the Center energy budget. 
 
(2)  Request funds for energy projects. 
 
(3)  Keep track of energy project funding status. 
 
c.  Program Management 
 
(1)  Establish and promote an energy awareness program among Federal and contractor 
personnel. 
 
(2)  Initiate and manage an energy audit program using approved life-cycle cost methods. 
 
(3)  Establish and implement certification procedures to ensure that new facilities are designed 
and constructed to comply with existing Federal energy performance standards. 
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(4)  Monitor CoF and Center-funded energy projects. 
 
(5)  Provide technical input to facilities maintenance programs to ensure that energy efficiency is 
addressed in facilities maintenance programs. 
 
(6)  Initiate a facilities metering program. 
 
(7)  Participate in demand-side management (DSM) programs. 
 
(8)  Investigate ESPC and UESC opportunities and take the lead in implementing such contracts. 
 
(9)  Procure energy-efficient supplies and equipment replacements. 
 
(10) Prepare an emergency conservation plan.  The requirement for emergency conservation 
plans is contained in 10 CFR 436, Subpart F, Section 436.105.  Appendix D provides a 
recommended plan of action for emergency electricity reduction at Federal developed by DOE.  
Center emergency conservation plans should be customized to site-specific conditions.   
 
d.  Administration 
 
(1)  Determine and maintain appropriate nonmission variable, energy-intensive, and mission 
variable facility energy designations. 
 
(2)  Report quarterly energy consumption data to Headquarters via NETS. 
 
(3)  Report annual energy program accomplishments to Headquarters via NETS. 
 
(4)  Establish and communicate Center energy policies. 
 
(5)  Coordinate EET activities. 
 
(6)  Review and evaluate energy suggestions. 
 
(7)  Establish an energy award program. 
 
(8)  Participate in utilities contract negotiations. 
 
3.3.5  Although facility construction is beyond the scope of this NPG, energy managers should 
participate in construction reviews to ensure that designers are meeting the energy design 
requirements outlined in 10 CFR Part 435 and the sustainable design and construction 
requirements of EO 13123. 
 
3.4  The EET 
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3.4.1  After obtaining top management support, the next step is to organize an EET.  The EET 
plans and implements all activities of the energy efficiency and conservation management 
program.  Spreading responsibilities among various organizations helps establish program 
identity and gives those organizations a stake and interest in program decisions.  
 
3.4.2  The selection of the energy manager is the first and most important step in building an 
EET.  The energy manager is responsible for leading and managing all energy efficiency and 
conservation management program activities carried out by the EET.  The energy manager 
should be a dynamic individual who takes the initiative to develop forward-thinking energy 
efficiency and conservation management approaches and accomplish action items. 
 
3.4.3  The EET should be drawn from a wide cross-section of relevant Center organizations, 
including: Center Operations, Transportation, Chief Financial Officer, Logistics, Procurement, 
Public Affairs, and the Program and Project organizations (such as Research Directorates).  
Onsite support contractors responsible for O&M of energy-consuming systems and equipment 
should be included on the team as appropriate.  The primary qualifications for participation 
should be willingness and enthusiasm.  Team members not only must be dedicated to the concept 
of energy efficiency and conservation management, but also should be in a position that enables 
them to implement the program within their own organization. 
 
3.4.4  In addition to involving the various organizations in the energy efficiency and 
conservation management program through the EET, the energy manager needs to establish 
informal lines of communication with key staff members whose assistance is critical in 
implementing energy efficiency and conservation management projects.  These staff members 
include building managers from each facility, utilities managers, plant supervisors, contracting 
officers, design engineers, supply officers, project programmers, budget managers, other energy 
managers, and utilities company representatives. 
 
3.5  Gathering Background Information 
 
3.5.1  The EET should have certain information on hand as it begins to develop the Center 
Energy Efficiency and Water Conservation 5-Year Plan.  Typically, this information includes the 
following: 
 
a.  Utility rate schedules 
 
b.  Base-year energy use data 
 
c.  Energy consumption data for the three year period previous to the base year 
 
d. Future Program and Project plans that will affect energy consumption patterns 
 
e. Weather data 
 
e.  Building data 
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f.  O&M logs, equipment manuals, and warranty information on equipment that may be modified 
 
g.  Local building codes 
 
h.  Other relevant information, such as facility modifications already underway and plans to 
build, expand or decommission facilities. 
 
3.5.2  Planning an energy efficiency and conservation management program requires evaluation 
of the energy performance of existing buildings.  Identifying the intensity of energy use by 
means of an EUI is the first step in this process.  The most common EUI for buildings measures 
energy consumption per unit of gross floor area over a specific time interval, e.g., 
BTU/GSF/Year.  The larger the index number, the higher the level of energy consumption. 
 
3.5.3  The primary application of an EUI is to compare a building’s energy consumption from 
one period to another.  The EUI is not a measure of a building’s overall energy efficiency since a 
large index number might be due to unusually harsh weather or an increase in facility utilization.  
In addition, the EUI is not a means of comparing the energy efficiency of one building to 
another.  Variables such as building size, occupancy levels, and number of operating shifts could 
lead you to draw inaccurate conclusions. 
 
3.6  Budgeting and Programming Projects 
 
3.6.1  To start budgeting and programming energy management projects, estimate the Center’s 
reasonable potential for energy savings and to set goals consistent with that potential.  An energy 
audit is usually necessary for estimating energy savings potential.  The Center must eventually 
go beyond no- and low-cost measures to achieve the FY 2010 goal of a 35 percent reduction in 
BTUs per square foot. 
 
3.6.2  The most common approach to implementing energy efficiency improvements requiring 
significant capital investment is to include them as part of NASA-funded facilities construction, 
repair, or rehabilitation and modification projects.  Such projects must adhere to NASA policy set 
forth in NPD 8820.1, “Design and Construction of Facilities,” be approved in accordance with NPD 
7330.1F, “Approval Authorities for Facility Projects,” and comply with procedures contained in 
NPG 8820.2C, “Facility Project Implementation Handbook.”  NPG 8820.2C provides detailed 
guidance on the facilities planning, budgeting, design, construction, and activation process, 
including the formulation and submission of documentation for the annual CoF Program.  It also 
describes the budget process used to obtain the authorization and funds for facilities projects.   
 
3.6.3  There are alternatives to NASA funding available for financing Federal energy-efficiency 
projects which do not require large up-front capital outlays on the part of agencies.  ESPC’s and 
UESC’s allow energy projects to be paid for out of energy savings at no net cost to the agency.  
These financing alternatives are discussed in chapters 9 and 10. 
 
3.7  Developing Awareness Programs 
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3.7.1  The support and participation of the entire Center community—from those who will pay 
for efficiency improvements to those who will be affected by them—is crucial to the successful 
development and implementation of an energy efficiency and conservation management 
program.  Keeping the entire Center community informed of the energy management program’s 
progress, including its costs and benefits, is essential.  
 
3.7.2  The purpose of an energy awareness program is to eliminate energy waste by making 
energy users more energy conscious.  An awareness program attempts to influence energy users’ 
attitudes and behavior to reduce energy waste, promote energy efficiency, prevent pollution and 
reduce costs.  Potential savings from awareness depends on the Center’s current level of 
efficiency and the motivation of its personnel.  An effective program targets specific audiences, 
involves as many energy users as possible, is widely publicized, and makes energy-saving 
actions and goals as concrete as possible.  The program should be creative, consistent, 
continuous, and informative.  A list of potential awareness projects, as well as sources of 
additional awareness program ideas and information, appears in Appendix E. 
 
3.8  Monitoring Program Effectiveness Through Metering 
 
3.8.1  Monitoring the effectiveness of the energy efficiency and conservation management 
program through metering provides the means for the energy manager to establish the energy 
accounting system that is essential for control and evaluation of the program.  The effective use 
of information generated by monitoring and metering can result in savings of both energy and 
dollars. 
 
3.8.2  As required by NPG 8820.2C, meters and ancillary equipment should be installed in new 
or retrofit construction to facilitate management of utilities.  Metering for water, electricity, 
natural gas, and other energy-related utilities systems serving the facility is required.  For cost 
allocation purposes, metering should be used to segregate energy consumed by nonmission 
variable and mission variable as well as institutional and research facilities. 
 
3.8.3  The most common type of metering is for electricity, but substantial benefit can also be 
realized for steam, hot water, and natural gas.  Metering can be used for accountability and 
control.  Development of a metering program should take both of these purposes into account.  
Accountability encourages conservation but does not eliminate waste.  Control serves to identify 
where, when, and how energy is being consumed.  For example, an effective metering systems 
for a central steam system should include meters at the plant, in the distribution system, and at 
the points of consumption.  The first and second locations would assist in determining plant 
efficiency and losses in distribution; the third would provide accountability. 
 
 

 
 
CHAPTER 4.  Energy Auditing 
 
 
4.1  The Energy Audit 
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4.1.1  The purpose of the energy audit is to identify energy-efficiency and cost-savings 
opportunities among building systems and equipment.  The goal of the energy audit is to identify 
life-cycle, cost-effective energy conservation measures by evaluating the overall efficiency of 
building systems (HVAC, lighting, envelope) and the efficiency of individual components 
comprising those systems (pumps and motors, lamps and ballasts, windows).  Energy audits 
should be performed to the level of detail needed to identify, analyze, and document potential 
energy conservation measures.  Although NASA facilities have been improved over the years by 
retrofits, many buildings, both old and new, still offer great energy- and cost-saving 
opportunities. 
 
4.1.2  EO 13123 requires NASA to conduct or obtain comprehensive facility audits for all of its 
nonmission variable and energy-intensive facilities and to ensure that audits are completed for 
approximately 10 percent of these facilities each year.  NASA has also elected to perform at least 
a walk-through level energy audit for all mission variable facilities over the same 10-year period. 
 
4.2  Types of Audits 
 
4.2.1  Walk-Through Energy Audits.  A walk-through energy audit is a visual inspection of a 
facility made to determine operation and maintenance energy saving opportunities, as well as 
gather information to determine the need for a more detailed audit.  The walk-through audit 
should be conducted by facility and/or plant manager and should be arranged so that the audit 
team can see the major operational and equipment features of the facility.  A walk-through audit 
usually begins with a review of a building’s energy consumption over a prior period, usually the 
previous year.  It is best for this information to be prepared in the form of an EUI, discussed in 
chapter 3. 
 
4.2.1.1  Two types of information should be recorded.  First, identify and record what equipment 
and systems are installed, how the various equipment and systems interoperate and consume 
energy.  Second, determine and record the evident conditions of the installed equipment and 
systems and, as appropriate, the energy conservation opportunities suggested by virtue of these 
existing conditions. 
 
4.2.1.2  Walk-through energy audits are designed to identify only those deficiencies that are 
most obvious.  Most substantial energy savings will be identified only through the more rigorous 
investigation of the comprehensive energy audit.  Accordingly, walk-through audits are only 
appropriate for facilities under 10,000 gross square feet, for exempt facilities for which 
comprehensive audits would be too complex or costly, and as a means to prioritize facilities for 
conducting comprehensive audits.  Typical concerns which may be covered by a walk-through 
audit include reduction of infiltration/exfiltration; quality of HVAC equipment O&M, including 
controls; lighting system energy efficiency opportunities; ventilation system operation, control, 
and opportunities for improvement; and tenant use practices. 
4.2.2  Comprehensive Energy Audits.  A comprehensive facility audit is defined as a survey of a 
building or facility that provides sufficiently detailed information to allow an agency to enter 
into energy or water-savings performance contracts or to invite inspection and bids by private 
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upgrade specialists for direct agency-funded energy or water efficiency investments.  The 
comprehensive facility audit shall include information such as the following: 
 
a.  The type, size, energy use, and performance of the major energy using systems and their 
interaction with the building envelope, the climate and weather influences, usage patterns, and 
related environmental concerns. 
 
b.  Appropriate energy and water conservation maintenance and operating procedures. 
 
c.  Recommendations for the acquisition and installation of energy conservation measures, 
including solar and other renewable energy and water conservation measures. 
 
d.  A strategy to implement the recommendations. 
 
4.3  Organizing the Audit Team 
 
4.3.1  Once the scope of an energy audit has been defined (walk-through vs. comprehensive), the 
next task is putting together a qualified energy audit team to perform the audit.  Audit teams 
should be organized based on the types of energy systems being audited.   In addition to the 
energy manager, the audit team may include the following: 
 
a.  Facilities Design Professionals.  Depending on the size and complexity of the facilities and 
scope of the audit, relevant disciplines may include mechanical and electrical engineering; 
architecture; illumination, structural, or civil engineering; controls; and/or hazardous 
materials/industrial hygiene. 
 
b.  Technicians.  Nondegreed technicians with extensive training and experience in energy 
management may substitute for a design professional.  Energy Manager certification or   
proficiency in each of the six energy management areas listed in paragraph 3.3.2 is required. 
 
c.  Management Representatives. 
 
d.  O&M Personnel. 
 
e.  Building Managers.  These individuals should be familiar with the various building energy 
systems and, through participation in the audit, can learn how to operate those systems at peak 
efficiency.  
 
f.  Building Occupants.  Building occupants can often provide useful information about the past 
performance of energy systems. 
 
g.  Utility Representatives. 
 
4.4  Performing the Audit 
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4.4.1  Checklists are effective for ensuring that an audit has obtained all of the necessary 
information.  Basic checklists for various energy-using systems are included in Appendix F.  The 
checklists may be modified to meet specific needs. 
 
4.4.2  The first step in a comprehensive audit, discussed in detail below, is to gather information 
about the building, its systems and equipment, O&M procedures, weather data, and utility costs 
and rates.  It is also important to review any previous audits performed on the building to 
determine whether previous audit recommendations have been implemented, and if not, why.  
Previous utility bills should be examined to obtain a sense of how energy is used within the 
building.  Basic information about the building, such as its use, occupancy, square footage, 
number of floors, layout, age, and hours of operation provides insight into the complexity of the 
building.  The building systems drawings provide information on the types and number of 
systems and equipment.  The equipment specifications provide specific details on each system.  
All this information is then verified during the site visit. 
 
4.4.3  The second step is to conduct a floor-by-floor, room-by-room investigation of each 
building system during a site visit to verify all preliminary building information.  The building 
envelope should be examined, then each equipment room, and finally the space conditions.  
Utilize standard survey forms to collect these data, which includes nameplate data on equipment, 
measurements of actual conditions, and noting the condition of equipment.  A list of the 
information typically gathered or verified during the energy audit site visit can be found in 
Appendix G. 
 
4.4.4  The last step is to develop a list of energy- and water-savings opportunities by building 
system using the information gathered and verified during the site investigation.  All three steps 
of the energy audit are described in detail below. 
 
4.5  Data Acquisition and Materials Review 
 
4.5.1  Before performing the onsite inspection, it is important to gather certain information, 
which typically includes the following: 
 
a.  Energy consumption data for the base year and the 3 years previous to the base year. 
 
b.  Weather data for each year for which energy consumption data are collected.  Weather data 
usually are available from the local electrical utility, or may be obtained form the National 
Climatic Center. 
 
c.  Building data, including original building plans and specifications, and as-built plans. 
 
d.  O&M logs and manuals to identify how equipment is being operated and maintained and how 
changes in equipment performance have been dealt with by changes in O&M routines. 
 
e.  Utility rate schedules to determine if the Center is getting the best rate and if energy 
efficiency modifications would result in a better rate.  Utility representatives should be asked to 
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indicate likely future rate changes and be sure to investigate the status of electric utility 
deregulation in your area (see chapter 9 for information). 
 
4.5.2  Other information that may be useful includes details on any energy efficiency projects 
already undertaken or planned by in-house personnel; any planned major change in facility use 
or physical modifications such as renovation, remodeling, or expansion; information on relevant 
building codes and standards; and equipment warranties and guarantees. 
 
4.5.3  Information from each source should be reviewed separately and as it interrelates with 
other sources.  The most obvious correlation is that between energy consumption data and 
climate conditions.  Look for evident trends, changes, and discrepancies.  A review of these 
materials may raise questions that require followup with management and/or the head of O&M 
prior to the onsite investigation. 
 
4.6  Onsite Investigation 
 
4.6.1  Since energy consumption in buildings is determined by the characteristics and 
interactions of the three basic systems (energized, nonenergized, and human), information on all 
three as they relate to building systems and equipment should be obtained during inspection and 
monitoring of operations. 
 
4.6.2  When energy-using equipment is inspected, basic information should be recorded to 
identify what specific type of equipment is installed, its manufacturer, model number, nameplate 
ratings, current condition, and other factors as appropriate.  The degree to which inspection of 
nonenergized systems, such as building envelope, reveals information depends on the skills, 
knowledge, and experience of those performing the inspection.  This is one reason why the 
surveying team should represent diverse backgrounds and capabilities. 
 
4.6.3  Evaluation of the performance of O&M personnel should be made while inspecting areas 
in which they are active, and by reviewing maintenance logs.  Standing over an individual while 
he works will generally inhibit his performance; this approach is not recommended.  If 
necessary, arrange in advance for a specific demonstration or explanation of how a given task is 
performed.  The same applies to other elements of the human system.  In an office area, for 
example, a simple memo could be circulated, indicating that energy surveyors will be present for 
a certain period of time.  Typical observations should center on how people operate their 
equipment, lighting, appliance, drapes and blinds.  It also is extremely important to observe 
building occupancy patterns. 
 
4.6.4  This type of information helps determine optimal start and stop times; whether lighting can 
be stepped-down or turned off altogether during lunch hours; possible installation of control 
systems to reduce energy consumption for those working after hours.  It can also help identify 
the types of energy management and control systems performing such functions as demand 
control, duty cycling, and optimized start/stop.  It is also appropriate to have an energy surveyor 
evaluate the building during normally closed periods.  This generally involves times when the 
building is empty (e.g., from 8 p.m. to 6 a.m. on weekdays) and on Saturday or Sunday. 
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4.7  Identification and Evaluation of Potential Energy Conservation Measures 
 
4.7.1  Based on analysis of existing conditions during the energy audit, the energy audit team 
should identify and evaluate potential energy and water savings measures for building systems, 
equipment, and O&M.  This includes determining the energy and demand savings for each 
energy savings measure, as well as the financial viability of the proposed upgrade.  Typical areas 
of potential energy savings are suggested in the following paragraphs. 
 
4.7.1.1  Building Envelope.  A significant amount of energy can be wasted by air infiltration and 
exfiltration through the building envelope (that is, the building's roof, exterior walls, exposed 
floors, windows, doors, skylights, dampers, and other openings).  Infiltration is outside air that 
enters a building through cracks and other openings in the building envelope, including open 
windows and doors.  Exfiltration is conditioned air that is lost to the outside through the same 
openings.  When conditioned air leaks out of a building, it must be replaced by newly 
conditioned indoor air.  When outdoor air leaks in, it must be conditioned.  In addition, heat 
transmission, which occurs when heat enters or escapes through the components of the building 
envelope, can create problems similar to those, caused by infiltration and exfiltration. 
 
4.7.1.2  Heating, Ventilation, and Air-Conditioning.  A building's HVAC system usually 
consumes more energy than any other, making it the most expensive to operate.  Much of this 
operating expense may be wasted, particularly if the system is more than 20 years old.  Common 
concerns regarding HVAC systems’ energy efficiency are as follows: 
 
a.  Oversizing.  Many systems are designed with comfort in mind and are sized to meet the most 
extreme conditions likely to be encountered.  Because extremes occur only rarely, oversized 
systems run at far less than peak efficiency most of the time. 
 
b.  Design.  Some HVAC systems may be inefficient by design, regardless of size.  This is 
especially true of systems that provide simultaneous heating and cooling, such as terminal reheat 
systems.  Such systems are inefficient because they use energy to lower air temperature and then 
consume more energy to raise the temperature of the same air. In most cases, there is even more 
waste because the lowest temperature setting usually is much lower than needed. 
 
c.  Ventilation.  Every cubic foot of air that is brought into a building usually must be heated or 
cooled.  In some cases, it must also be humidified or filtered.  Unless heat recovery equipment is 
installed, every cubic foot of air that is exhausted by the ventilation system takes with it all the 
energy used to condition it.  Ventilation in a building is essential for health and safety and to 
meet the physiological needs of people.  In many cases, however, the amount of ventilation 
being provided greatly exceeds the amount actually needed. 
 
d.  HVAC Distribution Network.  Insulation on ducts and pipes can deteriorate over time, 
causing unwanted heat gain and loss.   
 
e.  Human Effects.  Building occupants can also contribute to HVAC system energy waste.  
Careless use of doors and windows contributes to infiltration and exfiltration problems.  
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4.7.1.3  Lighting.  Lighting typically accounts for the largest portion of a building’s overall 
electricity bill.  It also produces heat and, therefore, indirectly contributes to increased energy 
consumption for air-conditioning and less energy consumption for heating, though the latter 
effect is smaller.  The lighting systems in many buildings were designed with only initial costs in 
mind, without knowledge of how the space would ultimately be used and subdivided and without 
the benefit of recent improvements in lighting technology.  Common concerns regarding lighting 
system energy efficiency are as follows: 
 
a.  Lighting Levels and Quality.  The lighting system in a building may be wasting energy by 
providing more light than is necessary for the task being performed in the space, by providing 
poor-quality lighting (that is, excessive glare and veiling reflection, poor color rendering and 
lamp color temperature), by providing light that is misdirected, and by using inefficient lamps 
and ballasts.  Studies have shown that worker productivity declines when lighting is reduced to 
levels below those needed for proper performance of a given task.  Such productivity losses can 
cost far more than the value of the lighting energy saved. 
 
b.  Human Interaction.  People also have a great effect on lighting efficiency.  Lighting left on 
when it is not needed wastes a great amount of energy. 
 
c.  Maintenance.  When lighting systems are not maintained properly, for example, when bulbs, 
lenses, and reflectors are dirty, light from the source can be wasted because it is absorbed by the 
dirt. 
 
d.  Interaction with Other Systems.  Because lighting systems present many complex 
interrelationships, changes should be studied carefully.  For example, when lighting is reduced 
during the heating season, the heat that was provided by the lighting is lost and the building’s 
central heating system must make up the difference, usually increasing the overall use of energy 
(however, in some regions the savings from reduced electricity use may outweigh the cost of 
additional heating provided by cheaper natural gas).   
 
4.7.1.4  Service Hot Water.  A building’s service, or domestic, hot water system consists of the 
components that generate, store, distribute, and dispense hot water.  Depending on the amount 
and end uses of the hot water, this system can be a major source of energy waste, and relatively 
minor adjustments may achieve substantial savings.  For example, if service hot water is used 
primarily for hand washing, a storage tank temperature setting of no more than 105 degrees 
Fahrenheit (°F) or 40 degrees Celsius (°C) is usually is adequate.  In many buildings, however, 
the original factory setting of 140°F (60°C) has not been changed since the unit was installed.  
For seldom used or remote washrooms, consider using point-of-use or instant-on water heaters.  
Buildings that have a food service area in which hot water is used for dish washing or a laundry 
facility in which hot water is used for clothes washing typically use the same water heater for 
these high-temperature needs as for other uses such as hand washing.  The central tank's 
temperature must therefore be set to meet the high-temperature needs.  Energy is wasted because 
the temperature of the water for the other uses is much higher than is needed.  Energy is also 
wasted because of heat loss that occurs when water is transmitted from the central storage tank to 
the point of end use, particularly if pipes are not insulated. 
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4.7.1.5  Commercial Refrigeration.  Commercial refrigeration systems use a significant amount 
of energy in buildings with food service areas and markets.  These systems can waste energy if 
they are not used properly or operate unnecessarily.  Common problems are overloading, 
blocked return grills, temperatures set too low, unnecessary lighting, and open covers and doors. 
 
4.7.1.6  Electrical Systems.  Many building electrical systems (for example, elevators, escalators, 
water coolers, and vending machines) run more than necessary.  Many electric motors are old 
and inefficient.  In addition, many building owners pay too much for energy because they cannot 
control demand for electricity during peak hours.  Low power factors increase losses in electrical 
distribution and equipment and also reduce the load-handling capacity and voltage regulation of 
the building's electrical system.  Older transformers are also inefficient. 
 
4.8  Energy Audit Tools 
 
4.8.1  In order to ensure that energy consumption data is correct, quality control is critical when 
conducting an energy audit.  The proper tools and instruments needed to help accurately evaluate 
energy systems must be purchased.  The tools typically used for measuring energy consumption 
and efficiency include: 
 
a.  Cameras to record condition of the equipment. 
 
b.  Infrared scanning devices to detect heat emitted by an object.  
 
c.  Ammeters, voltmeters, wattmeters, power factor meters, combination energy/demand meters, 
and other power monitoring equipment, as appropriate, to determine electrical load 
characteristics.  
 
d.  Light-intensity meters to measure illumination in units of footcandles.  
 
e.  Thermometers and surface pyrometers to measure air, liquid, and surface temperatures. 
 
f.  Psychrometers and hygrometers to measure relative humidity. 
 
g.  Air velocity measurement devices to measure HVAC system performance. 
 
h.  Pressure measurement devices to measure pressure in HVAC systems. 
 
i.  Temporary meters and other flow measurement devices to measure the flow of water, steam, 
oil, and gas. 
 
j.  Combustion efficiency measurements to determine the composition of boiler flue gas. 
 
k.  Portable potential of hydrogen (pH) meters to measure the acidity or alkalinity of water 
treatment systems. 
 
l.  Tachometers and stroboscopes to measure the rotating speeds of fans and motors. 
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4.8.2  Computer Modeling and Simulation.  In larger facilities or those with more complex 
systems, computer modeling helps account for the many variables and changes in building 
systems performance and on energy consumption.  Using an energy simulation model (such as 
DOE-2) rather than manual techniques offers accuracy improvements in scheduling building 
parameters precisely; determining the impact of weather precisely; specifying equipment 
performance at part-load conditions; and calculating variable interactions, such as the effect of 
internal lighting reductions on heating and cooling loads. 
 
4.8.2.1  A building simulation is a mathematical representation of the way in which a building 
functions.  The accuracy of the simulation is determined by the underlying set of data and 
assumptions.  The energy manager should validate building simulation information against 
energy bills and operating data for a specific building.  Once the simulation is replicating the 
building's monthly energy consumption, a base case is established and alternative systems can be 
simulated and compared against the base case.  A valid comparison is made between these 
systems since they are both based on the same set of assumptions.  Building simulations are 
especially useful in evaluating the interactions between two or more systems or components and 
are commonly used in energy-efficiency retrofit analysis. 
 
4.8.2.2  Most of the simulation programs available receive initial input in the form of data 
relating to installed systems and climate conditions.  The printout should provide a reasonably 
accurate estimate of monthly and annual energy consumption.  Simulating modifications to an 
existing system cannot begin until the program is able to simulate existing performance.  Once 
the program is fine-tuned, it takes relatively little time to determine the likely impact of any 
given modification or combination of modifications.  A comprehensive list of simulation 
software has been published by the American Society of Heating, Refrigeration, and Air-
Conditioning Engineers (ASHRAE), called “Bibliography of Computer Programs.” 
 
4.9  Life-Cycle Costing 
 
4.9.1  Life-cycle cost analysis is an integral part of the energy audit.  Life-cycle cost analysis 
takes into account initial cost of the energy savings upgrade, energy costs and savings, operation 
and maintenance costs, component replacement costs, salvage value, and other factors that will 
affect cost over the entire life of the project.  This will provide the necessary information to 
make a final decision on implementation of an energy savings measure. 
 
4.9.2  To determine energy and demand savings, compare the energy and demand usage of the 
existing system with the proposed energy savings upgrade.  Then perform a financial analysis 
that compares the cost of maintaining the existing system and the energy costs associated with 
the existing system to the cost of upgrading and maintaining the new system and the energy costs 
associated with the new system.  The life-cycle cost analysis determines the net present value, 
savings to investment ratio, and internal rate of return of the investment.  Typical acceptable life-
cycle cost values are savings to investment ratio greater than one and an internal rate of return 
greater than 20 percent. 
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4.9.3  The Life-Cycle Costing (LCC) methods and procedures delineated in 10 CFR Part 436, 
Subpart A, must be followed, unless specifically exempted, in evaluating the cost-effectiveness 
of potential energy conservation and renewable energy investments in Federally-owned and 
leased buildings.  LCC is the primary tool for analyzing energy retrofit projects.  It considers all 
relevant costs.  The data can be combined in the following ways to evaluate economic 
performance: 
 
a.  Total Life-Cycle Cost (TLCC).  TLCC is the sum of all dollar costs of owning, operating, and 
maintaining a building or building system over the study period discounted to present value. 
 
b.  Net Life-Cycle Savings.  This parameter is the decrease in TLCC cost attributable to an 
energy conservation project. 
 
c.  Savings-to-Investment (SIR) Ratio.  The SIR is a numerical ratio comparing the projected 
reduction in energy costs (net of increased nonfuel operation and maintenance costs) to the 
estimated increase in investment cost, minus increased salvage values. 
 
d.  Simple Payback (SPB).  The SPB is the elapsed time between the initial investment and the 
time at which cumulative savings in energy costs, net of other future costs, are just sufficient to 
offset the initial investment cost. 
 
4.9.3.1  Each parameter has a different application.  For example, the TLCC is best for choosing 
among alternative designs for a new building, whereas the SIR is best for ranking retrofit 
projects. 
 
4.9.3.2  The National Institute of Standards and Technology (NIST) assists DOE in developing 
LCC methods and procedures.  NIST Handbook 135, “Life-Cycle Costing Manual for the 
Federal Energy Management Program,” is a valuable guide to understanding and applying LCC 
and related methods of economic analysis.  Another NIST publication, “Energy Prices and 
Discount Factors for Life-Cycle Cost Analysis,” provides an annual update of energy price and 
discount factor multipliers needed to estimate the present value of energy and other future costs.  
NIST also offers a computer program to calculate the life-cycle costs of capital investments in 
buildings and building systems that are intended to reduce future operating, maintenance, and 
energy costs. The Building Life-Cycle Cost (BLCC) computer program (Version 4.1) can be 
used to compute LCCs for different alternatives and compare alternatives for the lowest LCC or 
SIR.  More information on the BLCC computer program is provided in Appendix H. 
 
4.9.4 Economic Analysis for Discrete Projects in the CoF Program.  An economic analysis is 
required to support each Program Direct and Mission Support discrete project in the CoF 
Program, including those involving energy-efficiency improvements.  Economic analyses for 
discrete CoF projects must be prepared using the ECONPACK software package developed by 
the U.S. Army Engineering and Support Center, Huntsville, Alabama.  ECONPACK is a 
comprehensive economic analysis tool containing standardized life-cycle methodologies and 
calculations for evaluating a broad range of capital investments.  The package also provides a 
straightforward methodology for including the cost of cost of doing nothing, which must be 
included in all analyses to provide a common footing for establishing the economic value of 
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construction projects and the construction program as a whole.  The ECONPACK software 
package uses the prescribed procedures defined in OMB Circular A-94.  Appendix H contains 
information on how to obtain the ECONPACK software. 
 
4.10  The Audit Report 
 
4.10.1  At a minimum, the energy audit report should present the types of equipment and 
methodology used in the audit, energy consumption patterns, and potential areas for saving 
energy.  That information will be useful in the future for calculating actual energy savings 
achieved during the postinstallation metering and monitoring program.  Preparing reports takes 
time, but it is necessary to get the full potential from the energy audit and ensure that good 
energy-efficiency projects are implemented. 
 
4.10.2  An important function of the energy audit report is to inform decision makers about areas 
of potential energy efficiency savings and to convince them to allocate the necessary resources to 
implement energy efficiency projects.  The energy audit report should include, at a minimum, the 
following: 
 
a.  Facility Description:  products or services, and materials flow; size, construction, facility 
layout, and hours of operation; equipment lists, with specifications. 
 
b.  Energy Bill Analysis:  utility rate structures; tables and graphs of energy consumption and 
costs; discussion of energy costs and energy bills. 
 
c.  Potential Energy Conservation Measures (ECM):  descriptions; cost and savings analysis; 
economic evaluation. 
 
d.  Action Plan:  recommended ECM’s and an implementation schedule; designation of an 
energy monitor and ongoing program. 
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CHAPTER 5.  Efficient Facilities Operations and Maintenance (O&M) 
 
 
5.1  Facilities Maintenance 
 
5.1.1  Maintenance is one of the most cost-effective methods for ensuring energy conservation. 
Inadequate maintenance of energy-using systems is a major cause of energy waste in both the 
Federal and private sectors. Energy losses from leaks, uninsulated lines, maladjusted or 
inoperable controls, and other losses from poor maintenance are often considerable. Good 
maintenance practices can generate substantial energy savings. Also, improvements to physical 
plant maintenance programs can often be accomplished immediately and at a relatively low 
cost. 
 
5.1.2  Sophisticated modern heating and cooling systems require ongoing, comprehensive 
maintenance for peak operating efficiency.  Not only is maintenance necessary for existing 
systems, it is essential to sustain the savings gained from new energy conservation projects.  The 
concept of continuous commissioning, involving continual surveillance of a building’s energy 
performance relative to its as-designed performance level, is gaining acceptance as a way to 
ensure peak efficiency over the facility’s operating life. 
 
5.2  Facilities Operations 
 
5.2.1  Section 101-20.107, Energy Conservation, of the Federal Property Management 
Regulations (41 CFR Part 101) provides energy conservation standards for the operation of 
Federal buildings.  These standards include guidelines on lighting intensities, heating and 
cooling ranges, and ventilation levels.  Some organizations that are available to assist in 
promoting energy efficiency in Federal buildings are identified in Appendix E. 
 
5.3  O&M Checklist 
 
5.3.1  Simple O&M practices can achieve immediate energy cost savings with little or no capital 
investment.  Appendix I provides a comprehensive checklist of low/no cost energy saving 
opportunities by major systems.  
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CHAPTER 6.  Energy-Efficient Technologies 
 
 
6.1  Technology Characteristics 
 
6.1.1  Energy-efficient technologies enable significant energy savings, prevent pollution, and 
reduce waste without compromising the quality of performance.  Several Federal programs have 
been implemented to foster the deployment of energy-efficient technologies and educational 
support to ensure technology acceptance.  The Federal programs are described in Appendix J. 
 
6.1.2  The following briefly describes measures that have proven effective in achieving energy, 
economic, and environmental benefits in commercial and industrial facilities.  Additional 
technologies are discussed in Chapter 7, Renewable Energy Technologies.  
 
6.2  Building Envelope 
 
6.2.1  General.  A building's envelope consists of exterior walls, windows, doors and other 
openings, roof, and exposed floors.  The manner in which it responds (thermal performance) to 
climatic influences is determined by factors such as orientation on the site, building size and 
shape, exterior surface properties, insulation, caulking and weather stripping, thermal mass, and 
the type and location of glazing.  All these factors affect energy consumption differently in 
summer and winter and, in both seasons, their effect depends upon the mode of heating and 
cooling system operation. 
 
6.2.2  Insulation.  Insulating materials are poor conductors of heat; therefore, they slow the rate 
of conduction heat loss or heat gain in a building.  Insulation can be added to exterior walls, roof, 
and floors exposed to outside elements to reduce the heat flow through these elements.  Various 
materials are used for insulation and are available in several different forms. The materials most 
commonly applied are glass fiber, rock wool, treated cellulose, vermiculite (pearlite), urea-
formaldehyde, polystyrene, and polystylene.  The most common forms are loose fill, blankets (in 
roll form), batts (a blanket cut to a predetermined length), rigid boards, and spray-on foams.  “R-
Value” rates insulation materials; the higher it is, the better the material resists heat flow. R-
value varies, based on the type of insulation and thickness involved. 
 
6.2.3  Efficient Windows and Shading Devices.  Windows have a major effect on building 
energy use for space heating and cooling due to transmission, solar gain, and air infiltration.  
Further discussion on window treatments and shading devices can be found in Chapter 7, 
Renewable Energy Technologies. 
 
6.3  Heating, Ventilating, and Air-Conditioning (HVAC) 
 
6.3.1  General. When acquiring energy-using products, including HVAC equipment, Federal 
agencies are required to select ENERGY STAR® products and products that are in the upper 25 
percent of energy efficiency where cost-effective.  ENERGY STAR® and other Federal product 
efficiency recommendations are maintained on the DOE Federal Energy Management Program 
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(FEMP) Web site at http://www.eren.doe.gov/femp/procurement/begin.html#bottom.  When 
specific product efficiency recommendations are not available, the prescriptive standards 
established in 10 CFR 435 should be followed.   
 
6.3.2  Efficiency Metrics.  Equipment efficiency is described as the ratio of useful energy to 
supplied energy.  For cooling equipment, common efficiency metrics are Coefficient of 
Performance (COP) and Energy Efficiency Ratio (EER).  The COP is the dimensionless ratio of 
the cooling capacity of the unit divided by the mechanical, electrical, or thermal input energy.  
The EER is the cooling capacity (in Btu/hour) of the unit divided by the input energy (in watts) 
(EER=3.41* COP).  Cooling equipment efficiency may be specified by using a single value at 
full-load conditions or a weighted average of efficiency measurements at various part-load 
conditions, known as the Integrated Part-Load Value (IPLV).  For heat pumps, COP is used as 
the heating cycle efficiency metric, and EER is used as the cooling cycle efficiency metric.  In 
some cases, heat pump seasonal efficiency is specified using a Heating Seasonal Performance 
Factor (HSPF) and a Seasonal Energy Efficiency Ratio (SEER).  HSPF is the total heating output 
(in Btu) provided by the unit during its normal annual usage period for heating, divided by the 
total energy input (in watt hours) during the same period.  SEER is the total cooling output (in 
Btu) provided by the unit during its normal annual usage period for cooling, divided by the total 
energy input (in watt hours) during the same period.  For boilers, the common efficiency metric 
is thermal efficiency, also known as boiler efficiency or overall efficiency.  Thermal efficiency, 
specified as a percentage, is the boiler’s energy output divided by energy input.  Thermal 
efficiency accounts for radiation and convection losses through the boiler’s shell, as well as 
combustion efficiency. 
 
6.3.3  Electric Chillers.  Electric chillers are used in 95 percent of all medium to large buildings 
that rely on central cooling plants to cool water, brine, or other refrigerant liquid for air-
conditioning purposes. Electric chillers consist of a compressor, liquid cooler (evaporator), 
condenser, compressor drive, refrigerant flow-control device, and a control center.  Conventional 
electric chillers use one of four types of compressors: reciprocating, centrifugal, screw, and 
scroll. 
 
6.3.3.1  Heat-Recovery Chillers.  A heat-recovery chiller is similar to a conventional chiller, 
except that two circuits are available in the condenser for rejecting heat.  While one circuit is 
used for the conventional means of rejecting heat (e.g., cooling tower), the second circuit is used 
to provide space heating or service water heating.  Full-load COP’s of heat-recovery chillers are 
generally less than those of conventional centrifugal chillers.  This penalty in chiller energy 
consumption, however, can usually more than offset consumption by avoiding heat costs.  Heat-
recovery chillers are for buildings having a substantial portion of operating hours involving 
simultaneous heating and cooling and where internal heat gains are large enough to contribute to 
meeting most of the heating requirements of perimeter zones, such as buildings with large 
computer installations.  For some buildings, the amount of heat recovered during occupied hours 
may exceed daytime heating requirements of perimeter zones, thus the excess heat can be stored 
for later use during unoccupied hours. 
 
6.3.3.2  Non-CFC Options.  Under an international agreement to protect the ozone layer, CFC’s 
(chlorofluorocarbons) are no longer produced since 1995.  Owners of older chiller units must 
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plan for conversion to alternatives.  Such planning entails access to objective information.  EPA, 
which is responsible under the Clean Air Act for evaluating substitute refrigerants, is one such 
source and offers fact sheets, contact lists, and a hotline for assistance.  The CFC phaseout 
represents an opportunity to make cost-effective energy efficiency upgrades to reduce overall 
costs of chiller replacement or conversion.  It is possible to minimize the costs for such 
replacement or conversion and to maximize energy savings by taking advantage of the 
interactions between building loads, the air and water distribution systems, and the chiller plant 
by first reducing building cooling loads through energy-efficient lighting and office equipment 
retrofits. 
 
6.3.3.3  CFC Replacement Options.  Alternatives are available commercially to replace CFC’s in 
chiller applications.  For CFC-11 chillers, HCFC-123 is an acceptable alternative; for CFC-12 
chillers, HFC-134a can be used.  An important element of conversion planning is to determine 
whether to replace a CFC chiller or to retrofit it.  The best candidates for replacement are usually 
chillers more than 15 years old.  Chillers made in the 1970’s and early 1980’s are much less 
efficient.  In many capacity ranges, there are at least four or five different systems to consider.  
EPA has evaluated systems based on refrigerants HCFC-123, HCFC-22, and HFC-134a, along 
with ammonia and gas-absorption chillers.  All have been determined to be acceptable 
alternatives to CFC chillers.  System conversions may require changes to the current ventilation 
and safety features of equipment rooms to meet revised American National Standards Institute 
(ANSI)/ASHRAE Standard 15-1992.  Since ammonia is considered a toxic and reactive highly 
hazardous chemical which presents a potential for a catastrophic event, ammonia-based cooling 
systems must comply with the process safety management standards of 29 CFR 1910.119 and 
the Risk Management Plan requirements of the Clean Air Act, Section 112 (r).   
 
6.3.4  Absorption Chillers.  Absorption chillers use heat energy instead of mechanical energy to 
provide refrigeration, so they can be powered by lower cost fuel or waste heat.  Heat required for 
the chiller is typically provided by steam or hot water from a boiler or combustion turbine, but 
also can be provided by an integral, direct gas-fired heater.  Absorption chillers require larger 
cooling towers than electric chillers because they must reject the cooling load plus the input heat 
to drive the process.  Two types of absorption chillers are commercially available: single- and 
double-effect systems.  In double-effect systems, higher temperature heat drives the first stage or 
effect, and heat off the first stage is used to drive a second stage or effect, increasing the overall 
efficiency.  Single-effect chillers have typical thermal COP’s of around 0.7; double-effect 
chillers have thermal COPs of about 1.1.  
 
6.3.5  Unitary and Applied Packaged Air-Conditioning Equipment 
 
6.3.5.1  Unitary and applied packaged air-conditioning equipment is commonly used in low-rise 
commercial buildings. They are available in three different types of configurations: single-
packaged units, split system units, and packaged-terminal air-conditioners, described below: 
 
a.  Single-packaged units can be installed on the floor or roof in both horizontal and vertical 
position. The horizontal roof-mounted unit, the most popular single-packaged unit, distributes air 
to interior space through a system of ducts.  
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b.  Split system cooling units consist of an outside condenser and an inside evaporator 
interconnected by refrigerant tubing and a thermostat. The outside unit accommodates the 
controls, compressor, fan, and condenser coil. The inside unit, containing the fan, filter, and 
cooling coil, distributes air to interior space through a system of ducts.  
 
c.  Packaged-terminal air-conditioners consist of a packaged heating section and cooling chassis 
housed in a cabinet and wall box. A typical installation of this unit is a through-the-wall air-
conditioner. 
 
6.3.5.2  Single-packaged and split system units are available in cooling capacities ranging from 3 
to 140 tons. Packaged-terminal air-conditioners range in cooling capacities from 0.5 to 1.5 tons. 
All units provide years of highly reliable service and often outlast their rated lives, typically 15 
years. 
 
6.3.6  Heating Equipment   
 
6.3.6.1  Boilers.  Natural gas- and oil-fired steam and hot water boilers are common in individual 
building and central plant applications.  A boiler system should be capable of meeting peak 
heating demand while also operating efficiently at part-load conditions.  Proper sizing and 
selection of a boiler system requires a knowledge of the peak heating load, as well as load 
profile.  If heating loads are highly variable, multiple modular boilers should be considered.  
Modular systems are more efficient because they allow each boiler to operate at or close to full 
rated load most of the time, with reduced standby losses.  Other efficient options for handling 
variable building loads are modulating boilers, which can run at partial capacity (instead of 
cycling on and off), and condensing boilers.  There is a broad array of options in boiler 
equipment and controls that can enhance energy performance.  Air preheaters and economizers 
can recover stack gas heat.  Blowdown heat exchangers can be used to preheat boiler make-up 
water.  Outside air temperature controls can control hot water supply loop temperature in 
accordance with outside temperatures.  Automatic oxygen “trim” controls can maintain optimum 
air-fuel ratio across the entire boiler operating range.   
 
6.3.6.2  Furnaces. Natural gas- and oil-fired furnaces are used to heat supply air directly in small 
buildings.  Modern gas-fired furnaces with forced-draft chimneys and heat exchangers can 
achieve efficiencies of 95 percent or more for gas-fired models and 85 percent or more for oil-
fired models, in contrast to about 62 percent for older furnaces.  
 
6.3.6.3  Heat Pumps.  Heat pumps use the refrigeration cycle to both heat and cool, thereby 
eliminating the need for separate heating and air-conditioning systems.  Air-to-air heat pumps 
are the most common, but air-to-water, water-to-air, and water-to-water heat pumps are also 
available.  Heat pumps can be highly efficient in the heating mode; COP’s of 3 or more are 
common.  Air-to-air heat pumps are best suited for mild winter conditions.  As outdoor 
temperatures approach freezing, COP drops significantly, and supplemental electric resistance 
heating must be used.  Frequent use of supplemental electric resistance heating can increase 
overall operating cost and offset the heat pump’s inherent efficiency advantage.  Ground water-
source heat pumps tend to maintain their efficiency advantage in cold climates because ground 
temperature remains relatively warm and constant throughout the year. 
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6.3.6.4  Electric Resistance.  Electric resistance heating is the most inefficient form of heating 
when the total fuel-to-electricity generation, transmission, and distribution cycle is taken into 
account.  However, electric resistance heating units are relatively inexpensive to install and are 
easily controlled.  It can be the most cost-effective choice over the life-cycle when heating is 
required infrequently. 
 
6.3.7  Air Filtration.  Air filtration is an important component of virtually all HVAC systems.  
Filters should be selected on the basis of the percent efficiency of filtration required, initial cost, 
and ease of maintenance.  Air filters may be disposable or a reuseable type with either dry or 
viscous media.  In some applications, a prefilter or roughing filter, is used to extend the life of 
higher efficiency filters located downstream.  Filters are commonly located where air enters the 
HVAC system in order to protect coils and other heat transfer surfaces to maintain higher 
efficniency operation.  Since filters have a direct effect on airflow resistance and energy 
consumption, filters must be carefully selected for the intended application and regularly 
serviced. 
 
6.3.8  Economizer Controls 
 
6.3.8.1  Economizer controls on air handling units minimize the energy used for mechanical 
cooling by using cool outside air when available.  The two most common types of economizer 
controls used are dry-bulb and enthalpy-based controls.  The choice between one of these two 
types of controls should be based on economics.  For example, if periods of high humidity 
seldom occur, the additional expense of an enthalpy economizer will not be cost-justified. 
 
6.3.8.2  Economizer controls should be integrated with the mechanical cooling (leaving air 
temperature) controls so that mechanical cooling is only operated when necessary and so that 
supply air is not overcooled to a temperature below that desired.  The systems and controls 
should be designed so that economizer operation does not increase heating energy use.  For 
instance, a single-fan, dual-duct system that uses the same mixed air plenum for both heating and 
cooling supplies should not be used. 
 
6.3.9  Cool Storage 
 
6.3.9.1  Cool storage permits the production of chilled water or ice during off-peak hours, such 
as nighttime or on the weekdays, for use at other designated times.  This allows cooling 
equipment to run at off-peak periods when electricity costs are lower, requires less installed 
equipment capacity to meet peak cooling loads, and may increase overall energy efficiency by 
allowing cooling equipment to operate at or near full-load conditions most of the time.  A full 
storage system can meet all of a building's cooling needs, particularly those buildings that create 
short on-peak cooling cycles, demanding less available ice or chilled water storage for cooling.  
In partial storage systems, stored water or ice and a compressor share the task of meeting peak 
cooling requirements.  Although these systems run more continuous hours than full storage 
systems, they cost less to install and require less storage capacity. 
 
6.3.9.2  Partial storage systems level the building's electrical demand for cooling throughout the 
day by supplying part of the building’s peak period cooling needs from storage.  Storage 



  

 42

capacity is sized such that the parallel operation of storage and refrigeration equipment meet 
peak design day cooling needs. 
 
6.3.9.3  Three types of cool storage systems are common: ice storage, chilled water storage, and 
eutectic salt storage, described below: 
 
a.  Ice storage systems can be categorized as either static or dynamic systems. The most common 
static system is the ice-on-coil, in which ice is formed on an evaporator surface. Another static 
system pumps a water/glycol solution from the evaporator to the storage tanks during the 
charging cycle, freezing water around mats of closely spaced plastic tubes that act as a heat 
exchanger. In dynamic systems, water from the storage tank is run over refrigerant plates or 
tubes suspended above the tank and ice sheets form. Then hot refrigerant is periodically passed 
through the plates for a few seconds, causing the ice sheet to break up and fall into the tank 
below.  Ice storage systems require less storage volume than chilled water storage systems of 
equivalent storage capacity.  This can reduce storage tank costs and may be a better choice for 
applications with equipment space restrictions.  However, they require special low-temperature 
chillers that may have higher initial and operating costs. 
 
b.  Chilled water storage systems are identical to conventional chilled water systems, except for 
the addition of a supplemental storage tank. These systems supply cold water by pumping water 
through cooling coils and discharging it to where it is needed. Supply or returning water can be 
separated by either a thermocline (or rubber diaphragm) or by different storage tanks.  Chilled 
water storage systems require more storage volume than ice storage systems of equivalent 
storage capacity.  However, they can be more energy-efficient and easier to integrate with the 
main HVAC system. 
 
c.  Eutectic salt storage system uses a special solution (of sodium sulfate, water, and nucleating 
and stabilizing agents) in conjunction with conventional equipment to chill water.  These 
systems provide the largest amount of energy storage per unit volume but are more costly than 
either ice or chilled water storage systems.  
 
6.3.10  Flywheel Effect 
 
6.3.10.1  The actual cooling load in a building is a function of time and of the "flywheel effect” 
of the building and its contents.  Just as an engine flywheel stores rotational kinetic energy 
during engine speed peaks and releases it as speed is reduced to smooth out the performance of 
reciprocating engines, so does the mass of a building absorb and store heat during the hot part of 
the day, releasing it hours later when the ambient temperature is lower.  Similarly, the building's 
structural mass can also absorb cooling for later release. 
 
6.3.10.2  This principle can be used effectively in design of buildings in areas where diurnal 
temperature swings and humidity levels permit.  Judicious coupling of air distribution systems 
and building structural mass can accomplish nighttime precooling accomplished in order to 
reduce the requirement for daytime mechanical cooling. 
 
6.3.11  Direct Evaporative Coolers 
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6.3.11.1  Direct evaporative coolers are ideally suited for areas with hot dry climates.  They 
operate by evaporating cold water into an air steam, and they operate best when there is a 
difference of at least 18 degrees between the outdoor wet-bulb and dry-bulb temperatures.  
Further discussion on evaporative coolers can be found in Chapter 7, Renewable Energy 
Technologies. 
 
6.4  Lighting 
 
6.4.1  General.  Lighting accounts for a significant portion of energy usage in almost all 
buildings, and it is the primary source of energy consumption in many buildings.  Lighting also 
adds to the internal heat gain in buildings which increases cooling loads and costs.  While it is 
important to minimize the overall energy consumed for lighting, good lighting design should 
also consider the lighting’s functional criteria and should balance quantity and quality concerns.  
Factors such as the nature of tasks to be performed, angles of view, ages of workers, 
architectural limitations, local codes, future requirements, and economic considerations need to 
be taken into account.  Lighting system components include lamps, ballasts, luminaires, and 
controls.  When choosing a lighting system for a particular facility, all of these components 
should be considered according to ways they can work together to provide the most effective 
system for the needs of the building occupants.  Recommended lighting standards are published 
by the Illuminating Engineering Society (IES). 
 
6.4.2  Lamps.  The most common lamps used for commercial applications are incandescent, 
fluorescent, mercury vapor, metal halide, high-pressure sodium, and low-pressure sodium.  All 
lamps, except incandescent, operate on a gas-discharge principle, where light is produced by the 
passage of an electric current through a vapor or gas.  (Incandescent lamps convert power to 
light by heating a tungsten filament until it glows with white heat.)  Gas-discharge lamps require 
ballast to control the amount of voltage and current supplied to the lamp.  Mercury vapor, metal 
halide, and high-pressure sodium lamps are referred to as High-Intensity Discharge (HID) lamps.  
Each is discussed below in order of increasing efficacy or efficiency in terms of lumen output 
per watt input. 
 
6.4.2.1  Incandescent Lamps.  Incandescent lamps have a low initial cost and good color-
rendering properties, but they typically have the shortest life of all lamps and are the least 
efficient with efficacies in the range of 5 to 20 lumens per watt.  The use of these lamps should 
be restricted to situations when more efficient lamps cannot attain the desired color, lumens, or 
distribution characteristics.  Newer incandescent lamps with efficacies of 15 to 25 lumens per 
watt have been introduced which use tungsten-halogen capsule technology.  These can be used 
instead of higher-wattage incandescent lamps without loss of light output or rated life.  They are 
used for general lighting, spot and floodlighting, reflector applications, and accent lighting.  New 
energy-efficient Parabolic Aluminized Reflector (PAR) lamps employ a two-piece glass 
enclosure to achieve significantly better beam control than the older single-piece reflector R-
style lamps used in spotlight and floodlight applications.  PAR halogen capsule reflector lamps 
have also been introduced, which produce a more brilliant and efficient white light than any 
other lamps of comparable size.  Utility incentives are usually not offered for incandescent 
lamps. 
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6.4.2.2  Fluorescent Lamps.  Fluorescent lamps are fairly efficient with efficacies in the range of 
60 to 100 lumens per watt.  They can be tubular, U-shaped, circular, or double-folded.  They 
utilize one of three circuit types: preheat, rapid-start, and instant-start. Preheat/rapid-start 
ballasts, which can operate on either preheat or rapid-start circuits, are the most common.  
Lamps on preheat circuits require a few seconds to illuminate after activation.  Lamps on rapid-
start circuits require less time to illuminate because they have continuously heated low-
resistance cathodes, which start up quickly.  Instant-start lamps require no preheating because 
they use ballast, which provides a high starting voltage (400 to 1,000 V) to the cathodes.  Two 
groups of fluorescent which are smaller and more efficient than standard fluorescent lamps are 
T-8 lamps and compact fluorescent.  T-8 lamps are available in straight tubes of 2, 3, 4, or 5 feet, 
and U-tubes of 10.5, 16.5, or 22.5 inches.  T-8s are only 1 inch in diameter as opposed to 1.25 
inches, the diameter of a standard fluorescent lamp.  Compact fluorescent lamps are widely 
available as a direct replacement for less efficient incandescent lamps in many applications.  
They have efficacies of 20 to 80 lumens per watt, depending on size.  
 
6.4.2.3  Mercury Vapor Lamps.  Mercury vapor lamps are often used in outdoor locations, as 
they contain an outer envelope made of a hard glass such as borosilicate, which is resistant to 
cracking during cold weather.  The lamp's inner envelope, which contains the arc, is made up of 
fused silica. In mercury vapor lamps, some input energy is converted to ultraviolet radiation 
inside the outer envelope.  It is important, therefore, to replace lamps with cracked or broken 
outer envelopes immediately, or preferably, to replace the entire mercury vapor lighting system 
with a more energy-efficient type.  Mercury vapor lamps come in a variety of shapes, and they 
are either standard or self-ballasted.  Self-ballasted lamps can often be used in incandescent 
fixtures, where they have about the same efficiency as incandescent lamps, in the range of 25 to 
50 lumens per watt, but have much longer lives.  
 
6.4.2.4  Metal Halide Lamps.  Metal halide lamps are available in shapes similar to those of 
mercury vapor lamps, and they are used in generally the same applications.  The differences 
between these two lamps lie inside the inner envelope.  Metal halide lamps contain mercury and 
metal halides.  As the metal halide is heated, it dissociates into halogen and metal (which 
radiates light).  Metal halide lamps are also 1.5 to 2 times as efficient as mercury vapor lamps, 
with efficacies of 45 to 100 lumens per watt, and have better color-rendering properties.  Some 
can even be used instead of incandescent lamps.  The drawback to these lamps is that they are 
sensitive to temperature and many cannot operate below 50°F. 
 
6.4.2.5  High-Pressure Sodium Lamps.  High-pressure sodium (HPS) lamps have an outer 
envelope of borosilicate glass and an inner envelope of alumina.  They use xenon as a starting 
gas and a high-voltage high-frequency pulse for starting.  Some HPS lamps use a neon/argon 
mixture as a starting gas which allows them to produce the same amount of light as a mercury 
vapor lamp using less energy.  Efficacies range from 45 to 110 lumens per watt.  Such lamps can 
be used in certain mercury vapor fixtures. 
 
6.4.2.6  Low-Pressure Sodium Lamps.  Low-Pressure Sodium (LPS) lamps have the highest 
efficiency, with efficacies up to 200 lumens per watt and the poorest color-rendering properties 
of all lamps.  Their light output is almost totally in the yellow region of the visible spectrum, 
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causing everything they illuminate to appear yellow or gray.  These lamps are often used 
outdoors for security lighting or in warehouses where color discrimination is not important.  LPS 
lamps are composed of an outer tube and an arc tube, which is enclosed in a vacuum to keep the 
operating temperature at 500°F.  The lamps come in two shapes, hairpin and linear. 
 
6.4.3  Ballasts 
 
6.4.3.1  Electronic (or high frequency) ballasts, which operate between 25,000 and 55,000 cycles 
per second, have about the same life as newer electromagnetic ballasts.  Their higher initial cost 
is offset by increased efficiency, which results in energy savings.  Also, the same number of 
lamps sometimes require fewer electronic ballasts than would be needed if using electromagnetic 
ballasts.  Electronic ballasts are often used in conjunction with electronic dimming controls to 
provide the desired amount of lighting at different times of day.  Some electronic ballasts may 
cause Electromagnetic Interference (EMI) which can disrupt other electronic systems. 
Manufacturers of different types of ballasts would be most knowledgeable about their features 
and should be consulted about this and other concerns. 
 
6.4.3.2  Federal regulations established in 1988 apply to all ballasts manufactured on or after 
January 1, 1990, and to all ballasts sold by manufacturers on or after April 1, 1990, and to all 
ballasts incorporated into luminaire on or after April 1, 1991.  These regulations forbid the use of 
“standard” electromagnetic ballasts and require the use of high-efficiency, energy-saving 
electromagnetic or electronic ballasts. 
 
6.4.4  Lamps and Ballast Disposal.  Lighting retrofits will involve the disposal of lamps and 
ballasts.  Due to the mercury content of fluorescent lamps and the PCB content of ballasts, 
special handling is required.  40 CFR 761 and the Comprehensive Environmental Response, 
Compensation and Liability Act of 1980 (CERCLA) contain regulations on the proper disposal 
of PCBs and other hazardous waste.  Each State has varying regulations and standards for the 
removal, handling, and disposal of hazardous waste.  It is best to contact the local hazardous 
waste agency for proper instructions.  Additional information is provided in Appendix K.  
Environmentally preferable fluorescent lamps, containing lower concentrations of mercury, have 
recently become commercially available.  In some areas, regulatory agencies do not require these 
low mercury lamps to be managed as hazardous wastes, thereby reducing disposal costs. 
 
6.4.5  Exit Lights.  Conventional incandescent exit lights typically consume 25 watts per face.  
Light-Emitting-Diode (LED) exit signs are available that consume less than 2 watts per face. 
Compact fluorescent lamps that consume 5 watts per face are also available.  LED exit signs cost 
more initially but last 10 years or more and require no maintenance.  Self-luminous signs that do 
not require electricity or batteries for illumination are available, but they contain tritium gas, a 
low-level isotope of hydrogen.  Tritium powers the luminosity of the tube in the same process 
that takes place within a television tube. Tritium signs are not recommended because of potential 
disposal liability issues. To ensure adequate visibility, exit signs must meet or exceed visibility 
guidelines established by the National Fire Protection Association (NFPA) Life Safety Code 
101, and other applicable building code requirements.  Retrofitting existing exit signs may be 
more economical than replacing entire signs, but proper installation is vital to ensure adequate 
visibility.  
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6.4.6  Lighting Controls.  Automatic controls have proven to be the most cost-efficient means of 
controlling a lighting system.  They enable building occupants to have light only when and 
where it is needed, thereby eliminating energy waste.  They are also much more reliable than 
manual controls because they are not dependent on human memory, and they can work 24 hours 
a day, 365 days a year.  Automatic controls include daylight-sensing controls, photosensor-
activated dimmers, photosensor/time switch controls, occupancy sensors, and centralized 
programmable lighting controls, discussed below. 
 
6.4.6.1  Daylight sensing controls, long used for outdoor night lighting, are becoming 
increasingly prevalent in indoor lighting applications.  These controls contain photosensors that 
cause the lights to turn on when ambient lighting falls below a set level.  In some lighting 
systems, one or a few photosensors control all luminaires; in others, each luminaire contains a 
photosensor. 
 
6.4.6.2  Photosensor-activated dimmers can provide gradual increases or decreases in lighting 
output so that uniform illumination is provided at all times, thus optimizing energy savings. They 
can be used with fluorescent, incandescent and mercury vapor lighting.  Some can be used with 
standard lamps and ballasts while others require dimming ballasts.  Photosensors are connected 
to a remote dimming device which adjusts the waveform of the power supplied to the luminaires, 
increasing or decreasing their light output as needed.  Photosensor-activated dimmers are most 
commonly used in areas with available daylight and for lumen depreciation compensation.  
When used in combination with daylighting, these controls can maintain the designed 
illuminance by providing electric illumination when needed.  A variation of a daylight sensing 
control is a photosensor/time switch control.  A control of this type can be set to deactivate 
lighting during certain hours and activate lighting based on the amount of daylight available 
during other times. 
 
6.4.6.3  Occupancy sensor controls are used to activate or deactivate lighting based on the 
presence of people.  Occupancy sensors can be integrated with local HVAC units, dimmers, 
and/or security systems.  Four types are used: ultrasonic controls, which sense motion; passive 
infrared controls, which detect infrared energy (heat); active infrared controls, which transmit 
and receive beams and detect changes in reflected light; and acoustic controls, which detect 
sounds within a certain frequency.  Also available and frequently used by NASA Centers are 
hybrid sensor that combine ultrasonic and infrared controls for improved accuracy. 
 
6.4.6.4  Centralized programmable controls offer the most comprehensive automatic control 
available.  They are used to control lighting (and other systems) in an entire building.  These 
controls can be operated from one central computer or through distributed processing, and they 
can integrate building systems and control loads automatically, based on occupancy, time of day, 
and other variables.  Most are also equipped with manual overrides so individuals can activate or 
deactivate lighting. 
 
6.5  Service Water Heating 
 
6.5.1  Several high-efficiency options are available for service water heating. These include 
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high-efficiency conventional, gas, oil, and electric resistance storage water heaters, demand-
controlled storage water heaters, electric off-peak storage water heaters, tankless water heaters, 
and heat pump water heaters, described below. 
 
6.5.1.1  Storage water heaters are commonly used in commercial buildings. Components include 
a storage tank (lined with high-temperature glass to resist corrosion), burners or immersion-
resistance heating elements (used in multiples of 15 kilowatts (kW) for large units and 12 kW for 
smaller units), and controls (thermostatic and shut-off).  Gas and oil storage water heaters can be 
60-percent efficient or higher on an annual basis in terms of hot water delivered, compared with 
energy consumed.  Electric storage water heaters can be 92-percent efficient or higher.  Storage 
water heaters can be used individually or in multiples when faster recovery rates are needed.  
 
6.5.1.2  Demand controlled storage water heaters contain demand controllers that operate on the 
principle that a building's peak electrical demand exists for a short period during which heated 
water can be supplied from storage rather than continuing electrical demand for hot water 
recovery.  Avoidance of electrical use for service water heating during peak demand periods 
allows water heating at the lowest electric energy cost in many electric rate schedules.  The 
essential functions of load detection and control involve sensing the building electrical load and 
comparing it with peak demand data.  When the load is below peak demand, the device allows 
the water heater to operate.  Some controllers can program deferred loads in steps as capacity is 
available.  This priority sequence may involve each of several banks of elements in a water 
heater or multiple water heaters. 
 
6.5.1.3  Electric off-peak storage water heaters employ a load management strategy, whereby 
electrical demand to the water-heating system is controlled in relation to time, primarily the 
utility electrical load profile.  This concept usually requires an increase in tank storage capacity 
to accommodate water use during peak periods. 
 
6.5.1.4  Tankless water heaters are available for applications with light or infrequent hot water 
usage.  These units do not incorporate a storage tank and have high-capacity heaters to instantly 
heat water as hot water faucets or other delivery devices are opened.  These units are cost-
effective for adding hot water to new spaces where existing hot water piping is not readily 
accessible.  They also eliminate stand-by heat loss but have significantly higher electrical 
demand than an equivalent storage water heater. 
 
6.5.1.5  Heat Pump Water Heaters (HPWH) can perform the dual function of heating water and 
providing space cooling and dehumidification.  They are ideally suited for areas which have 
year-round cooling requirements coupled with a need for hot water.  HPWH’s are generally heat-
only, air-to-water heat pumps, which can heat water to about l40°F.  They are very energy 
efficient, partly because they use heat available from the indoor environment and so require less 
heating energy.  HPWH’s are about three times more efficient than conventional electric water 
heaters and four to six times more efficient than conventional gas water heaters.  
 
6.6  Electric Power 
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6.6.1  General.  Electricity is the principal source of energy used in commercial buildings.  The 
amount of electric energy used within a building is greatly affected by the design and 
characteristics of the electrical power distribution system, transformer losses, and efficiency of 
the end use equipment.  
 
6.6.2  Transformers.  Transformers are most commonly installed to reduce utility distribution 
voltage to a voltage usable within the building or to reduce building distribution voltage to the 
level required by specific equipment.  The efficiency of most modern transformers range from 93 
percent to 98 percent.  The transformer losses occur in the form of core (magnetizing), and 
winding (resistance) losses.  
 
6.6.2.1  Transformers are available in many temperature-rise classifications.  The lower the 
temperature-rise rating, the lower will be the winding losses due to the larger conductors used in 
the winding.  The usual temperature-rise rating for dry-type are 80°C, 115°C, and 150°C.  The 
80°C rise transformer should be selected for greater efficiency.  Transformers with lower heat 
rise ratings also have longer life expectancy, which may offset the higher cost (about 10 percent) 
of selecting them. 
 
6.6.2.2  The cooling and insulating medium employed can generally differentiate transformers.  
In terms of insulating and cooling media, the most commonly specified transformers are oil-
filled, nonfire-propagating liquid-filled, ventilated dry-type, sealed dry-type, cast coil-type, and 
totally enclosed nonventilated dry-type. 
 
6.6.2.3  Traditional silicon steel core distribution transformers inherently suffer energy losses 
caused by magnetic friction in their metal cores.  Amorphous metal core distribution 
transformers offer a solution to this problem.  The cores of these transformers are fabricated 
from ribbons of amorphous metal alloy.  Because the crystals in the ribbons are randomly 
oriented rather than bound into a crystalline lattice, transformer cores made from the material 
reduce core energy losses 60 to 70 percent. 
 
6.6.3  Electric Motors.  Electric motors convert electrical energy into mechanical energy.  They 
are generally classified by their horsepower (hp) ratings, which is the product of the motor's 
torque and speed. Motors with a hp rating of less than 1 are classified as fractional hp motors; 
those of 1 or more are classified as integral hp motors.  There are many different types of motors 
within each of the two general classifications, providing differences in torque, speed, and method 
of control. 
 
6.6.3.1  Both Alternating Current (AC) and Direct Current (DC) motors are available, but in 
commercial applications, AC motors are most commonly used.  The most popular of the AC 
motors in use is the polyphase squirrel-cage induction motor.  It is simple, rugged, has a 
relatively low initial cost, and requires little maintenance. 
 
6.6.3.2  Energy-efficient motors can be applied virtually anywhere a standard motor would 
otherwise be used for fans,, pumps used with HVAC systems, and for refrigeration compressors 
and fans.  Energy-efficient motors, nonetheless, must be carefully applied to loads that are 
sensitive to speed because they have lower slip values than standard units, and, thus, run closer 
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to synchronous speed.  
 
6.6.3.3  EPACT set minimum motor efficiency standards which were issued as final regulations 
by the Secretary of Energy in 10 CFR Part 431.  Electric motors manufactured alone or as a 
component of another piece of equipment shall have a nominal full load efficiency of not less 
than that indicated in Table 6-1. 
 

Nominal Full Load Efficiency 
Open Motors Enclosed Motors 

 
Number of Poles 

6 4 2 6 4 2 
Motor Horsepower/Standard Kilowatt Equivalent       
1/.75 ………………………………………...……... 80.0 82.5 -- 80.0 82.5 75.5 
1.5/1.1 ………………………………………...…… 84.0 84.0 82.5 85.5 84.0 82.5 
2/1.5 ……………………………………………..… 85.5 84.0 84.0 86.5 84.0 84.0 
3/2.2 ……………………………………………..… 86.5 86.5 84.0 87.5 87.5 85.5 
5/3.7 ……………………………………………..… 87.5 87.5 85.5 87.5 87.5 87.5 
7.5/5.5 …………………………………………...… 88.5 88.5 87.5 89.5 89.5 88.5 
10/7.5 ……………………………………………… 90.2 89.5 88.5 89.5 89.5 89.5 
15/11 …………………………………………….… 90.2 91.0 89.5 90.2 91.0 90.2 
20/15 …………………………………………….… 91.0 91.0 90.2 90.2 91.0 90.2 
25/18.5 …………………………………………..… 91.7 91.7 91.0 91.7 92.4 91.0 
30/22 …………………………………………….… 92.4 92.4 91.0 91.7 92.4 91.0 
40/30 …………………………………………….… 93.0 93.0 91.7 93.0 93.0 91.7 
50/37 …………………………………………….… 93.0 93.0 92.4 93.0 93.0 92.4 
60/45 …………………………………………….… 93.6 93.6 93.0 93.6 93.6 93.0 
75/55 …………………………………………….… 93.6 94.1 93.0 93.6 94.1 93.0 
100/75 …………………………………………...… 94.1 94.1 93.0 94.1 94.5 93.6 
125/90 ………………………………………...…… 94.1 94.5 93.6 94.1 94.5 94.5 
150/110 ……………………………….…………… 94.5 95.0 93.6 95.0 95.0 94.5 
200/150 ……………………………………….…… 94.5 95.0 94.5 95.0 95.0 95.0 

 
Table 6-1.  Nominal Full Load Efficiencies 

 
6.6.4  Variable Speed Drives (VSD).  Many commercial applications involve part-load operation 
of equipment much of the time.  In such operations, speed control can provide both energy and 
dollar savings, since the brake hp varies as the cube of the speed.  Speed variation can be 
obtained either by interposing a variable-speed drive between the motor and the driven machine 
or by varying the speed of the motor.  VSD’s are electronic alternative motor controls for 
modulating load-control strategies.  VSD’s automatically control the speed of motors to match 
the required process operation.  VSD applications include motor-driven equipment such as 
pumps, fans, compressors, and chillers. 
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6.7  ENERGY STAR® Office Equipment 
 
6.7.1  ENERGY STAR® office equipment is designed to reduce waste energy by automatic 
power-down when not in use.  Personal computers, printers, fax machines, and copiers are 
usually turned on for nearly 24 hours a day with actual utilization only a few hours a day.  Office 
equipment contributes to space heat loads and consumes direct energy.  Although not as 
effective as turning equipment off completely when not in use, the power-down feature 
significantly reduces electricity consumption, thereby reducing the heat emitted.  Routine use of 
the power-down feature can also reduce the total building cooling load, which presents 
opportunities for HVAC system downsizing and compounded energy savings. 
 
6.7.2  Office equipment certified as ENERGY STAR® systems are identified by the ENERGY 
STAR® logo.  The EPA offers a detailed list of qualified products that is updated on a monthly 
basis.  The energy manager should ensure that energy-saving features are enabled on ENERGY 
STAR® office equipment. 
 
6.8  Energy Monitoring and Control Systems (EMCS) 
 
6.8.1  EMCS are used in all types of buildings to minimize energy use by automatically 
controlling the various energy intensive building systems.  Six basic components comprise a 
modern EMCS.  These components are a controller, communication link(s), modem(s), field 
panel(s), actuators, and sensors. They can be assembled in a variety of configurations.  As such, 
not all EMCS include all six of these components.  Minimum EMCS requirements for new 
Federal buildings are specified in 10 CFR 435. 
 
6.8.2  The basic EMCS control principles associated with energy conservation are the following: 
 
a. Operate equipment only when needed. 
 
b. Optimize efficiency of equipment operation through control strategies and logic, such as 
temperature setback, economizer cycles, and demand control. 
 
c. Optimize efficiency by providing visibility/alarm of equipment malfunction or failure. 
 
6.8.3  EMCS can be classified according to the number of control functions they can perform, 
the means of control, and the method of data communications.  Types of energy management 
systems, described below, include single-function, stand-alone multifunction microprocessor-
based, centralized multifunction microprocessor-based, centralized multifunction distributed-
intelligence, and fully distributed. 
 
6.8.3.1  Single-function systems are electromechanical devices, which sometimes are 
supplemented with pneumatic equipment.  A typical single-function EMCS has a time clock and 
controls only one function.  This function could be any of the following: economizer control, 
start/stop, optimal start/stop, supply temperature reset, or enthalpy control.  These systems are 
self-contained and located near the controlled equipment where control is through standard low-
voltage wiring. 
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6.8.3.2  Stand-alone multifunction microprocessor-based systems have the capability of 
performing several functions on 8 to 16 different energy-using systems.  The functions they can 
perform include electrical demand control, start/stop, optimal start/stop, temperature 
setback/setup, monitoring/alarm, and duty cycling.  These EMCS are limited in some respects; 
although microprocessor based, the operator cannot alter the programmed logic, and there is 
little or no operator or data management software.  The equipment is generally hardwired to the 
controller. 
 
6.8.3.3  Centralized multifunction distributed systems can control from 50 to 2,000 points 
located in more than one building by utilizing central computers.  These EMCS are capable of 
performing any or all energy management functions, operating with little or no human 
intervention.  They can be categorized even further by the size of the computer, type of operator 
interface, number of points that can be controlled, number of field panels, and available storage. 
 
6.8.3.4  Fully distributed systems may consist of one stand-alone microprocessor connected to a 
central computer, or several subsystems connected in a loop with or without a central computer. 
They can perform any combination of functions and have unlimited expansion potential, 
including any number of input/output ports for communication with sensors and actuators. In 
most cases, all applications software is located within the microprocessor, which allows for 
complete stand-alone operation. 
 
6.8.3.5  Direct Digital Control (DDC) is available with EMCS that employ distributed 
processing. It replaces conventional pneumatic control of HVAC valves and dampers.  Using 
electronic controls, rather than pneumatic controls, reduces energy costs by eliminating the need 
to supply clean, dry compressed air.  Another advantage is that DDC has a greater response 
speed over the conventional analog pneumatic controller.  These advantages are most evident on 
building control systems where single mode controllers are used.  Because DDC enables the user 
to maximize the operating efficiency of a building, operating costs can be significantly reduced. 
 
6.8.3.6  EMCS can aid in troubleshooting.  In a computer-controlled building, maintenance 
personnel use the computer to provide an initial evaluation prior to visiting the site to evaluate a 
problem.  For example, in responding to hot and cold calls, the maintenance technician can first 
examine the area of the complaint on the computer screen in an attempt to identify the source of 
the problem.  In some cases, the minimum air flow and the setpoint temperatures can be adjusted 
on the computer, and no visit to the site is required.  In other cases, the computer can be used to 
identify the source of the problem, and the technician can go directly to the site of the problem.  
This saves time as compared with the old method of troubleshooting that involved first visiting 
the site and then manually evaluating the possible causes of the problem. 
 
6.8.3.7  It is important for energy managers to support the use of EMCS systems and to monitor 
their use.  Once such systems are installed and programmed, the effectiveness of the 
programming should be reviewed periodically. For example, adjustments in temperature settings 
and schedules based on building occupancy or operational changes can provide significant 
energy savings. The energy manager should ensure that such periodic reviews are accomplished. 
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6.9  Waste Heat Recovery 
 
6.9.1  Heat energy that otherwise would be rejected to waste can be reclaimed and utilized 
through several different heat recovery systems, such as a heat pump, run-around systems, shell-
and-tube heat exchangers, rotary heat exchangers, heat pipes, double-bundle condenser systems 
and desuperheaters.  Their use can significantly reduce energy consumption by supplementing 
primary water heating, ventilation air tempering, space heating, and combustion air preheating 
systems.  Thermal storage may be used to optimize heat recovery when the flow of heat to be 
recovered is out of phase with the demand for heated water. 
 
6.9.2  Many different types of heat-recovery equipment are available to reduce peak heating and 
cooling loads and reduce energy consumption.  A brief discussion of the most commonly used 
equipment follows. 
 
6.9.2.1  Heat recovery heat pumps.  These are typically nonreversible, water-source heat pumps 
that recover and upgrade otherwise wasted heat for space heating and service water heating.  
 
6.9.2.2  Run-Around Systems.  Run-around systems generally are used to recover sensible heat.  
It consists of finned-tube water coils located in the exhaust and supply air streams, and a pump 
that circulates water or a water/antifreeze solution between the coils.  The system is seasonably 
reversible, preheating in the winter and precooling in the summer.  Coils and pump normally are 
selected to achieve sensible recovery efficiencies of 40 percent to 60 percent.  Greater 
efficiencies can be achieved by adding more coils in the heat exchangers to increase their 
capacity.  When finned tubing is added to supply and exhaust systems, friction losses increase, 
and additional pumping energy is required to circulate the heat-transfer solution.  As a result, 
gains in efficiency are partially offset by increased energy requirements.  If latent recovery is 
necessary, water coils can be replaced with a cooling-tower surface, and an additional solution 
pump is used.  This provides total heat (enthalpy) transfer as the solution absorbs heat and water 
vapor from the air streams and also acts as an air washer or scrubber. 
 
6.9.2.3  Rotary Heat Exchangers.  These use a cylindrical drum or wheel as the heat-transfer 
medium.  The wheel rotates slowly between the supply-air and exhaust-air streams.  The wheel 
absorbs sensible heat from the warmer air stream and rotates to other air stream, where the heat 
is picked up by the cooler air.  When the wheel is hygroscopically treated with a desiccant, it can 
also transfer latent heat, in the form of water vapor being transferred from the humid air stream 
to the drier air stream.  Nonhygroscopic wheels transfer water vapor when the temperature of 
one air stream is below the dew-point temperature of the other and when there is direct 
condensation of water vapor.  When temperatures are below 320F, the supply air usually is 
preheated to prevent freezing. 
 
6.9.2.4  Heat Pipes.  Heat pipes are a passive heat exchanger consisting of fluid within a sealed 
tube.  Cool air passing over one end of the tube is heated when the fluid enclosed in the tube 
condenses.  The warmer air stream, passing over the other end of the tube, is cooled when the 
adjacent fluid contained in the tube evaporates.  The action is reversible and operates whenever 
there is a temperature difference between the ends of the tube.  A heat pipe can be used for heat 
recovery only when the air intake and air exhaust ducts of a building's HVAC system are located 
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near each other.  Heat recovery is achieved by installing a group of heat pipes between the air 
intake and the air exhaust ducts. 
 
6.9.2.5  Desuperheaters.  These employ an insulated, double-walled refrigerant-to-water heat 
exchanger, which is used to recover waste heat from the hot refrigerant vapor in the condenser of 
an air-conditioner.  The recovered heat is transferred to the service water supply.  The heat 
exchanger is installed in the refrigerant line between the compressor (hot gas) and the condenser 
(cooler gas).  The water loop runs from the lower part of the service water heater tank, through 
the heat exchanger, and then back to the tank.  Hot gas temperature depends on head pressure but 
is usually in the order of 200°F to 280°F.  A desuperheater produces about 3 gallons of heated 
water per hour per ton of air-conditioning capacity. 
 
6.10  Cogeneration/Combined Heat and Power Systems 
 
6.10.1  Cogeneration systems produce two forms of useable energy in one process, usually 
electric power plus thermal energy.  The system utilizes the process of recovering otherwise 
wasted thermal energy.  The thermal energy can be captured for industrial process steam or 
space conditioning.  The electric power can be used on site or directed to an electric utility 
distribution system.  Some utilities purchase surplus power from cogeneration facilities.   
 
6.10.2  Cogeneration systems are applicable in facilities that require steady and significant 
amounts of electric power, steam, and hot water.  The magnitude of the systems usually 
determines the economics of cogeneration facilities, which are based on electric power price, 
fuel price, and load profiles. 
 
6.11  Fuel Cells 
 
6.11.1  General.  A Natural Gas Fuel Cell (NGFC) is a simple, reliable way to improve natural 
gas utilization and efficiency.  This technology converts gas into electricity to provide a quiet, 
clean, and highly efficient onsite electric generating system and thermal energy source that can 
reduce facility energy service costs by 20 to 40 percent over conventional energy service.  The 
NGFC is a simple, reliable direct conversion system.  A fuel cell is an electrochemical system 
rather than a combustion system.  Its operation is closely akin to that of a battery system, except 
that it consumes fuel.  The energy savings results from the high conversion efficiency, typically 
40 percent or higher, depending on the type of fuel cell.  When utilized in a cogeneration 
application by recovering the available thermal energy output, overall energy utilization 
efficiencies can be on the order of 85 percent or more.  There are several types of NGFC, all 
having the following general characteristics: 
 
a.  They can be sized to accommodate different capacity needs by “stacking” the same cell 
designs. 
 
b.  Their high conversion efficiency is relatively independent of system capacity. 
 
c.  They are environmentally benign because of their low emissions. 
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6.11.1.1  An NGFC system is composed of three primary subsystems: a fuel processor or 
reformer, a fuel cell stack, and a DC-to-AC power converter.  A secondary subsystem for 
thermal management (a cooling module) is required if recoverable thermal energy is not fully 
utilized in some form of cogeneration application.  The fuel processor combines natural gas with 
steam (recovered from the power section) to reform the fuel into a hydrogen-rich mixture for use 
by the fuel cell stack in the power section.  In the power section, the fuel mixture, rich in 
hydrogen, is combined with oxygen from the air to produce DC electricity.  The process 
generates heat and produces carbon dioxide and water as exhaust gases.  The DC-to-AC power 
converter takes the DC electricity from the fuel stack and converts it to usable AC power such as 
480-volt, 60-cycle, 3-phase AC. 
 
6.11.1.2  At present, however, only one type of NGFC system is commercially available in the 
United States, the Phosphoric Acid Fuel Cell (PAFC).  The phosphoric acid operates as the 
electrolyte in the power section.  Three other electrolytes are still being tested in other fuel cell 
designs: the Molten Carbonate Fuel Cell (MCFC), the Polymer Electrolytes Fuel Cell (PEFC), 
and the Solid Oxide Fuel Cell (SOFC).  The basic fuel cell characteristics are presented in Table 
6-2. 
 

Cell 
Type 

Potential Applications Output 
(MWe) 

Date 
Available 

Efficiency 
Elect. 
(Cogen.) 

Temp. 

PAFC Dispersed Electric 
Onsite Cogeneration 

1 to 10 
0.2 to 1 

1996 
1992 

41% 
40% (80%) 

200ºC 

MCFC Dispersed Electric 
Onsite Cogeneration 
Central Power 

1 to 10 
0.25 to 1 
100 and 
above 

1997+ 
1997+ 
2000+ 

50 to 55% 
45% (70%) 
50 to 60% 

650ºC 

PEFC Onsite Electric 0.25 2000+ 40+% 80ºC 
SOFC Dispersed Electric 

Central Power 
1 to 10 
50 and 
above 

2000+ 
2000+ 

50+% 
50+% 

1,000º
C 

 
Table 6-2.  Fuel Cell Characteristics 

 
 
6.11.1.3  The physiochemical and thermomechanical properties of the materials used in a fuel 
cell, especially the electrolyte, determine the practical operating temperature and useful lifetime 
of the operational fuel cell.  Solid polymer and aqueous electrolytes are limited to temperatures 
of 200ºC or less to avoid high water vapor pressure and/or rapid degradation of the electrolyte.  
The operating temperature of MCFC’s is determined by the melting point of the electrolyte, and 
the operating temperature of SOFC’s is determined by the ionic conductivity of the electrolyte.  
The lower temperature PAFC’s and PEFC’s utilize aqueous electrolytes and are mostly restricted 
to using hydrogen as the reactant.  The presence of carbon monoxide and sulfur-containing gases 
in the fuel stream serves to poison the anode and, thus, to degrade the cell performance. 
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6.11.1.4  In high-temperature fuel cells (MCFC and SOFC), a wider variety of fuels can be used 
because electrode kinetics are more rapid, and the higher operating temperature reduces the need 
for high electrocatalytic activity.  Because of the higher operating temperature, fuel reforming 
may be done internally to the cell or other hydrocarbon fuels could be chosen that could be used 
directly.  In low-temperature fuel cells (PAFC and PEFC), the primary charge carriers are either 
protons or hydroxyl ions, whereas carbonate and oxide ions are the primary charge carriers in 
high-temperature fuel cells. 
 
6.11.2  Potential Benefits.  Beside the possible cost savings available with NGFC, there are 
environmental benefits associated with installing this technology.  Because NGFC’s convert fuel 
to electricity through an electrochemical process rather than a combustion process, the emissions 
are much cleaner, primarily carbon dioxide and water.  The low emission levels have attracted 
the attention of many air quality management districts around the country, and some districts 
have granted NGFC’s blanket exemption from air quality permitting.  This exemption could 
become a major factor in the decision to install and operate an NGFC, especially in areas where 
new permits are not being issued or in instances where operation emissions levels are being 
exceeded. 
 
6.11.3  Application.  The following conditions favor use of a NGFC system: 
 
a.  Where natural gas costs are low and electricity demand costs are high. 
 
b.  Where the thermal energy can be recovered and utilized (the NGFC can become more cost-
effective operating as a cogeneration system). 
 
c.  Where compliance with stringent environmental air quality regulations is limiting the options 
available to meet electric power requirements. 
 
d.  Where critical electric loads are currently being supplied by high-cost uninterruptible power 
supplies, motor-generator sets, or back-up generators running on fossil fuels. 
 
e.  Where computers, telecommunications equipment, electronic security systems, or other 
electronic control systems demand a noise-free, highly reliable, high-quality electric energy 
source. 
 
6.11.3.1  An NGFC system is least cost-effective under the following conditions: 
 
a.  In a cogeneration configuration for use in either a thermal-load-following or electric-load-
following control strategy.  In these strategies, the fuel cell operates at some part-load factor. 
Depending on the relative natural gas and electric costs, full-load operation (base-loading) 
typically offers the best life-cycle cost economics. 
 
b.  In systems using sophisticated thermal recovery and control systems that are designed to 
recover the maximum available thermal energy.  In these systems, the cost of the thermal energy 
recovery equipment may outweigh the potential economic benefit. 
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6.12  Research and Process Equipment 
 
6.12.1  The same control technologies discussed for electrical and mechanical equipment can be 
applied to research and process equipment.  Control strategies for airflow exhaust, air cleaning 
and monitoring devices can be designed for maximum point control in HVAC equipment.  
Motor-driven equipment can be optimized using VSD’s.  Electronic sensors are available for 
precise operations of electrical equipment. 
 
6.12.2  Point-of-use water heaters can be used for research-specific tasks.  High efficiency 
refrigeration equipment is available for exceptional refrigeration requirements: oversized 
evaporative condensers, multiplex compressor racks, and remote evaporative subcoolers. 
 
6.12.3  New technologies are currently being researched and developed under the auspices of 
DOE’s Office of Industrial Technologies (OIT).  The OIT is involved in research and 
development in the areas of agriculture, aluminum, chemicals, forest products, glass, 
metalcasting, and steel.  The mission of OIT is to “deliver advanced energy efficiency, 
renewable energy, and pollution-prevention technologies for industrial customers.”1  A list of 
new technologies under development can be found at the OIT Internet address, 
http://www.oit.doe.gov. 

                                                           
1 Office of Industrial Technologies.  http://www.oit.doe.gov.  May 1998. 
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CHAPTER 7.  Renewable Energy Technologies 
 
 
7.1  Introduction 
 
7.1.1  This chapter is to facilitate the identification and implementation of Renewable Energy 
(RE) technologies at NASA facilities.  This chapter provides information on the following 
potential RE technologies, as well as screening, design, construction, and acquisition methods 
and sources: 
 
a.  Passive solar design. 
 
b.  Solar water heating. 
 
c.  Solar ventilation air preheating. 
 
d.  Photovoltaics. 
 
e.  Geothermal heat pumps. 
 
f.  Wind. 
 
g.  Biofuels. 
 
7.1.2  The descriptions are based on materials prepared by DOE FEMP, the Sustainable 
Buildings Industry Council (SBIC), and other public and private sources.  
 
7.2  Energy Design Considerations 
 
7.2.1  Building Form.  A building’s form affects how much sunlight is admitted into, or blocked 
from, a building.  Cube-shaped structures minimize the total surface area of a potential facility. 
Buildings elongated along horizontal or vertical axes have greater surface areas.  The greater the 
surface area, the greater the potential for daylighting and natural ventilation.  However, cooling 
loads are increased in buildings with large surface areas due to increased solar radiation.  
Climate considerations determine which building shape will result in greater energy efficiency. 
 
7.2.1.1  Building Siting.  Another issue for the building form is the effect of the form of the 
individual project on the environment of adjacent structures.  Tall structures may overshadow 
nearby structures, reducing the surface area exposed to solar radiation.  Depending on the design 
features of the nearby structures, this might be an advantage in a warm climate, but a 
disadvantage in a cold climate.  Optimizing energy efficiency in one building could actually 
result in a reduction in the site’s overall energy efficiency.  New construction projects should be 
planned to balance overall site and individual building efficiency.  
 
7.2.2  Building Orientation.  Building orientation determines the type and amount of solar 
radiation that is incident upon a building structure.  For instance, a building elongated on an east-
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west axis captures more solar radiation in winter but increases potential for unwanted summer 
solar gain.2  Unprotected western window exposure results in excessive summer cooling loads. 
 
7.2.3  Building Elements.  The following building elements are energy-efficient design concepts 
that can be implemented in a variety of ways:  
 
a.  Thermal Mass.  Dense building materials with the correct mix of thermal conductivity and 
heat capacity, such as brick, concrete, and concrete block, vary their heat and energy content as 
external temperatures fluctuate.  These changes can contribute to heating and cooling in new 
buildings.  For instance, thermal mass can shift heating and cooling loads to off-peak hours, 
when electricity is less costly.3 
 
(1)  Internal.  Many structures rely on the heat storage capacity of gypsum wallboard and 
structural lumber.  The internal temperature of these buildings can rise quickly in periods of high 
solar radiation due to the high heat emissivity of the building materials.  To avoid unnecessary 
heat gain, these buildings must limit the extent of southern-facing glass.  Better energy 
performance is feasible with the addition of another source of thermal mass, such as internal 
masonry floors or walls, that would absorb the internal heat gain in periods of high solar 
radiation or computer activity.  This is an example of a direct solar gain or a solar gain that is 
absorbed directly by materials in the occupied space.  This energy could then be released over a 
long period of time.  Much of the absorbed energy will be released in the evening and night 
hours, which makes this application particularly applicable to buildings occupied at night.  This 
prevents undue cooling loads in periods of high insolation and reduces nighttime heating 
requirements. 
 
(2)  External.  Thermal mass can also be used in the form of external glazed walls that transfer 
heat over time to and from occupied spaces.  This is an example of an indirect gain or one in 
which the heat gain is transferred into the occupied space from an adjacent heated thermal mass. 
 
7.3  Potential RE Technologies 
 
7.3.1  General.  Many of the technologies discussed in this paragraph are feasible for both new 
and retrofit construction.  These include passive solar, solar water heating, solar ventilation air 
preheating, and Photovoltaics (PV).  
 
7.3.2  Passive Solar Design.  Passive solar design uses landscaping, exterior color, window 
systems, daylighting, solar heating, and natural ventilation to collect, store, and release solar 
energy for heating, cooling, and lighting.4   
 

                                                           
2 US DOE FEMP. Low Energy Building Design for Federal Managers. Passive Solar Industries Council. 
Washington, DC. 
3 US DOE FEMP. Low Energy Building Design for Federal Managers. Passive Solar Industries Council. 
Washington, DC. 
4 US DOE FEMP. (July 1997). Procuring Low-Energy Design and Consulting Services. National Technical 
Information Service, US Department of Commerce, Springfield Virginia. DOE/GO-10097-401. 
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a.  Landscaping.  Trees and other landscaping elements affect energy consumption in a number 
of ways.  Shade provided to buildings and surfaces captures incident solar energy, thus 
preventing reradiation that raises ambient air temperatures and increases cooling loads.  
Evapotranspiration from plant life cools the surrounding air.  Trees and shrubs cool buildings 
and their exterior more effectively than Venetian blinds, plastic coating, or reflective patinas on 
external glass surfaces; trees planted next to buildings can reduce air-conditioning by 15 to 35 
percent.5  During the winter, broad-leaved trees drop their foliage, reducing their shading and 
cooling potential, thus not interfering with solar heating potential in areas with cool winters. 
Evergreen or coniferous trees planted as windbreaks reduce the influence of winter winds on 
heating costs.  
 
b.  Exterior Color.  Building surface color choice can prevent unnecessary heating and cooling 
expenses.  The color of driveways, roads, parking lots, roofs, and walls influence energy 
expenditures.  Dark surfaces absorb solar radiation and reradiate it to the surrounding air, 
causing local heating.  This can pose an advantage in cooler climates by reducing winter heating 
costs or be a disadvantage in warmer climates by increasing air-conditioning loads in the 
summer.  Light surfaces reflect incoming solar radiation and have the opposite impacts as dark 
surfaces on heating and cooling costs.  
 
c.  Window Systems.  Important factors in the selection of window systems include glazing and 
shading.  This paragraph discusses these factors in light of potential applications at NASA 
facilities. 
 
(1)  Glazing.  Windows permit sunlight to enter a building and provide opportunities for natural 
ventilation, thereby reducing lighting and ventilation requirements.  Incorrectly selected and 
positioned windows can create overheating in the summer and increase undesirable air leakage 
in winter.  Of all building components, window glazing has the single largest effect on heating, 
cooling, and lighting.  Glazing filters the amount and kind of radiation that enters a structure.   
High performance, low-emittance windows use coatings or spectrally selective glass to reduce 
heat radiated from the warm interior to the cool pane.  Low-emittance windows reduce heating 
costs when an internal coating is used, and cooling costs when an external coating is used.  The 
Coolness Index (CI) measures the degree to which windows prevent radiation of heat to interior 
surfaces.  Many low-emittance glazings with high coolness indices are green or green-blue.  
Pink, reddish, and brown colors are also available.  In year round hot climates, tinted or 
reflective windows that have a high CI are often selected.  Other glass coatings allow visible 
light to penetrate while remaining opaque to heat-producing portions of the spectrum.  Ceramic-
frit glass employs ground, colored glass strips, and other patterns on glass panes to increase the 
shading potential for windows.  Translucent panels can be used in windows, roof monitors, and 
skylights for industrial and commercial daylighting.  Fiberglass Reinforced Plastic (FRP) 
windows scatter light and prevent bright spots due to direct sunlight. 
 
(2)  Shading.  If solar overheating is an issue, window shading can reduce cooling energy use.  
Besides shading associated with window glazing, awnings, trellises, and overhangs provide 

                                                           
5 US EPA Climate Change Division. (June 2, 1992). Cooling Our Communities, a Guidebook on Tree Planting and 
Light-colored Planting. PM-221. Washington, D.C.  
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many shading opportunities.  External window shading is the most effective because it prevents 
solar radiation from entering air-conditioned space.  There are two primary types of shading: 
 
(i)  Screens and Louvers.  Solar screens and vertical louvers are most effective on east and west 
facades.  Adjustable solar screens perform well but require mechanical manipulation.  Fixed 
louvers with fine slats can be applied to a window without dramatically obstructing the view.  
 
(ii)  Awnings and Overhangs.  Horizontal overhangs are most effective for reducing solar gain 
above windows oriented up to 30 degrees east or west of south.  Vertical overhangs are more 
effective on eastern and western exposures due to low morning and afternoon sun angles.  The 
most appropriate size of awnings depends on the relative importance of building cooling and 
heating functions, window orientation, and the site latitude.  
 
d.  Daylighting.  It is common today for electric lighting to account for 30 to 50 percent of 
electrical usage in a typical nonresidential building.6  Natural daylight can reduce building 
energy use and operating costs by reducing the need for artificial lighting, heating, and cooling.  
Many buildings with energy usage patterns characterized by internal loads from heating, 
lighting, and cooling reach their maximum usage during the period when utility capacity and 
demand charges are greatest.  Daylighting can alleviate usage of this high cost electricity.  
Although daylighting considerations often occur during preliminary building design, retrofit 
construction can also benefit from daylighting through installation of sidelights, skylights, roof 
monitors, light shelves, and appropriate use of reflective colors on surfaces adjacent to windows.  
Clerestories, or transparent surfaces such as roof or wall surfaces, can be used in additions to 
existing buildings or new construction.  Building atria, or light courts, provide a means for 
getting daylight into a building interior.  
 
e.  Solar Space Heating.  Solar heating strategies are in principle the same as those for new 
construction, although the range of applications that may be economically feasible is more 
limited.  Solar heating strategies include the addition of sunspaces, windows, or thermal masses 
that collect and distribute solar energy. 
 
(1)  Sunspaces.  Sunspaces are window and door systems designed to collect solar energy, 
convert it to heat and distribute it to interior spaces.  Sunspaces are often simply large windows 
with appropriate size, glazing, and exposure to take advantage of solar rays. 
 
(2)  Thermal Mass.  Some thermal mass applications do not require additional construction.   
Applications that are particularly relevant for retrofit construction include addition of flooring 
and nonstructural wall elements.  Existing thermal masses such as precast concrete slabs or 
concrete wall cores can be used to greater advantage if flushed with air through natural 
ventilation to dissipate stored heat.  
 
f.  Natural Ventilation.  Natural ventilation can be used in conjunction with existing thermal 
mass or additional mass elements implemented during NASA facility retrofits.  Existing thermal 

                                                           
6 US DOE FEMP. Low Energy Building Design for Federal Managers. Passive Solar Industries Council. 
Washington D.C. 
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masses that have value as heat source and storage elements are commonly underutilized.  
Reorganizing interior wall spaces and orientation within a structure can increase natural 
ventilation and evaporative cooling.  Interior walls may be removed or added to increase and/or 
direct air movement within a building.  These modifications can also complement efforts to 
reorganize and increase operational functionality within a facility.  Parallel wall separations and 
elongated open spaces can improve the “fluidity” of workspaces and improve communications 
within workgroups, as well as increase the natural ventilation and evaporative cooling functions 
in a facility.  Rearranging internal wall spaces and exit locations can prevent heat loss by 
reducing air movement through corridors and out exit openings. 
 
7.3.3  Solar Water Heating.  Basic solar hot water heating system components generally include 
a solar collector and pipes.  Some systems use heat exchangers and pumps.  There are a number 
of collector types used with solar hot water systems, but all involve utilizing heat that is 
subsequently used for residential, commercial and industrial hot water needs.  Solar hot water 
systems are often categorized, based on their fluid circulation method, heat-transfer mechanism, 
and by collector type. 
 
7.3.3.1  System Types.  Terms that frequently apply to solar hot water systems include active, 
passive, direct, and indirect.  Active solar hot water systems use pumps to circulate a heat-
transfer fluid between the collector and the storage tank.  Active systems include antifreeze 
systems that employ a pump to move an ethylene glycol-based fluid between the collector and 
storage tank.  Passive systems do not require pumps, greatly simplifying operation and 
maintenance.  Passive systems include Integrated Collector Systems (ICS) and thermosiphon 
systems.  ICS systems store the heated water in the collector itself.  ICS systems incorporate an 
integrated solar collector and storage tank located on the roof of a building.  One example is a 
batch system.  When hot water is used in a batch system, the water main pressure forces water 
from the collector/tank to an intermediate tank in the building.  Thermosiphon systems have a 
separate storage tank located above the collector.  Direct systems run the fluid to be used through 
the collector; indirect systems use a closed collector loop, transferring heat via a heat exchanger. 
Recirculating hot water from the storage tank (recirculating systems) or by flushing the 
collectors (drain-down systems) provides freeze protection in direct system collector pipes.  
Indirect systems often use a freeze-protected fluid, such as an antifreeze solution, in collector 
piping fluids. 
 
7.3.3.2  Collector Types.  The primary solar hot water collector types include flat-plate, 
evacuated tube, and parabolic trough collectors.  Flat-plate collectors are the most common in 
commercial and residential applications.  They use a flat, metal plate to collect solar radiation 
that is then transferred to a heat-transfer fluid.  Uninsulated flat-plate collector systems are low-
temperature systems suitable for uses that only require a slight temperature increase.  Flat-plate 
collectors with glazing and insulation are midtemperature systems.  Evacuated tube and 
parabolic trough systems are high temperature systems.  Evacuated tube collector systems 
operate by focusing sunlight on an absorber tube within an evacuated glass tube.  Evacuated tube 
systems can heat water to as high as 350°F.  Parabolic trough collectors use curved mirrors to 
focus sunlight on a receiving tube that runs through the focal point of the mirrors. Parabolic 
trough systems can heat water up to 570°F.  Parabolic trough systems use only direct sunlight, so 
they require tracking systems to keep them in line with the sun’s rays. 
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7.3.4  Solar Ventilation Air Preheating.  Solar ventilation air preheating uses a transpired 
collector, consisting of a dark perforated metal wall installed on the south-facing wall of a 
building to convert solar radiation to heat.  Fans associated with the building’s ventilation system 
draw air into the perforations in the metal, thus heating incoming ventilation air.  In addition to 
the transpired collector, the air preheating system includes control equipment and a damper that 
allows the collector perforations to be closed during the summer when ventilation air does not 
require heating.  This technology can remove a portion of the load from a building’s 
conventional heating system by preheating incoming air up to 40°F.  Transpired collectors also 
can recapture heat lost through a building’s south-facing wall.  Heat escaping the interior air 
space is captured between the structural wall and the transpired collector and returned to the 
interior.  This technology is most appropriate for heated buildings in cool, sunny climates that 
have at least moderate ventilation requirements. 
 
7.3.5  Photovoltaics.  Photovoltaics (PV) is a descriptive name for a technology in which radiant 
light energy (photo) is converted to electricity (voltaic) by semiconductor devices.  PV is used 
worldwide to provide electricity, especially in remote or difficult-to-access locations. Unlike 
solar thermal technologies that provide heat, PV converts sunlight directly to DC electricity.  
The PV modules that perform this conversion have no moving parts, emit no exhausts, are silent, 
and require no fuel other than sunlight.  They are also very durable and reliable with minimum 
lifetimes of 20 to 30 years. 
 
7.3.5.1  System Components.  The PV systems used to provide power in remote locations consist 
of a PV array and select components that are assembled together to serve the needs of a specific 
load or loads.  With certain applications such as outdoor area lighting and water pumping, the 
load may be considered part of the PV system since the load (the light or pump) is specially 
designed to operate with PV systems.  Grid-tied systems typically include only a PV array and 
an inverter, but they can also include batteries, which allow them to function as Uninterruptible 
Power Systems (UPS) when utility power goes out.   Depending on the nature of the load, PV 
systems may include the following: 
 
a.  PV arrays, which convert light energy to DC electricity. 
 
b.  Batteries, which store electricity for use when the sun is not shining. 
 
c.  Battery charge controllers, which protect the battery by preventing overcharge and over-
discharge. 
 
d.  Inverters, which convert current from DC to AC. 
 
e.  Converters, which convert PV array voltage to a higher or lower voltage. 
 
f.  Solar trackers, which optimize the solar gain of the PV array by tracking the sun. 
 
g.  Engine generators (for hybrid systems), which provide backup power and power for charging 
batteries. 
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7.3.5.2  Component Descriptions.  The function of each component is described below: 
 
a.  PV Array.  The primary component of a PV system, the array converts sunlight to electrical 
energy; all the other components simply store, condition, or control energy use.  A PV array is 
one or more groups of PV modules that are fixed together in individual mounting frames. 
Modules fixed together in a single mount are also called a PV panel. 
 
(1)  Construction.  PV cells are the basic building blocks of PV modules.  They are made of 
semiconducting materials, typically silicon, doped with special additives.  Approximately 1/2 
volt is generated by each silicon PV cell.  The amount of current produced is directly 
proportional to the cell’s size, conversion efficiency, and the intensity of light.  Groups of 36 
series connected PV cells are packaged together into standard modules that provide a nominal 12 
volts (or 18 volts @ peak power).  PV modules were originally configured in this manner to 
charge 12-volt batteries.  Any desired power, voltage, and current can be obtained by connecting 
individual PV modules in series and parallel combinations in much the same way as batteries.  
Most arrays for stand-alone PV systems consist of crystalline silicone PV modules that range in 
size from 50 to 80 peak watts.  (Peak watts are the rated output of PV modules at standard 
operating conditions of 25°C and 1000 watts per square meter solar radiation.). 
 
(2)  Life Expectancy.  The PV modules are the most reliable component in any PV system.  They 
have been engineered to withstand extreme temperatures, severe winds, and impacts from 1-inch 
hail balls at a terminal velocity of 55 miles per hour (mph).  PV modules have an expected life 
expectancy of 20 to 30 years, and manufacturers guarantee them against power degradation for 10 
to 20 years.  The array is usually the most expensive component of a PV system, accounting for 
approximately 1/3 the cost of stand-alone systems.  
 
(3)  Maintenance.  PV arrays require no care other than occasional cleaning of the surface if they 
become soiled or if they are used in dusty locations.  However, they must be kept clear of snow, 
weeds and other sources of shading if they are to operate properly.  Since the cells in a PV module 
are connected in series, shading of even one cell will appreciably decrease the output of the entire 
module. 
 
b.  Batteries.  Because most applications require electricity when the sun is not shining, battery 
storage of electricity is usually necessary.  The batteries used in PV systems are similar to 
automobile batteries but are specially constructed to withstand many deep discharge cycles 
(current is provided over extended periods).  Automobile batteries are designed for shallow 
discharge cycles (to provide large currents for short time periods) and are not suitable for PV 
systems. 
 
(1)  Types.  The two most common types of batteries used in PV systems are flooded lead acid 
batteries which require periodic maintenance (addition of distilled water and equalization) and 
valve-regulated lead acid batteries which are “maintenance-free”.  To reduce the maintenance 
frequency required by flooded batteries, catalytic recombiner caps can be used.  These caps 
recombine the hydrogen and oxygen gases given off by the battery cell into water that is returned 
to the battery. 
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(2)  Life Expectancy.  The batteries are usually the second most expensive component in stand-
alone PV systems, and they have the shortest lifetimes (typically 3 to 7 years).  Because of short 
battery lives, battery replacement costs (as well as other component replacement costs) must be 
carefully accounted for when comparing PV systems to other power alternatives. 
 
c.  Charge Controllers.  Change controllers are similar to automotive voltage regulators and are 
used in PV systems to prevent overcharging the batteries.  PV charge controllers limit the current 
from the PV array to the batteries once the batteries reach a full state of charge (at a preset 
voltage).  Most charge controllers also include a Low-Voltage Disconnect (LVD) feature which 
disconnects the electrical load from the batteries when the batteries reach a low-voltage set point.  
This feature is usually included with inverters as well.  
 
d.  Inverters.  PV arrays and batteries are typically configured to provide 12, 24, or 48 volts of 
DC power.  However, many applications require 120- or 240-volt AC power.  This conversion 
from DC to AC power is achieved with a separate component called an inverter.  Inverters make 
possible the operation of commonly used equipment such as household appliances, power tools, 
computers, office equipment, and motors.  The nature of an AC load determines the type of 
inverter waveform needed.  AC loads such as timers, clocks, laser printers, fluorescent lights, 
and some meters often have difficulty operating on anything less than true sine wave power.  The 
power quality specifications of sensitive equipment must be well matched to inverter capabilities 
not only in type of waveform but also minimum and maximum acceptable voltage and 
frequency.  Fortunately, most electric equipment is not too demanding about power quality and 
will operate with almost any inverter on the market today.  In addition to providing AC power 
for loads, some inverters can also take AC input from an auxiliary power source such as an 
engine generator and convert it to DC current for charging the batteries.  Many inverters also 
have automatic generator start capabilities.  This feature automatically turns on the generator to 
charge the batteries when they reach a low state of charge (low voltage). 
 
e.  Converters.  Occasionally the voltage output of a PV array, battery or inverter will not match 
the voltage requirement of the load. When this occurs, converters are used to step the DC voltage 
up or down to meet the needs of the load. 
 
f.  Trackers.  Trackers optimize the energy production of PV modules by keeping them faced 
towards the sun as it travels across the sky.  This increases the effective length of the solar day by 
about 40 percent in summer and decreases the number of PV modules necessary to collect the same 
amount of energy.  However, trackers with their moving parts add to the complexity of a PV 
system and can be expensive.  As a general rule, trackers do not gain enough energy during the 
winter months (especially in northern climates) to pay for their added expense.  However, if a 
load’s energy requirements are highest in summer, a PV array mounted on a solar tracker may be 
the least expensive option. 
 
g.  Engine Generators.  When an engine generator is paired with a PV array as energy sources for 
a power supply, the resulting system is called a hybrid PV-generator system or simply hybrid 
system.  A hybrid system often provides a power solution with a lower initial cost, lower cost of 
energy, more flexibility and more reliability than just a PV system or generator alone.  A 
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generator can provide backup energy for times when the sun does not shine or for when more 
energy or power is required.  Because the PV array and battery are not required to provide 100 
percent of the energy, they can be sized smaller to save on initial costs.  Hybrid systems provide 
any mix of energy from the PV system and generator.  The most common practice is to size the 
PV array to provide 60 to 90 percent of the required energy on an annual basis with the generator 
making up the difference.  Minimizing generator run time cuts down on their required fuel and 
maintenance. 
 
7.3.5.3  Remote Applications (Off-grid).  The cost of PV technology usually limits its 
applications to remote or difficult-to-access locations where utility grid power is either 
unavailable or too expensive to install.  Cost-effective remote PV applications include outdoor 
area and sign lighting; power for remote shelters, cabins, and trailers; telecommunications; 
monitoring stations; cathodic protection; traffic warning signals; air traffic safety beacons; and 
many more.  The following situations indicate possible cost-effective PV applications: 
 
a.  When small loads are located in remote or difficult-to-access sites. 
 
b.  Whenever long power lines to small loads need to be rebuilt. 
 
c.  Where only high voltage transmission lines are available (step-down transformers can be very 
expensive). 
 
d.  Where utility line construction is very costly due to terrain, lack of easements, stringent 
building codes, or environmentally sensitive locations. 
 
e.  Anywhere engine generators are used exclusively for power. 
 
f.  Where stringent air quality, fuel transportation, or noise regulations prevent the use of engine 
generators. 
 
g.  Difficult to access locations where delivery of fuel for generators is a problem. 
 
h.  When an application needs portable or temporary power. 
 
7.3.5.4  Urban Applications. 
 
a.  Stand-alone.  Although most of the PV applications mentioned above are usually located in 
remote places, many applications are also cost-effective in urban environments.  These 
applications typically involve small loads that do not justify the construction of a utility line 
extension or those in difficult-to-access locations where line construction would be difficult or 
expensive.  Such locations include street and highway median strips, areas with no utility 
easements, municipalities with restrictive building regulations and areas across from streets, 
intersections and railways.  Examples include the following: 
 
(1)  Emergency telephones for roadways, bike paths, parks, and parking lots. 
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(2)  Lighting for facility entrance signs, information kiosks, and flagpoles. 
 
(3)  Security lighting for parks, playgrounds, parking lots, paths, outdoor stairways, and 
equipment yards. 
 
(4)  Traffic counters. 
 
(5)  Traffic hazard warning flashers. 
 
(6)  Pedestrian crossing flashers.  
 
(7)  Irrigation controls for ball fields, median strips, and landscaping. 
 
b.  Grid-support.  Grid-support applications are novel utility applications that can be used to 
support the utility distribution grid in cases where the solar resource matches the need for added 
energy, capacity, reliability, or voltage support.  Customer-sited rooftop PV systems are used 
where land would otherwise be a large part of the expense of the system.  These systems can be 
installed and financed by the local utility (or qualified contractor) and serve the dual purpose of 
producing power for the customer and providing utility system support.  
 
c.  Building Integrated.  The natural progression of customer-sited PV is to integrate the PV 
system where it is used, into the structure of the building itself.  The attractive incorporation of 
PV in architectural design provides the opportunity for the technology to become a 
multifunctional building element.  Building Integrated PV (BIPV) products and systems 
currently available from manufacturers on a turn key basis include building facades, curtain 
walls, spandrel panels, glazing, awnings, roof shingles, raised seam metal roofing, batten seam 
metal roofing, roof tiles, and pavers.  However, in the near term, their expense can only be 
justified for certain, value-added applications.  These include systems in which the PV replaces 
the cost of other building materials, when a building’s daytime peak load demand charge can be 
reduced by the addition of PV or for demonstrations of the technology. 
 
7.3.6  Geothermal Heat Pumps 
 
7.3.6.1  Description.  Geothermal heat pumps use the heating and cooling properties of the Earth 
and groundwater to reduce the heating and cooling loads of buildings.  The ground acts as a heat 
source in the winter and as a heat sink in the summer.  Geothermal heat pumps are also known as 
ground-source heat pumps, ground-coupled heat pumps, Earth-coupled heat pumps, and by 
several other names.  This technology will be referred to hereafter as geothermal heat pumps.  
Information from this paragraph draws from the DOE FEMP “Ground Source Heat Pumps 
Applied to Commercial Facilities” Federal Technology Alert (FTA). 
 
7.3.6.2  Types.  The main components of a geothermal system are a ground-loop piping system, 
a heat pump, and a heating and cooling distribution system.  Geothermal heat pumps are 
essentially extended conventional water-source heat pumps.  Earth-coupled, or closed loop, 
systems use sealed plastic pipes containing water or other fluids to exchange heat to and from the 
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ground.  Water-source, or open loop systems, pump water from a well or other source to the heat 
exchanger and then back to the source.  
 
a.  Earth-coupled.  There are a number of Earth-coupled heat exchanger loop configurations 
available, including horizontal, spiral, vertical, and submerged.  Horizontal closed-loop systems 
are appropriate for locations where ground space is not a limiting factor.  Heat exchange pipes 
are placed horizontally in trenches.  These systems can be placed beneath lawns, landscaping, 
and parking space.  A spiral loop system consists of pipe laid out in circular loops in trenches 
either horizontally or vertically.  Vertical loop configurations are injected vertically into the soil 
or rock. Submerged systems anchor pipe systems in concrete underwater. 
 
b.  Water-source.  Water-source, or open loop, systems use ground water as a heat-transfer 
medium.  There are three primary types of water systems: extraction wells, extraction and 
reinjection wells, or surface water systems.  Extraction wells consist of a pump that extracts 
water from a ground water source, screening incoming water.  The pumped water is used as a 
heat-transfer medium directly and is then discharged into a creek, storm water system, or other 
water body.  A combined extraction and reinjection well pumps water from a well.  This water is 
used as a heat-transfer medium, and is then reinjected into the groundwater through an adjoining 
well system.  Surface water systems draw water from a lake or other water body.  The water 
withdrawn acts as a heat source or sink.  The heated or cooled water is then reinjected into the 
water body.  
 
7.3.7  Wind 
 
7.3.7.1  Description.  Using the wind as a source of energy involves converting the power 
contained in a mass of moving air to rotating shaft power.  The conversion process involves the 
basic aerodynamic force of lift to produce rotation of a shaft connected to a generator.  The most 
common type of wind turbine is the Horizontal Axis Wind Turbine (HAWT).  The HAWT has a 
2- or 3-blade rotor connected to a small box-like enclosure that stands atop a tower.  Inside the 
enclosure are the reduction gear assembly and the generator.  The entire unit atop the tower is 
usually able to revolve to allow the rotor to face directly into the wind.  Depending on the size of 
the HAWT, the tower may be either a latticework supported by guy wires or solid and self-
supporting.  Larger turbines have solid towers since guy wires would interfere with the turbine 
blades.  The other type of wind turbine is the Vertical Axis Wind Turbine (VAWT).  These 
typically employ the Darrieus or “egg beater” rotor configuration.  VAWT’s have the advantage 
of placing the generator at or close to ground level.  However, they have never achieved the 
marketplace prevalence like the HAWT’s. 
 
7.3.7.2  Siting.  Like solar power, wind power is intermittent.  Unlike solar, wind is not 
dependent on latitude but on geography.  Geography establishes which locations are windy and 
which are not.  Since the relationship between wind speed and available energy is nonlinear, a 
site with an average wind speed of 19 mph has 212 percent more available energy than a site 
with an average wind speed of 13 mph.  It is estimated that a single 10 kW wind turbine will 
offset approximately 1.2 tons of air pollution emissions and almost 200 tons of greenhouse gases 
during its 30-year life. 
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7.3.8  Biofuels.  Biofuels include a variety of solid, semi-aqueous, and gaseous feedstocks that 
can be converted to usable energy through combustion, gasification, or liquefaction.  Biofuels 
discussed in this paragraph include wood, paper, Municipal Solid Waste (MSW), agricultural 
residues, food-processing residues, paper sludge, and landfill gas.  Direct combustion can use 
biofuels exclusively, or biofuels can be co-fired with other solid fuels.  Biofuel combustion 
systems vary in size from less than 1 Megawatt (MW) to approximately 60 MW.  Biofuels can 
be used to produce electricity alone, or they can produce steam and power through cogeneration.  
Solid or semiaqueous biofuels can also be converted to syngas, a form of natural gas, through 
chemical or biological gasification.  This gas can then be burned in an attached gas turbine, 
stored for combustion, or used in transportation vehicles.  Other energy options for biofuels 
include liquefaction and fuel cells.  Liquefaction can also be used to produce transportation fuels.  
Fuel cells use an electrochemical process to convert methane to electricity.  Experimental 
processes exist for integrating biomass gasifiers with fuel cell technology to generate electricity.  
 
7.3.8.1  Characteristics.  Biofuels are a heterogeneous fuel, usually with high moisture content 
and variable heat value.  The biomass moisture content should be sampled, along with 
performing ultimate analysis for the fuels to be used, prior to a more involved effort in 
evaluating the feasibility of biofuels technologies in an area.  Moisture content for most 
agricultural and sawmill wood wastes range from approximately 40 to 65 percent (wet weight 
basis).  Others, such as paper pulp sludge and municipal solid waste, can have moisture contents 
as high as 80 percent.  Paper waste moisture contents are typically lower, depending upon the 
storage method, ranging from 2 to 20 percent. 
 
7.3.8.2  Direct Combustion.  The use of combustion technologies to generate steam and 
electricity in many cases is dependent on the heating value of the fuel compared to conventional 
fuels.  Typical heating values, expressed as the gross heat of combustion, for several biofuels are 
shown compared to coal in Table 7-1.  Combustion technologies for solid and some semi-
aqueous biofuels include pile burners, spreader stoker, pulverized coal boilers, and inclined 
fluidized bed boilers.  Combustion appliances, coupled with steam turbines, can use a portion or 
all of the steam produced to generate electricity.  Additional steam, if any, can be used for 
manufacturing processes or facility heating.  Combustion system components include fuel 
receiving, handling, and storage facilities; fuel screening and sizing systems; combustion 
equipment; and generating equipment. 
 
 
 
 

Table 7-1.  Biofuel and Coal Heating Values (BTU/dry lb.) 
 

Biofuel Heating Value (BTU/dry lb.) 
Bituminous Coal (high grade) 15,600 
Anthracite Coal 14,890 
Bituminous Coal (low grade) 12,450 
Softwood Sawmill Residue (Eastern White Pine) 9,049 
Almond Orchard Prunings 8,609 
Newsprint 8,485 
Sugarcane Bagasse 8,188 
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Paper Pulp Sludge (55% solids) 8,100-8,370 
Almond Hulls 7,838 
Cotton Gin Trash 7,604 
Corn Stover (stalks, leaves) 7,593 
Wheat Straw 7,533 
Softwood Sawmill Residue  (Red Oak) 7,305 
Rice Straw (after harvest) 7,004 
Junk Mail 6,383 

Source: Solar Energy Research Institute (renamed the DOE National Renewable Energy Laboratory). (September 
1986). Thermodynamic Data for Biomass Conversion and Waste Incineration. SERI/SP-271-2839. Golden, 
Colorado. 
 
7.3.8.3  Gasification.  Gasification is a type of wood combustion in which a fire is introduced in 
a gasifier vessel filled with wood chips.  Air is introduced to maintain a bed of coals but not 
enough to ignite hydrocarbon gases generated from the fire.  This gas is drawn off and burned in 
an adjacent boiler system or stored for later use.7  Gasification is an emerging technology with 
few installed commercial applications to date.  Gasifiers coupled with steam turbine technology 
have been demonstrated, using cotton gin trash as a fuel for an integrated gasifier/steam injected 
turbine combination with a 1 MW electrical capacity.  Biofuel gasifier/turbine combinations vary 
in capacity from approximately 150 kW to 25 MW.  
 
7.3.8.4  Ethanol Production.  The biomass-ethanol conversion processes use chemical and 
biological fermentation processes to convert usable sugars such as glucose, ribose, mannose, 
xylose, and arabinose to ethanol.  The feasibility of ethanol conversion depends heavily on 
feedstock availability.  Commercial ethanol facilities exhibit economies of scale, with larger 
facilities being more economically viable than small ones. 
 
7.3.8.5  Municipal Solid Waste (MSW).  The most prevalent use of biofuels currently in the 
United States is direct combustion of MSW.  MSW is available at negligible or negative cost 
because of deferred landfill costs.  MSW combustion systems are similar to conventional ones, 
with the addition of specialized fuel handling, processing, and emissions control equipment.  
Waste presorting is becoming more commonplace before incineration.  Many refuse burners 
shred the waste to increase combustion efficiency.  System fuel consumption can range from less 
than 1 ton to over 2,000 tons of MSW incinerated per day.  Solid waste from NASA facilities 
can be combined with municipal waste to provide a feedstock suitable for installation of an 
MSW facility.  Generally, partnerships between municipal governments and other agencies can 
result in project cost sharing that both reduces costs for individual agencies and alleviates 
landfill pressures present in many areas. 
 
7.3.8.6  Landfill Gas.  As landfill waste decomposes, it produces landfill gases that contribute to 
smog and pose an explosion hazard if uncontrolled.  Landfill gas is approximately 50 percent 
methane, so it is a potentially valuable source of energy.  The materials in this paragraph and 
elsewhere are adapted from the EPA report “Turning a Liability into an Asset: A Landfill Gas to 
Energy Handbook for Landfill Owners and Operators.”  Landfill gas energy systems entail three 

                                                           
7 Tennessee Department of Economic and Community Development. (1991). Biomass Design Manual; Industrial 
Size Systems. Tennessee Valley Authority Generating Group. Oak Ridge, Tennessee.  
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basic components: a gas collection system and backup flare, a condensate collection and 
treatment system, and an energy-recovery system.  These components are discussed below. 
 
a.  Gas-Collection System.  Landfill gas-collection systems have three essential parts: a gas-
collection well, a condensate-collection and treatment system, and a compressor.  Landfill gas-
collection wells are most commonly implemented after a portion of a landfill has closed down.  
The two system configurations include vertical wells and horizontal trenches.  Vertical wells are 
the most common system used; horizontal wells may be used in deeper landfills or in areas 
involved in active filling.  Wellheads are connected to lateral piping that transports gas to a main 
collection header and subsequently to the compressor.  Many systems also have a flare used 
during down times.  A flare is a device for combusting the landfill gas.  Flares are an auxiliary 
part of the energy recovery system used when the gas collection system is in startup or is down.  
Flare systems are open or candle and enclosed.  Enclosed flares are more expensive but can 
allow stack testing, increased combustion efficiency, and can reduce noise and light disturbance. 
 
b.  Condensate-Collection and Treatment System.  Condensate collection and treatment systems 
remove condensate in the collection systems that forms as warm landfill gas in the system cools.  
Without this system, the condensate can block the collection piping.  Condensate collection 
begins in the field piping system, where piping and headers allow gas drainage into collection 
tanks or traps.  Condensate-disposal methods include discharge to public sewer systems, onsite 
treatment, and recirculation to the landfill.  Gas treatment systems remove condensate that is not 
removed from gas via the condensate collection system and remove impurities such as 
particulates that may be present in the gas.  Direct use of gas in boilers requires little treatment, 
while injection into natural gas pipelines requires removal of carbon dioxide.  Power production 
options usually incorporate a series of filters for incoming gases to remove potentially damaging 
contaminants.  
 
c.  Energy-Recovery System.  Energy-recovery system options include power production, sale as 
medium BTU gas, and sale or use as upgraded pipeline quality gas. 
 
(1)  Power generation options include the use of reciprocating Internal Combustion (IC) engines, 
combustion turbines, and boiler/steam turbine systems.  Generally, IC engines are used at sites 
that produce sufficient gas to support 1 to 3 MW of power.  Combustion turbines are used in 
larger applications (three to four MW).  Boiler/steam turbine systems are infrequently used 
because they require very large landfills to justify the system installation cost.  Boiler/steam 
turbine systems include a complete water treatment and cooling cycle, plus an ample process and 
cooling water supply.  
 
(2)  Sale or onsite use of medium BTU gas is the simplest means of using landfill gas.  In these 
projects, the gas is piped to an onsite boiler or a nearby customer, where it is used in a boiler or 
industrial process.  Very limited processing and filtration is required for this application. 
 
(3)  Upgrading landfill gas to a high BTU product for injection into a natural gas pipeline is a 
high capital cost option that is cost-effective only for landfills with substantial quantities of 
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recoverable gas (e.g., 4 million cubic feet per day).8  This option requires significant landfill 
treatment to meet stringent natural gas company requirements. 
 
7.4  Screening NASA Facilities for Renewable Energy Applications 
 
7.4.1  General.  For many technologies, FEMP FTA’s or FEMP RE course materials provide 
worksheets to aid in facility screening for renewable opportunities.  These worksheets are 
compatible with the use of Federal Renewable Energy Screening Assistant (FRESA) software 
developed by DOE FEMP to systematically screen Federal facilities for renewable opportunities.  
For many of these technologies, variable descriptions reference blank worksheets found in 
Appendices O, Q, R, and T.  The worksheets are taken from FEMP FTA’s or from presentation 
materials from the FEMP renewable course.  For other technologies, this paragraph describes the 
requisite variables for facility screening and explains briefly how to use these variables to screen 
facilities.  Variable descriptions reference maps and other information included in the appendices 
that show resource availability for each technology. 
 
7.4.1.1  All passive heating and cooling strategies rely on daily temperature and relative 
humidity changes to work.  Energy managers can identify opportunities, using a bioclimatic 
chart for building sites (Appendix L).  A bioclimatic chart identifies passive cooling strategies 
that are appropriate to use in areas with given temperature and humidity characteristics.  Data 
needed to use the bioclimatic chart include monthly average maximum and minimum 
temperatures and relative humidity values.  Appendix M displays surface temperature averages 
and amplitude for the United States.  The National Renewable Energy Laboratory (NREL) Solar 
and Meteorological Surface Observation Network (SAMSON) database provides these data as 
well as wind speed, wind direction, relative humidity, solar radiation, and temperature data.9  
Specific heating and cooling applications may be particularly appropriate in areas with high 
daily temperature variation.  Solar radiation maps useful for many passive solar strategies are 
incorporated in Appendix N.   
 
7.4.2  Passive Solar Design.  Most of the technologies described as passive solar design can be 
analyzed using the FRESA software.  Solar heating variable descriptions also draw from the 
Department of Defense Renewables and Energy Efficiency Planning (REEP) analytical software 
description.10  Landscaping variable descriptions are derived from the American Forests/EPA 
CITYgreen program, a Geographic Information System (GIS) software program designed to 
estimate the economic costs and environmental impacts of different landscaping alternatives.  
Natural ventilation variable descriptions are derived from the SBIC manual “Low Energy 
Building Design for Federal Managers” case study for ventilation concepts in large buildings. 
 

                                                           
8 Environmental Protection Agency (December 1994). Op. Cited. Pp. 3.9. 
9 Available from the National Climatic Data Center, Federal Building, 151 Patton Avenue, Asheville NC 28801-5001. Phone: 704-271-4800. 
Fax: 704-271-4876. Description available on-line at: http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?WWNolos~Product~CD-006 
 
10 Army Corps of Engineers Construction Engineering Research Laboratories. (April 19, 1995). REEP (Renewables & Energy 
Efficiency Planning) Program Interim Manual. Champaign, Illinois.  
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7.4.2.1  Landscaping.  Computer simulation tools can assess the effect of landscaping on energy 
and water consumption using the following parameters:  
 
a.  Landcover type – Includes percent tree cover, ground cover, and percent impervious surfaces.  
Software allows classification of trees and groundcover by species type.  Input measurements 
include existing and planned vegetation species composition, average tree height, average trunk 
diameter, tree health, and approximate tree canopy cover.  Depending upon the size of the area to 
be analyzed, these data can be obtained from aerial photography, point sampling, and ground 
truth methods.  Other useful data include soil association/ type, precipitation, temperature, and 
administrative boundary data.  Many of these data are available from Federal agencies such as 
the National Climatic Data Center, the Natural Resources Conservation Service, the Forest 
Service, and others.  
 
b.  Surface color - Potential impact in changes in surface color in landscapes on overall heating 
and cooling energy needs can be assessed using albedo, the degree of reflectivity of surfaces.  
The value of albedo ranges from zero to one, with one indicating reflection of all incident solar 
radiation.  Albedo indicates the reflective value of external surfaces.  For instance, red or brown 
tiles have low albedo, 0.10 to 0.35; white paint has a high albedo, ranging from 0.50 to 0.90.11  
Values such as albedo give a quantitative basis for the choice of building materials or colors to 
be applied in a given situation.  There has been very little measurement of direct energy savings 
from the use of appropriately colored surfaces in buildings.  Indirect savings can be inferred 
from changes in external air temperature due to modifications in the amount of solar energy 
absorbed by surfaces.  The effectiveness of changing the albedo of an area varies greatly. 
 
7.4.2.2  Window Systems.  The most important properties of glass in passive solar design 
considerations are U-value, Shading Coefficient (SC), and Daylight Transmittance (DT), and 
Coolness Index (CI).  U-value measures conductance, or the percent of heat light permitted into 
an interior area through building materials.  U-value ranges from zero to one, with a low value 
indicating low heat conductivity.  SC refers to the percent of solar heat passing through a 
window under summer conditions and ranges from 0 to 1.  The maximum value corresponds to 
clear glass, which provides no shading from solar heating.  DT represents the percentage of 
daylight transmitted through glass to internal surfaces.  The CI measures the relative ability of 
windows to reduce the temperature gain caused by heat conduction through glass.  The larger the 
CI value, the higher the ability of windows to reduce heat conductivity through glass.  The CI is 
equal to the DT value divided by the SC and ranges from 96 to 114 for most low-emittance 
glazing.  A low-emittance coating decreases the U-value of double-pane clear glass from 0.50 to 
between 0.24 and 0.45.  Low-emittance coatings also reduce the DT and SC of a window 
glazing.  Low U, DT, and SC values can be achieved using krypton gas or argon to fill spaces 
between windowpanes.  Low-emittance values in the 0.30 range are approximately as effective at 
reducing heat conductance as triple-pane glass. 
 
7.4.2.3  Daylighting.  Poor daylighting can decrease productivity and cost more than potential 
energy savings.  Thus, it is important to carefully assess the potential impact of daylighting 

                                                           
11 EPA Climate Change Division. (June 2, 1992). Cooling Our Communities. Technical Report EPA PM-221. 
Washington, D.C.  
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applications on the availability of light in work areas.  Beam and diffuse light patterns both have 
value. Exterior daylight levels range from 100 to 1,000 lumens per square meter (lux).  Lighting 
requirements for work tasks vary from 50 to 100 lux for basic tasks requiring a low level of 
object discrimination to 1,000 to 2,000 lux for jobs that require the capacity to discriminate 
between minute objects with little contrast.  The trick to daylighting planning is the capacity to 
adjust electrical light usage to compensate for the variability of exterior lighting, while 
maintaining an adequate light supply for a given workspace.  Various means are possible for 
controlling interior electrical light levels in conjunction with daylighting, including manual 
on/off switches, scheduled on/off or dimming, stepped dimming, and continuous dimming.  
 
7.4.2.4  Solar Space Heating.  Solar heating elements can be incorporated into existing structures 
or new ones.  If retrofits include the addition of building structures, building elements typically 
incorporated in new construction may be used for retrofit at costs comparable to new 
construction.  Retrofits that elongate or build over existing structures have the potential to 
change energy consumption patterns in facilities.  These changes will alter the facility surface 
area exposed to solar radiation and change the potential for solar heating and daylighting 
applications.  In warmer climates, building modifications should take into account the potential 
increase in energy usage that may result from such changes.  The orientation of retrofit 
construction can also make an impact on incident solar radiation.  Architects must make 
appropriate choices regarding window extent, orientation, and glazing to buffer increases in 
energy use to the degree that efforts are cost-effective.  Major considerations for solar heating 
include the following: 
 
a.  Availability of suitable wall space with a southern exposure,  
 
b.  Daily temperature and humidity variation, 
 
c.  Cost of the installed solar heating element, and 
 
d.  Availability of suitable sunlight. 
 
7.4.2.5  Natural Ventilation.  The most important information to be used to screen facilities for 
natural ventilation is a cross-sectional view of existing buildings.  Examination of building 
design schematics can indicate potential opportunities for ventilation in existing interior and 
exterior spaces.  An understanding of basic heat flow and heat-transfer principles is a 
prerequisite for the ability to perform this type of qualitative analysis.  
 
7.4.3  Solar Water Heating.  This paragraph presents a list of information necessary for 
evaluating a facility for potential solar hot water heating opportunities, based on the DOE FEMP 
“Solar Water Heating” FTA.  Appendix O includes a blank worksheet that details variables that 
fall within each of these categories.  The worksheet is based on ASHRAE checklist designed to 
facilitate the evaluation of buildings for solar hot water heating opportunities.  Maps depicting 
United States solar data that can assist in screening for solar hot water applications are given in 
Appendix N.  Appendix P contains a map of solar hot water performance for the United States.  
The variables for each of these categories are described below: 
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7.4.3.1  Building Hot Water Requirements. 
 
a.  Daily load – The water utility can provide the facility energy manager with the minimum and 
maximum daily total water load in gallons or liters per day at a facility level.  The daily load for 
the facility can be desegregated into loads for individual buildings or uses if submetering is 
conducted at those levels.  Using this information, the energy manager can assess whether or not 
the addition of a solar hot water heating system is compatible with facility hot water needs.  
Typical questions answered with this information include:  Will the hot water supply meet the 
typical maximum load?  Can the supply be stored or managed during periods of low usage? 
 
b.  Daily use pattern – The pattern of daily use describes high and low total water usage periods 
throughout the day on an hourly basis.  The water utility can provide daily water usage patterns 
for each individually metered application.  For hot water specifically, the energy management 
team may need to apply a separate metering device to get information on hot water flow.  The 
energy manager can use hot water usage pattern information to answer the same questions with 
this information as for daily load, although on a smaller scale.  For instance, a building’s hot 
water system must not only meet total daily load requirements; it must also meet the building’s 
actual hot water demand during each hour of the day.  A solar hot water system that generates 
maximum hot water during daylight hours may not be suitable for a building with a high evening 
hot water usage pattern. 
 
c.  Hot water delivery temperature – An energy manager can use this information to ascertain 
whether the solar water heating system can provide hot water in the desired temperature range.  
A technician can sample the hot water temperature at specified points of delivery to obtain a 
mean and standard deviation for hot water delivery temperature at various points in a facility. 
 
d.  Load profile – A monthly load profile provides a broad overview of the seasonal differences 
in hot water usage.  This is particularly important for estimating the proportion of the load that 
can be serviced by the solar hot water system, thereby making an appropriate system selection 
for a given region.  Seasonal variation in solar radiation can have a dramatic impact on the 
delivery temperature of hot water from a solar hot water heating system.  
 
e.  Total annual load – The total annual load for a building’s hot water system provides a gross 
estimate of the proportion of hot water a solar system can provide on an annual basis for a 
building.  
 
7.4.3.2  Main Heating System. 
 
a.  Energy source/cost – Information on the type of heating energy source (e.g., gas, electric, oil, 
or steam) and cost are one variable in the calculation of energy and cost savings attributable to 
solar hot water system installation.  The other variable is the overall hot water efficiency.  The 
energy type used for heating can also be valuable in determining the value of environmental 
externalities such as sulfur dioxide and particulate matter emissions that are displaced by RE use.  
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b.  Hot water heater/storage capacity – The maximum capacity (gallons) of hot water determines 
the ability of the hot water storage to meet the additional capacity (if any) provided by a solar hot 
water system during periods of low usage.  
 
c.  Hot water heater efficiency – The efficiency of existing hot water systems, combined with the 
energy costs for hot water heating allows the energy manager to determine the cost and energy 
savings that could result from solar water system installation.  The hot water system efficiency 
rating is most often marked directly on the water-heating appliance. 

 
d.  Hot water circulation – Knowledge about the type of hot water circulating system type can 
assist in choosing a system.  New systems may be interconnected with the conventional hot 
water circulation system without affecting the quality or quantity of hot water delivered to the 
end user.  The interface between the solar hot water system and the conventional system can be 
efficient, or it can be a problem area if the solar hot water system is incompatible with the 
conventional system. 
 
e.  Cold water temperature – The incoming cold water temperature provides information that, 
combined with hot water delivery temperatures, can enable the selection of a solar hot water 
system that is compatible in size and quality with existing conventional systems.  Solar hot water 
heating can reduce conventional expenditures by heating incoming water if the solar resource is 
inadequate to bring about the increase in temperature required to meet delivered hot water 
temperatures.  If the solar resource is adequate to raise the temperature to the required delivery 
temperature, the solar system can supplant the conventional system for a portion of the year.  
The incoming cold water temperature can help the energy manager plan for energy expenditures 
and operations for the hot water system during the year.  The energy manager can plan the times 
during the year when the conventional hot water system must be used.  System planning can be 
based on the solar radiation incident upon the collectors at different times of year and its capacity 
to raise the incoming water temperature.  
 
7.4.3.3  Building Information. 
 
a.  Primary building use – This information is for general decision making, although it can 
provide important information for prioritizing different building types at a facility for 
consideration for solar hot water heating.  Facility screening procedures used the following 
building types: training areas; maintenance and production areas; research, development, and 
testing facilities; storage area; hospital and medical facilities; administration areas; and 
miscellaneous other areas. 
 
b.  Number of floors/floor area – This information is relevant for planning hot water delivery 
systems.  Tall or extensively elongated building areas may need assistance in delivering hot 
water from the collector/storage area to the end user.  In addition, costs per square foot of solar 
hot water system installation allow overall system cost estimation and cost comparison.  
 
c.  Utilities available – This information allows the energy manager to compare installation of 
the solar hot water system to other potential modifications, such as a switch to natural gas-fired 
water heaters. 
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d.  Water quality – The quality (e.g., hardness and clarity) can impact the type of solar hot water 
system installed.  Increased maintenance costs may be observed in systems with hard water due 
to pipe accumulation.  In such cases, closed-loop systems or systems with drain-back or collector 
flush systems may be recommended to prevent regular maintenance costs.  
 
7.4.3.4  Collector and Storage Locations. 
 
a.  Potential collector location – All potential collector locations should be documented as to 
their basic characteristics.  For roofs, these characteristics include the roof type (e.g., flat or 
gable), roof pitch line direction, slope, material, area, and shading.  Other collector locations 
should also have basic slope, orientation, material, and shading information. 
 
b.  Potential storage location – The energy manager/technician should document storage 
locations for water heated by the solar system, including whether they are outdoor or indoor. 
 
c.  Potential mechanical equipment location – The energy manager/technician should provide 
information on prospective sites for pumps and associated piping that accompany the hot water 
system. 
 
d.  Approximate distance (collector to heat exchanger or storage) – The distance, following the 
prospective path of the installed piping, of the solar collector to the heat exchanger or storage 
can affect overall system costs due to the increased need for piping. 
 
e.  Approximate distance (heat exchanger to storage) – For the same reason as the collector to 
storage distance, the energy manager should approximate the pipe distance from the heat 
exchanger to storage (if applicable). 
 
7.4.4  Solar Ventilation Air Preheating.  This paragraph provides information on DOE FEMP 
“Solar Ventilation Air Preheating” FTA worksheet variables.  The worksheet, included in 
Appendix Q, facilitates sizing of solar ventilation air preheaters for buildings and estimation of 
annual energy savings. 
 
7.4.5  Photovoltaics.  PV systems can be designed to power any electrical load regardless of size 
or location as long as sunshine is available.  The primary reason more PV systems are not used is 
cost.  The economic feasibility of using a PV system to power a specific load is determined by 
three primary factors: 
 
7.4.5.1  Size and Nature of the Load.  For any application, both the maximum power needed at 
any one time (watts) and the maximum daily energy requirement (kilowatt-hours) must be 
known.  The maximum power requirement determines the size of inverter needed for AC 
applications and the system wire sizes.  If a load is operated 24 hours a day, 365 days a year, 
both the energy and power requirements are constant and easy to calculate.  However, few loads 
are that simple.  On the other extreme, large applications almost always require professional 
energy audits to properly assess the load.  The purposes of the audit are to accurately assess the 
current energy and power requirement and identify means of reducing electrical energy use.  For 
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loads between these two extremes of complexity, worksheets in Appendix R can be used to 
estimate the load’s daily energy consumption.  The following steps can be used to determine the 
daily energy requirement for a load: 
 
a.  Identify all the electrical devices that will rely on the PV system for power. 
 
b.  Determine each device's power usage (in watts). 
 
c.  Make an estimate of the average hours each device is used each day. 
 
d.  Multiplying each device's wattage by the daily hours of use to obtain its daily energy 
requirement (watt-hours). 
 
e.  Add together the watt-hours for all devices to get the total daily energy requirement. 
 
f.  If the energy requirement varies from season to season, it must be calculated for each season 
to determine the largest requirement relative to the available insolation (solar radiation incident 
on an area over time). 
 
7.4.5.2  Availability of the Solar Resource.  Another factor that influences the size of the PV 
array (and the cost of the PV system) is availability of the solar resource.  Although cost-
effective PV systems are being installed everywhere in the United States, they are economically 
feasible most often where there is an abundance of sunshine.  Since sunlight is the energy source 
that PV modules convert to electricity, fewer PV modules are required when there is more light 
energy available for conversion.  As shown on the maps of solar radiation in Appendix N, the 
southwestern United States receives much more insolation (solar radiation incident on an area 
over time) than the east or northwest.  The southwest also has a low utility grid density making it 
an ideal location for off-grid PV applications.  Because the solar resource varies not only by 
location but also by time of year, PV systems for year-round applications must be sized to 
provide enough energy during the time of lowest sunlight (typically December in the continental 
United States).  As shown on the maps in Appendix N, the insolation in any location in the 
United States can be 50 to 100 percent greater in June than in December.  
 
7.4.5.3  Cost of Power Alternatives.  The third factor that determines the economic feasibility of 
PV power is the cost of the power alternatives.  When utility power is not an option due to high 
line construction costs, PV systems and other sources of power such as engine generators 
become more economical in comparison. 
 
a.  Utility Power.  The actual cost for a line extension to a particular load can be obtained from 
the local utility company.  Many utilities also offer PV service as an alternative to uneconomical 
line extensions and may be able to provide cost estimates for PV systems as well.  Some of the 
factors that contribute to high line construction costs include the following: 
 
(1)  Long distances to the nearest utility distribution line. 
 
(2)  Unavailable utility easements. 
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(3)  Roadways or parking lots that block access or complicate construction. 
 
(4)  Steep and rugged terrain. 
 
(5)  Requirements for buried line. 
 
(6)  Requirements for environmental impact studies. 
 
(7)  Requirements for archeological studies. 
 
b.  Engine Generators.  Engine generators are the other alternative when line extensions are not 
feasible.  Although generators have a relatively low initial cost compared to PV systems, they 
have the following disadvantages: 
 
(1)  Regular and frequent maintenance requirements (oil changes, tuneups, and rebuilds). 
 
(2)  Fuel transportation and onsite storage. 
 
(3)  Air emissions. 
 
(4)  Noise emissions. 
 
7.4.5.4  Load Reduction.  Energy saving measures and switching of heating loads to propane or 
other fuels are often employed in conjunction with PV systems to reduce the size of electric 
loads so that smaller and less expensive PV systems are required.  One easy energy-efficiency 
measure is to change light bulbs to compact fluorescents.  Compact fluorescents use 
approximately one fourth the energy of incandescent bulbs to produce the same amount of light 
and last ten times as long.   Another important measure is to eliminate “ghost loads” (small loads 
that are not obvious users of electricity).  Because they are on 24 hours a day, ghost loads can 
consume quite a bit of energy.  Examples of ghost loads include remotely controlled appliances, 
equipment with small plug-in transformers and equipment with LED clocks and displays.  Other 
efficiency measures include using energy-efficient versions of tools and appliances (e.g., pumps, 
motors, and refrigerators) and simply turning off appliances (e.g., computers, lights, and radios) 
when they are not being used.  A different way to save on the use of electricity is to switch large 
heating loads such as water heaters, furnaces and stoves to other fuel sources.  These fuels 
(propane or oil) can provide heat at a much lower cost than a PV system, and they may also be 
used for fueling a backup engine generator.  In some cases, special DC lights, equipment and 
appliances are used to improve system efficiency and to reduce the size and complexity of 
systems by eliminating the need for inverters. 
 
7.4.5.5  Economic Analysis.  Once the size of an application’s electric load is assessed, cost 
estimates for PV power systems can be obtained from PV suppliers.  These suppliers have solar 
insolation data available for most locations in the United States and can size and cost a PV 
system for specific load and insolation levels.  Most PV system suppliers can also size and 
provide estimates for PV/generator hybrid systems as well if they appear to be a good option.  
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Engine generator suppliers can provide cost estimates for generators to handle your load as well 
as provide guidelines for estimating fuel consumption and maintenance costs.  After the costs for 
all power alternatives are obtained, a life-cycle cost analysis comparing the options should be 
performed.  Life-cycle cost analysis calculates the present value of the initial investment, 
operation and maintenance costs, replacement costs, and energy/fuel costs, minus salvage value 
of replaced parts. 
 
7.4.6  Geothermal Heat Pumps 
 
7.4.6.1  Physical Considerations.  The rate of heat transfer between the closed-loop, ground-
coupling system and the surrounding soil and rock is critical for the success of a geothermal heat 
pump system.  The thermal conductivity of the soil and rock is the critical value that determines 
the length of pipe required.  The pipe length affects the installation cost as well as the 
operational costs. 
 
7.4.6.2  Soil Temperature and Moisture.  Because of local variations in soil type and moisture 
conditions, economic designs may vary by location.  Underground soil temperatures and soil 
type have large impacts on geothermal heat pump applications.  In an open-loop system, the 
temperature of ground water entering the heat pump has a direct impact on the efficiency of the 
system.  In a closed-loop system and in the direct-expansion system, the underground 
temperature will affect the size of the required ground-coupling system and the resulting 
operational effectiveness of the underground heat exchanger.  Therefore, it is important to 
determine the underground soil temperature before selecting a system design. 
 
7.4.6.3  Soil and Rock Classifications.  Soil classifications include coarse-grained sands and 
gravels, fine-grained silts and clays, and loam (equal mixtures of sand, silt, and clay).  Rock 
classifications are broken down into nine different petrologic groups.  Thermal conductivity 
values vary significantly within each of the nine groups.  Each of these classifications plays a 
role in determining the thermal conductivity and thereby affects the design of the ground-
coupling system. 
 
7.4.6.4  Resource Data.  Appendix M contains a map of the United States indicating mean annual 
underground soil temperatures and amplitudes of annual surface ground temperature swings.  
Soil temperature variation in depth, soil, and season, illustrated in Appendix S, can impact 
geothermal system performance. 
 
7.4.6.5  Energy Consumption Analysis.  Estimation of energy consumption for a geothermal heat 
pump system is illustrated in Appendix T.  The cost is estimated by an outdoor temperature bin 
method.  The calculations are performed in a spreadsheet using 5°F bin data, because these data 
are readily available to most Federal energy managers. 
  
7.4.7  Wind 
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7.4.7.1  Considerations.  Wind speed distribution for the United States are available from the 
National Climatic Data Center SAMSON database.12  Important factors in determining the 
feasibility of wind turbine technology are described below: 
 
a.  Installed cost of wind turbine – This information can be provided by wind energy professional 
associations or manufacturers for turbines of various sizes. 
 
b.  Estimated maintenance costs – Manufacturers and professional associations can also provide 
information on maintenance requirements for turbines. 
 
c.  Wind speed – Average wind speed, as well as maximum and minimum wind speed, on a 
monthly basis is a good indicator of the potential for wind applications at a given facility.  The 
SAMSON database provides 30-year data on solar and wind resources in the United States.  Site-
specific wind resource conditions can be approximated for specific locations near data collection 
points using a variety of methods. 
 
d.  Wind direction – This is valuable information for evaluating the space requirements for wind 
turbines at proposed sites. It is also a major installation consideration.  
 
e.  Generator rated speed – This is the lowest wind speed at which generator produces power at 
its rated capacity. 
 
f.  Generator cut-in speed – Below this wind speed, the wind turbine does not operate. 
 
g.  Generator cutout speed –Above this wind speed, the wind turbine will shut down to avoid 
turbine or fan damage. 
 
h.  Generator rated output – This is the power rating for the turbine, available from 
manufacturers or from the equipment itself. 
 
i.  Cost of electricity – The cost of electricity generated, using wind power, influences the cost-
effectiveness calculation for the application. 
 
j.  Life of wind turbine – The life span of the turbine determines the length of time for which the 
benefits, i.e., the power generated, are received.  This influences the life-cycle cost of the 
installation. 
 
7.4.8 Biofuels.  Screening for biofuel applications should begin with an evaluation of power 
needs at the NASA facility.  Next an assessment of the potentially available biofuel resource 
base within a 50 to 100 mile radius of the facility should be performed.  Additionally, electrical, 
steam, and waste disposal costs at the facility should be documented.  
 

                                                           
12 Available from the National Climatic Data Center, Federal Building, 151 Patton Avenue, Asheville NC 28801-
5001. Phone: 704-271-4800. Fax: 704-271-4876. Description available on-line at: http://www4.ncdc.noaa.gov/cgi-
win/wwcgi.dll?WWNolos~Product~CD-006 
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7.4.8.1  Biofuel Availability.  Most biofuels applications are modifications of existing 
conventional operations, require larger fuel supplies, and produce energy in larger quantities 
than PV, passive solar, geothermal, and other renewable applications.  As such, the resource base 
is a limiting factor for many biofuel applications.  Generation of one MW of power from biofuels 
requires from 5,000 to 15,000 dry tons per year depending on the fuel heat content.  Assessing 
potential fuel supplies will narrow the types of applications that may be suitable for a facility.  
The contact list for this fuel source includes a variety of resource assessment contacts that can 
provide data for the resources covered in this chapter.  
 
7.4.8.2  Cost Comparisons.  Another element that will help identify biofuel applications that are 
cost-competitive is an assessment of existing electrical and steam costs, as well as costs for 
disposal of solid waste at the facility and for nearby communities. A range of typical electric and 
steam generation costs for biofuel energy conversion facilities is a first step toward evaluating 
the cost-effectiveness of applications that are justified by the existing resource base and 
power/heat requirements.  
 
7.4.8.3  Landfill Gas.  Screening for landfill gas applications at NASA facilities is not 
complicated.  The first variable to identify is whether or not the facility operates its own landfill.  
If not, the opportunities for application of this technology are greatly reduced.  If a municipal 
landfill exists nearby is willing to partner with a NASA facility, producing medium BTU gas for 
sale to NASA, the technology still may be an option.  The proximity of the landfill to the 
customer is crucial, with pipeline construction costs that can range from $250,000 to 500,000 per 
mile.  Landfills with the best chance for energy recovery will have the following characteristics:  
 
a.  At least 1 million tons of waste in place. 
 
b.  Currently receiving waste, or closed for no more than several years. 
 
c.  At least 30 acres available for gas recovery. 
 
d.  Landfill depth of 40 or more feet. 
 
7.4.9  Computerized Evaluation Tools. Each of the following computer tools is described in 
terms of its capabilities, availability, input requirements, computer hardware requirements and 
applicability to each renewable technology.  A large variety of energy efficiency and renewable 
energy related software can be downloaded free of charge from the DOE FEMP Web page at 
http://www.eren.doe.gov/femp/techasst.html. 
 
7.4.9.1  FRESA.  FRESA allows energy auditors to evaluate RE opportunities a facility's energy 
program.  FRESA processes building and facility data to indicate opportunities for RE 
applications in Federal facilities and buildings.  The purpose is to focus feasibility study efforts 
on cost-effective applications.  FRESA provides uniform assumptions in the form of database, 
weather, and technology cost parameters.  FRESA software can be downloaded from the DOE 
FEMP Web site.  FRESA can screen facilities for the following RE systems:  
 
a.  Daylighting. 
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b.  Infiltration control. 
 
c.  Active solar. 
 
d.  Multiple glazings. 
 
e.  Window shading alternatives. 
 
f.  Wind energy. 
 
g.  Water power. 
 
h.  Geothermal heat pumps.  
 
i.  Solar hot water.  
 
j.  Photovoltaics. 
 
k.  Solar ventilation air reheating. 
 
l.  Biomass conversion. 
 
7.4.9.2  ENERGY-10.  ENERGY-10, created by personnel at NREL, Lawrence Berkeley 
National Laboratory, the SBIC, and the DOE.  It accompanies a design manual, Designing Low 
Energy Buildings with ENERGY-10, available from the SBIC at a cost of approximately $250.  
ENERGY-10 enables the user to incorporate designs that can reduce energy use in new buildings 
by 50 percent or more.  The program allows the user to rank these strategies according to their 
effectiveness by energy savings, cost savings, or life-cycle costs.  ENERGY-10 also evaluates 
the effect of individual energy options at any point in the design process.  Highly graphical 
output gives the architect detailed, quantifiable engineering data.  The software package is 
suitable for small commercial buildings less than 10,000 square feet in area.  Specific 
applications the software is designed to evaluate are as follows: 
 
a.  Daylighting. 
 
b.  Glazing. 
 
c.  Shading.  
 
d.  Energy-efficient lighting. 
 
e.  Insulation. 
 
f.  Thermal mass. 
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g.  Passive solar heating. 
 
h.  HVAC economizer cycles. 
 
i.  High-efficiency HVAC. 
 
j.  HVAC controls. 
 
7.4.9.3  DOE-2.  DOE-2 simulates building hourly energy consumption for multiple zones 
throughout the United States.  DOE-2 can model the impact of hourly ambient temperature 
variation and internal loads on the entire building load.  It was developed by the Oak Ridge 
National Laboratory Building Envelope Research unit to simulate climatic variation, equipment 
performance, and other operating characteristics such as window venting and thermostat controls 
on building energy consumption. 
 
7.4.9.4  FEDS 4.1.  The Facility Energy Decision System (FEDS) provides a comprehensive 
fuel-neutral, technology-independent, integrated (energy) resource planning approach from the 
top down.  The basic intent of the model is to provide information needed to determine the 
minimum Life-Cycle Cost (LCC) configuration of the installation's energy generation and 
consumption infrastructure.  The model has no fuel or technology bias; it simply selects the 
technologies that will provide an equivalent or superior level of service (e.g., heating, cooling, 
illumination) at the minimum LCC.  When determining the minimum LCC configuration of 
generation and end-use technologies, all interactive effects between energy systems are explicitly 
modeled.  For example, when considering a lighting retrofit, the model evaluates the change in 
energy consumption in all building energy systems rather than just the change in lighting energy.  
The value or cost of these interactive effects varies by building type, building size, climate, 
occupancy schedule, and a number of other factors.  In determining the optimal retrofit for each 
technology, the interactions at the installation level are considered by determining the impact on 
the installation's electric energy and demand cost, as well as the interactive effects among end 
uses.  Peak electric demand in any individual building may not occur at the same time as the 
installation's peak demand.  Since the buildings at large Federal installations are not individually 
metered, the installation is billed based on the combined demand of all buildings.  Thus, proper 
valuation of the changes in an individual building's electric demand must be done in the context 
of the impact on the installation's demand profile including time-of-day pricing and demand 
ratchets. 
 
7.4.9.5  BIOPOWER.  The BIOPOWER program is available from the Electric Power Research 
Institute.  This simulation program is a spreadsheet-based model that calculates the cost and 
performance of energy and heat production from conversion of biofuels.  Fuels considered are 
wood, MSW, refuse-derived fuel, tires, and other biomass-related materials.  The model 
generates boiler efficiency, gross/net capacity, energy and material balances, raw material needs, 
combustion air/flue gas volume, emissions, ash production, operating and maintenance costs, 
capital requirement, and levelized electricity costs. 
 
7.4.9.6  CITYgreen.  CITYgreen, developed by American Forests, Inc. and the EPA, allows the 
mapping and analysis of landscaping alternatives.  The model allows the user to simulate energy 
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savings, stormwater impacts, air quality effects, and wildlife impacts of alterations in tree canopy 
cover, groundcover type, and extent of impervious surfaces.  The model must be used in 
conjunction with ArcView GIS software program.  The combined software cost is approximately 
$2,000.  The software is adaptable, capable of analyzing areas as small as a single building, or as 
large as a multicounty region. 
 
7.5  Designing and Procuring Renewable Energy Systems 
 
7.5.1  General.  This paragraph describes how to procure hardware for RE systems and the 
advantages of procuring standardized, packaged systems when possible vs. designing custom 
systems for each application.  This paragraph also addresses general issues surrounding the 
design and procurement of RE systems usually focus on system cost, quality control, installation, 
and maintenance. 
 
7.5.2  Passive Solar Design.  The major costs of passive solar design include additional design 
and construction costs.  Additional construction costs are not explicitly discussed for each 
technology.  These costs are highly specific to each site and should be evaluated on a job-by-job 
basis.  Some new construction options are cost-competitive with conventional building materials.  
 
7.5.2.1  Design Cost.  Investments in energy analysis and consulting services made when 
designing a new building or conducting major renovations vary according to the size of the 
building.  There are economies of scale in procurement of these services, with costs ranging from 
$0.05 to 0.25 per square foot for large buildings and $0.30 to 0.45 per square foot for small 
buildings (Table 7-2). 
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Table 7-2.  Energy Analysis and Consulting Service Costs by Energy Use and Building Size 

($/ft.2 of Air-Conditioned Space) 
 

 Investment ($/ft.2) by building size 
Energy use intensity Small            (< 

20,000 ft.2) 
Medium            (20,000 - 
100,000 ft.2) 

Large                 (> 
100,000 ft.2) 

Moderate energy users 
(residential/warehouse) 

$0.35 to 0.25 $0.25 to 0.15 $0.15 to 0.05 

High energy users 
(Offices. Factories) 

$0.40 to 0.30 $0.30 to 0.20 $0.20 to 0.10 

Very high energy users 
(Labs and hospitals) 

$0.45 to 0.35 $0.35 to 0.25 $0.25 to 0.15 

Source: US DOE FEMP. (July 1997). Procuring Low Energy Design and Consulting Services. NTIS, Springfield, 
Virginia. DOE/GO-10097-401. 
 
7.5.2.2  Construction Cost.  Other costs include any additional construction costs associated with 
the addition of thermal mass, natural ventilation, or evaporative cooling strategies in new 
construction.  Costs associated with thermal mass can be viewed as the increase in cost (or cost 
savings) associated with a substitution of alternative building materials.  Passive natural 
ventilation costs include only design costs for the building.  Mechanical ventilation devices such 
as fans used to aid in the process incur installation, operation, and maintenance costs.  
Evaporative cooling costs are very little if the evaporation is caused by natural ventilation.  If 
mechanical devices such as evaporative coolers or mist sprayers are used, significant installation, 
operation, and maintenance costs may be incurred. 
 
7.5.2.3  Quality Control.  To ensure an appropriate result from energy analysis and consulting 
services, the energy manager should familiarize themselves with the types of analytical tools that 
“match a tool with a task.”  The Energy Manager should evaluate the quality and appropriateness 
of the analyses performed.  Trained specialized crews are sometimes required to work with some 
thermal mass building materials.  Often, however, thermal mass materials are not significantly 
different from conventional materials.  In either case, the design and building implementation 
team should know the warranties associated with faulty manufacturing and installation.  Only 
construction and engineering staff with specific experience in the particular application should 
specify the building materials to be used.  Evaporative coolers and fan systems designed to 
enhance natural ventilation are essentially guaranteed in the same manner as conventional 
HVAC systems.  Fans usually have a 1-year warranty, and air-conditioning unit warranties range 
from 5 to 10 years. 
 
7.5.3  Landscaping. 
 
7.5.3.1  Cost.  Landscaping costs can vary tremendously depending on the vegetation type, 
climatic conditions, water requirements, and a host of other variables.  Beyond landscape design 
and planting costs, regular costs that must be considered include irrigation costs, pruning, tree 
removal, and other landscape management costs.  Altering the color of surfaces to change the 
albedo of a facility usually incurs little new expense, since modifications can be included with 
regular maintenance. 
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7.5.3.2  Quality Control.  The first consideration is for the expertise of landscaping material 
suppliers and landscaping contractors.  Always check the references of the individuals or 
companies retained to plan and construct landscapes around facilities.  Planting practices are 
crucial in determining the success or failure of a landscaping project.  Ensure that the species 
selected are compatible with the soil and water conditions at the facility.  For many areas of the 
country, landscaping means planting trees and shrubs.  Consult the EPA report “Cooling Our 
Communities: A Guidebook on Tree Planting and Light-Colored Surfacing” for strategic advice 
on how to contract for landscaping services.  Other landscape types such as xeriscape have the 
additional purpose of conserving water use, but may have lesser cooling benefits due to reduced 
shading characteristics.  More information on xeriscape techniques can be found in chapter 8.  
 
7.5.3.3  Installation Considerations.  Basic considerations include soil type, precipitation, 
sunlight availability, adequate space, and length of growing season.  Soils need to be free from 
toxic substances and relatively uncompacted.  Soil should be deep enough and have adequate 
drainage to prevent rapid changes in soil gases, available moisture, and root injury.  Water 
availability is a serious consideration for tree and shrub planting.  Precipitation rates in a region 
should be used as one selection criterion for the type of vegetation selected.  Excessive soil 
compaction at a site can prevent water infiltration, decreasing the available moisture to roots.  
Using loose soils and planting an adequate distance from impervious surfaces such as concrete 
can reduce these concerns.  So can the use of a number of injection irrigation technologies.  
However, irrigation can dramatically increase the cost of landscaping as an energy saving 
measure.  Space limitation is self-explanatory as an installation consideration.  Planting trees and 
shrubs with appropriate form and growth rates can accommodate space concerns.  Sunlight and 
other climatic factors can be addressed using maps from landscape supply companies that 
indicate appropriate tree, shrub, and ground cover for different light levels and growing season 
lengths.  
 
7.5.3.4  Maintenance.  Regular maintenance activities for landscaping include mowing, pruning, 
pest control, fertilization, irrigation, and occasional inventory and inspection. The most 
beneficial plants are those species that are native to a particular region. The use of native plants 
requires less maintenance such as trimming, watering, and fertilizer applications.  This 
ultimately saves time, labor, and money.  By planting native plants, the amount of nutrient and 
chemical runoff into local waterways is reduced, helping to improve water quality. 
 
7.5.4  Window Systems 
 
7.5.4.1  Cost.  Window costs vary from $3 to 5 per square foot for inert-gas-filled glazed 
windows to $10 to 100 per square foot for windows with switchable glazings, e.g., glazings that 
respond to light conditions by altering their shading.  Switchable glazings are commercially 
available on a limited basis.  
 
7.5.4.2  Quality Control.  The General Services Administration (GSA) provides information on 
recommended suppliers and contractors for energy-efficient building products such as windows 
with efficient glazings and shading devices.  The SBIC is another important source of 
information on window system suppliers and installers, as well as window performance ratings.  
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These information sources should be consulted to verify the reliability of the window system 
manufacturer, and the project manager should contact the references of installers. 
 
7.5.4.3  Installation Considerations.  The SBIC offers a number of recommendations on the use 
of glazing and shading to reduce lighting, heating, and cooling needs. 
 
a.  Glazing. 
 
(1)  Decide during the design process whether glazing strategies are intended to promote 
daylighting, solar heating, or both. 
 
(2)  Specify glass with low SC values on east and west facades. 
 
(3)  Coordinate glazing selection with lighting equipment and control selection. 
 
(4)  Consider glazing with high light transmittance and high coolness indices, unless solar 
heating is an integral part of the plan. 
 
b.  Shading. 
 
(1)  Fixed overhangs on south facing glass control direct solar radiation, while glazing or 
movable shading controls indirect solar radiation. 
 
(2)  East and west glass should be limited due to difficulties in shading. 
 
(3)  Vertical shades work on eastern and western facades if the shading projections are deep or  
close together. 
 
(4)  Shading north facing glass is not generally necessary. 
 
(5)  Study sun angles since it is critical to shading and other design elements. 
 
7.5.4.4  Maintenance.  Besides regular inspection for breakage, window replacement does not 
entail additional maintenance. 
 
7.5.5  Daylighting. 
 
7.5.5.1  Cost.  Daylighting costs differ for installation of different elements such as sidelights, 
skylights, roof monitors, light shelves, and clerestories.  The installed cost for daylighting can 
range from less than $1,000 for installation of a skylight in a residential structure, to millions of 
dollars for the integration of atria, clerestories, light shelves, and other daylighting elements. 
 
7.5.5.2  Quality Control.  GSA procurement schedules recommend suppliers for daylighting, 
which can reduce the risk of faulty equipment procurement.  The SBIC can provide information 
on daylighting suppliers and installers, as well as costs.  Architects, engineers, and designers 
with daylighting experience should perform any daylighting system specification and 
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installation.  As with other applications, the available information sources should be consulted to 
verify the reputability of the manufacturer, and the project manager should check the references 
of the installers.  
 
7.5.5.3  Installation Considerations.  Large windows do not automatically reduce electricity use.  
If the contrast between windows and adjoining walls and ceilings is too great, the windows will 
become a source of glare.  Occupants may in this case run electric lights to reduce the contrast.  
Avoiding direct-beam sunlight into workspaces can reduce this overlighting.  Setting daylights 
across from one another can balance the daylights, creating even lighting throughout an internal 
space.  Daylights should be placed high in the exterior wall to increase penetration into the 
building.  Glazed areas should be no more than 25 to 30 percent of the daylit floor area to 
provide enough light, but reduce undesirable cooling loads.  Lighting controls can dim artificial 
lights or turn them off to reduce electricity; without them electricity savings may not be realized.  
South facing glazing has maximum thermal gain in the winter and minimum gain in the summer.  
 
7.5.5.4  Maintenance.  Little maintenance other than cleaning is required for many daylighting 
applications.  Periodic inspection of, and replacement of, lighting controls is recommended.  
 
7.5.6  Passive Solar Heating. 
 
7.5.6.1  Cost.  The cost per square foot of collector is an appropriate basis for application to other 
potential sunspace installations.  The costs may differ for sunspaces with different glazing and 
shading properties, or for large applications.  Costs will resemble window replacement costs, 
since except for thermal mass applications, this technology is very similar to window 
replacement. 
 
7.5.6.2  Quality Control.  As for window systems, the GSA supply schedule makes 
recommendations for building material suppliers and contractors.  Installers should have 
experience using windows for solar heating, and the project overseer should check the references 
of any contractors used for the installation.  These information sources should be consulted to 
verify the reputability of equipment manufacturers. 
 
7.5.6.3  Installation Considerations.  Because of their high capital cost, sunspaces rarely achieve 
an acceptable payback.  In areas with low winter temperatures and high incident solar radiation, 
sunspaces may be acceptable when aesthetic value is considered in the final decision.  Relevant 
factors to consider include monthly temperature variation, the availability of southern exposures, 
and the possible effect of glare on other energy uses. 
 
7.5.6.4  Maintenance.  Maintenance for sunspaces is essentially the same as for conventional 
windows. 
 
7.5.7  Natural Ventilation. 
 
7.5.7.1  Cost.  The costs of using natural ventilation in retrofit construction are generally limited 
to consulting and design services, and costs of rearranging the physical spaces inside a building.  
These costs can be negligible in indoor spaces without many interior partitions, but can be major 
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in buildings that have many walled divisions.  Major wall reconstruction is not recommended, as 
it is not likely to be cost-effective.  Natural ventilation assisted by mechanical devices such as 
fans involve minor purchase expenditures (less than $100) and the cost of electricity used to run 
the devices. 
  
7.5.7.2  Quality Control.  Guaranteeing the success of natural ventilation involves the 
appropriate selection of ventilation strategies.  This may require the assistance of engineering 
and design staff or consulting services.  The most important factor in determining the success of 
this strategy is to choose personnel familiar with heat transfer and airflow patterns in building.  
 
7.5.7.3  Installation Considerations.  The primary factor to remember is the need to preserve the 
function of the interior building space.  An additional point is to recognize that following 
building construction, ventilation options are more limited unless expensive modifications can be 
made.  Any large modifications need to be well justified by energy and/or cost savings.  
 
7.5.7.4  Maintenance.  There is little maintenance for natural ventilation applications.  Fans used 
to assist ventilation should be inspected, and if needed, replaced.  
 
7.5.8  Solar Water Heating.  Solar water heating systems are reliable and cost-effective when 
correctly matched to climate and load.  After use reduction measures have been taken, solar 
water heating should be considered as a potential option for reducing heating energy 
requirements. 
 
7.5.8.1  Cost.  Table 7-3 shows representative solar water heating system costs and operating 
characteristics.   Total installed costs vary according to the system size and complexity. 
 
7.5.8.2  Quality Control.  Many solar water heating systems installed in the 1980s were chosen 
poorly or installed incorrectly, causing concern about the effectiveness of solar water heating.  
However, a survey of 185 systems in Colorado in 1992 showed that 65 percent of installed 
systems function properly, and about half of those with problems could be fixed at a cost less 
than $150.13  Past problems with systems associated with incorrect system specification, 
installation, and maintenance have been reduced in part due to the increased availability of 
information on system requirements and increased energy manager experience.  Recent inclusion 
of solar hot water heating systems on the GSA supply schedule should boost the reliability of 
systems and increase the availability of information on quality suppliers and installers. 

                                                           
13 DOE FEMP. (May 1996). Solar Water Heating. Federal Technology Alert. Washington, DC. Pp. 4. 
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TABLE 7-3.  SOLAR WATER HEATING SYSTEM CHARACTERISTICS: FACTORS 

USEFUL IN SYSTEM SELECTION 
 

System Type Cost/ft.2                (for 40 
ft.2 unless otherwise 
noted) 

Freeze 
Tolerance 

Hard Water 
Tolerance 

Maintenance 
Need 

Low Temperature 
  Unglazed $10-25 (400 ft.2) None good very low 
Passive Mid-temperature 
  Integrated Collector $50-75 Moderate minimal very low 
  Thermosiphon, Direct $40-75 None minimal Low 
  Thermosiphon, Indirect $50-80 Moderate good Low 
Active, Indirect Mid-temperature Systems 
  Flat-plate, Antifreeze, Small $50-90 Excellent good High 
  Flat-plate, Antifreeze, Large $30-50 (30,000 ft.2) Excellent good High 
  Flat-plate, Drain-back, Small $50-90 Good good High 
Active, Direct Mid-temperature Systems 
  Drain-down NA Corrections minimal High 
  Recirculating  NA Being 

developed 
minimal High 

High Temperature Systems     
  Evacuated Tube-Direct $75-150 Good minimal high  
  Evacuated Tube-Indirect $75-150 Excellent good High 
  Parabolic Trough $20-40 (30,000 ft.2) Excellent good High 

 Source: DOE FEMP. (May 1996). Solar Water Heating FTA. Washington, DC. Pp. 2. 
 
7.5.8.3  Installation Considerations.  System installation costs and the available water-heating, 
fuel-source cost are perhaps the most important factors governing the decision of whether or not 
to install a solar water heating system.  Generally, solar hot water heating will be cost-effective 
only in areas where natural gas is not available.  The available solar resource is an important 
determining factor in the feasibility of solar hot water heating.  The best areas for solar hot water 
heating are located in areas with high solar radiation, such as the Southwestern and Southern 
United States.  Maps in Appendix N show the distribution of the solar resource across the United 
States.   Relatively constant hot water loads throughout the week and year, or those that are 
higher in the summer also help the economics of solar water heating.  General prescriptions for a 
successful solar hot water system installation include: 
 
a.  Size the system conservatively to meet at most two-thirds of total usage, 
 
b.  Pay attention to pipe freezing and corrosion protection, 
 
c.  Use an engineering or design contractor with experience in solar hot water heating, and  
 
d.  Do system performance checks at least twice each year and perform needed maintenance. 
 
7.5.8.4  Maintenance.  Ten-year warranties on collectors are an industry standard.  Calcium 
carbonate deposits, pump failure, and tank leaks are maintenance concerns.  Pressurized hot 



  

 91

water tanks have about a 15-year life span.  Some system specific maintenance recommendations 
are listed below: 
 
a.  Low Temperature Systems (Nonglazed). 
 
(1)  Drained in winter. 
 
(2)  Collector replaced every 10 to 20 years. 
 
(3)  Vacuum and pressure relief valve replacement every 5 to 15 and 10 to 20 years, respectively. 
 
b.  Indirect, Passive Systems (Integrated Collector/Indirect Thermosiphon). 
 
(1)  Relief valves should be replaced every 15 years ($10). 
 
(2)  Collector and other pipe may require flushing in the event of hard water deposit problems 
(system type not recommended for areas with very hard water). 
 
(3)  Antifreeze replacement required in direct thermosiphon systems every 5 to 10 years. 
 
c.  Indirect, Active Systems (Antifreeze and Drain-back). 
 
(1)  Occasional pump, tank, and electronic replacement. 
 
(2)  Propylene glycol replacement every 5 to 10 years. 
 
d.  Direct Active Systems (Drain-down and Recirculating). 
 
(1)  Installation of an anode rod in water heater to prevent hard water deposits (system not 
recommended in areas with hard water). 
 
(2)  Controllers and valves need inspection to prevent freezing. 
 
(3)  Nonpressurized systems may need replacement of evaporated water. 
 
(4)  Pump replacement ($50 to 200) every 10 to 20 years. 
 
(5)  Controller replacement every 10 to 20 years ($100 to 200). 
 
e.  High Temperature Systems (Evacuated Tube and Parabolic Trough). 
 
(1)  Close monitoring required due to high water temperatures. 
 
(2)  O&M usually included as part of design and installation contract. 
 
(3)  Mirror surfaces washed every few months. 
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(4)  Mirror replacement in 15 years. 
 
(5)  Pump seal replacement every 10 years. 
 
(6)  Tracking equipment control replacement. 
 
7.5.9  Solar Ventilation Air Preheating. 
 
7.5.9.1  Cost.  The cost of a solar ventilation air preheating system is approximately $10 to 12 
per square foot of installed wall. The cost breakdown for systems is shown in Table 7-4. 
 

Table 7-4.  Retrofit Transpired Collector Costs 
 

Component Cost ($/ft.2)
Absorber 3.50
Supports, flashing, etc. 2.50
Installation 4.00
Maintenance and other 1.00
Total 11.00

Source: DOE FEMP. (September 1995). Transpired Collectors (Solar Preheaters for Outdoor Ventilation Air). 
NREL/TP-472-7029. Pp. 7. 
 
7.5.9.2  Quality Control.  As with other renewable applications, a warranty is often offered with 
solar ventilation preheating equipment.  The fan is often covered by a 1-year warranty, while 
color coatings on the collector sheeting are under warranty for up to 20 years.  The DOE FEMP 
“Transpired Collectors (Solar Preheaters for Outdoor Ventilation Air)” FTA provides 
information on reputable equipment manufacturers.  For a proper installation, only designers and 
installers with specific experience should be used.  
 
7.5.9.3  Installation Considerations.  The basic requirement for transpired collector installation is 
a south-facing wall on a building with a minimum outdoor ventilation requirement.  Buildings 
that may be good candidates for this application are manufacturing plants, vehicle storage and 
maintenance facilities, hazardous waste storage buildings, gymnasiums, and warehouses.  
Transpired collectors should not be implemented when the following conditions exist (reference 
local building codes to determine other site-specific requirements): 
 
a.  Outdoor air is not required. 
 
b.  South-facing walls are shaded. 
 
c.  Buildings have existing heat recovery systems. 
 
d.  Buildings with extensive door or window percentages on south-facing walls. 
 
e.  Locations have short heating seasons. 
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f.  Buildings with multiple stories. 
 
7.5.9.4  Maintenance.  Transpired collector systems require little maintenance.  There are no 
problems with leakage, freezing, overheating, or even minimal physical damage to the collector 
wall.  
 
7.5.10  Photovoltaics. 
 
7.5.10.1  Cost.  The cost of PV modules has steadily declined since the mid-1970s from a cost of 
more than $100 per watt to less than $6 per watt today.  PV modules only account for about one 
third of the initial cost of these systems.  (Batteries typically account for another third and the 
inverter and balance of system the final third.)  Over the lifetime of a stand-alone PV system 
(about 20 years) the batteries actually account for the greater part of system costs since they need 
to be replaced two to three times during that period.  Crystalline PV modules in the 50- to 120-
watt size range are available for $4.80 to 5.70 per watt, depending on the make and size of the 
PV modules.  The cost for sealed maintenance-free batteries in the 100 to 500 amp-hour size (at 
12 volts) ranges from $1.50 to 5.25 per amp hour of capacity depending on the make, type of 
technology and size.  Flooded battery prices are generally lower and average $1.50 per amp-hour 
for the 500 to 1500 amp-hour size (at 12 volts).  Inverter prices range from $0.40 to 0.75 per watt 
of capacity depending on the size, type of waveform and available features.  Complete integrated 
packaged PV power systems average about $14/watt for midsized DC systems (with 100 to 600 
watt PV arrays) and $18/watt for larger sized AC systems (with 900 to 1800 watt PV arrays).  
 
7.5.10.2  Quality Control.  PV systems can and should be designed and installed to provide years 
of safe, reliable service.  Systems not installed in a safe manner could result in fire, personal 
injury and even death.  Section 690 of the National Electrical Code (NEC) specifies the required 
wires sizes, fuses, disconnects and other considerations that make a safe system possible.  PV 
systems should always be purchased from reputable dealers that are known follow the NEC PV 
requirements and the systems should be installed by qualified licensed electricians that are 
familiar with the special PV codes.  Suppliers will sometimes guarantee their systems for two 
years and offer extended system warranties.  Individual components are warranted by 
manufacturers for various lengths of time.  PV modules currently carry 10- to 20-year 
manufacturer warranties against degradation of power output.  The other electronic components 
(inverters and charge controllers) are typically warranted for 5 years.  Batteries, because of the 
variable ways they can be used (or abused), are typically only warranted for 1 year.  
 
7.5.10.3  Installation Considerations.  The installation of PV systems can vary greatly depending 
on the application, the size of system and whether the system arrives packaged and preassembled 
or as separate components that need to be integrated into a structure on site.  Because most 
packaged systems are almost completely assembled and prewired, usually all that is required is 
to set the component enclosure on a pole, simple foundation or level ground, mount the PV array 
to the enclosure and wire it to the rest of the system.  This can take as little time as 2 to 4 hours 
for small systems (e.g., for outdoor security lighting, livestock water pumping, communications, 
traffic warning flashers).  Installation of large site-integrated systems (such as generator hybrid 
systems) can take several weeks with special requirements for foundations and structures to 
house the equipment.  Regardless of type or size, all systems have very specific requirements for 
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array siting.  The PV array must be installed in a location that is free of shadows during peak 
sunlight hours.  As a general rule of thumb for a fixed PV array (without a tracker), those hours 
are from 9 a.m. to 3 p.m. (solar time).  Although the sun may be shining before and after these 
hours, it is either too low in the sky to provide much energy (in the winter) or it is too far to the 
north to shine directly on the array (in summer).  
 
7.5.10.4  Maintenance.  PV systems by themselves (without engine generators) require very little 
maintenance.  Typically all that is required is a visual inspection of the system and simple 
battery maintenance if flooded batteries are used.  Most small PV systems typically take no more 
than two to four hours each year.  If the PV system uses “maintenance-free” batteries, the 
maintenance is usually limited to visual inspection and testing of the system output.  When PV 
systems are paired with generators in hybrid systems, the generator maintenance requirements 
are greatly reduced because the time intervals for generator oil changes, tune-ups and rebuilds 
are directly related to the hours of generator runtime.  Instead of running 24 hours a day, when 
paired with a PV system, a generator usually operates for only a few hours per day or week, 
depending on the hybrid system design.  The following is a list of some of the maintenance 
activities that may be performed on PV systems: 
 
a.  Visual inspection of the PV array surface for excessive dirt or debris. (A thin layer of dust is 
not a concern.) If the surface does need cleaning, a gentle rinse with plain water or mild 
detergent is all that is recommended.  
 
b.  Visual inspection of the array for damaged PV modules or shading by trees, weeds and other 
obstructions.  
 
c.  Measurement of the array output current and voltage to verify proper operation. 
 
d.  Seasonal adjustment of the PV array tilt angle to optimize energy output. (This is only cost-
effective for larger systems.) 
 
e.  Inspection of the battery for corroded terminals and cleaning of terminals if required (at least 
once per year). 
 
f.  Addition of distilled water to flooded batteries if the electrolyte level is low (every 3 to 6 
months). 
 
g.  Measurement of the battery voltage to verify state of charge. 
 
h.  Inspection of trackers to verify proper tracking of the sun. 
 
i.  Visual inspection of the entire system for loose or damaged wiring.  
 
7.5.11  Geothermal Heat Pumps.  The information in this paragraph is adapted from the DOE 
FEMP Ground Source Heat Pumps Applied to Commercial Facilities FTA.  
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7.5.11.1  Cost.  Geothermal installation costs range from approximately $1,700 to 5,000 per ton 
($480 to 1,420 per kW).  Most geothermal heat pump installations consist of multiple water-
source heat pump units.  Most installations range from 1 to 10 tons (3.5 to 35.2 kW), but some 
equipment is available in sizes up to 15 tons (52.8 kW).  Large central heat-pump equipment 
consist of reciprocating and centrifugal compressors (up to 19.5 million BTU/h).  These systems 
support central-air-handling units, variable-air-volume systems, or distributive two-pipe fan coil 
units. 
 
7.5.11.2  Quality Control.  ASHRAE provides cooling and heating load information for 
geothermal heat pump systems.  Most issues (and barriers) stem from the ground-coupling 
system for geothermal heat pumps.  Today, software tools are available to support the design of 
the ground-coupling system.  Several tools to support the needs of designers and installers are 
available through the International Ground-Source Heat Pump Association (IGSHPA).  In 
addition, several manufacturers have designed tools more closely tuned to their system 
requirements.  The system installation should be the responsibility of a single party.  If three 
different professionals, none of whom understands the other two parts of the system install the 
entire system, then the system will not perform satisfactorily.  
 
7.5.11.3  Installation Considerations.  Ground loops can be placed just about anywhere; under 
landscaping, parking lots, ponds, or even the building itself.  Selection of a particular ground-
coupling system (vertical, horizontal, spiral) should be based on life-cycle cost in addition to 
practical constraints.  Horizontal closed-loop, ground-coupling systems can be installed using a 
chain-type trenching machine, horizontal boring machine, backhoe, bulldozer, or other earth-
moving heavy equipment.  Vertical applications (for both open and closed systems) require a 
drilling rig and qualified operators.  Most commercial geothermal heat pump applications use 
vertical closed-loop ground-coupling systems primarily because of land constraints.  Submerged-
loop applications require some special considerations and, as noted earlier, it is best to discuss 
these directly with an experienced design engineer.  The following list identifies installation 
considerations for ground-source heat pumps: 
 
a.  Avoid threaded plastic pipe connections in the ground loop. Specify thermal welding.  
 
b.  Specify piping and joining methods approved by IGSHPA. 
 
c.  Check local water and well regulations, some local regulations may require reinjection wells 
rather than surface drainage. 
 
d.  Some States require permits to use even private ponds as a heat source/sink. 
 
e.  Approved calculation procedures should be used in the sizing process – as is the case with 
any heating or air-conditioning system regardless of technology. 
 
7.5.11.4  Maintenance.  Geothermal systems have standard warranties ranging from 1 to 5 years.  
The heat pump units are self-contained, and maintenance requirements are relatively 
straightforward.  Because no heat pump equipment is exposed to outdoor elements, the units 
actually require less maintenance than typical air-source heat pumps.  In closed-loop systems, 
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the circulating pump(s) requires routine maintenance, as with any pump and motor system, and 
the water loop (a closed system) should be routinely monitored for temperature, pressure, flow, 
and antifreeze concentration.  Leaks require prompt attention.  In open-loop systems, the well 
requires maintenance similar to any water well.  The system should be routinely monitored for 
temperature, pressure, and flow.  Because ground water is being supplied to the heat pump, the 
heat exchangers should be routinely inspected for potential fouling and scale buildup. 
 
7.5.12  Wind.   
 
7.5.12.1  Cost.  Technology advances in the last 20 years have made wind power more cost-
competitive.  During the high-growth years of 1983 to 1986, wind turbine costs were 
approximately $1,500 to 2,000 per kW, with levelized costs of energy around 10¢ per kilowatt 
hour (kWh).  These costs were approximately twice the cost of the least expensive fossil fuel 
technologies at the time.  Currently, turbine costs are as low as $950 per kW with levelized costs 
of 5¢ per kWh.  These costs do not include transmission and power collection costs.  The bulk of 
the cost for wind systems is for the turbines themselves.  While there are many turbine 
manufacturers, few produce turbines in quantities large enough to result in any economies of 
scale.  Few manufacturers are willing to release per unit costs for turbines but with turbines 
ranging in size from 1.5 to 500 kW, unit cost estimates range from $3,000 each for small units to 
close to $500,000 for 500 kW units.  Other costs for installation include site assessments, site 
preparation, and permitting.  
 
7.5.12.2  Quality Control.  The performance and service life of wind turbines has increased 
dramatically since the 1970s.  Improvements in turbine design and the quality of the electronics 
and power generating equipment have increased efficiency.  The newest generation of wind 
turbines has rotors that spin at variable speeds.  Previously, the rotor and generator had to spin at 
a constant speed so as to produce even power.  Variations in wind speed were adjusted to by 
means of airbrakes on the rotors.  With the variable speed turbine, power-conditioning 
equipment achieve the constant power output electronically.  
 
7.5.12.3  Installation Considerations.  Since the relationship between wind speed and available 
energy is a cubic function, the location of a wind turbine is the greatest determinant of its 
performance.  A 1977 survey by the American Wind Energy Association determined that for 
small wind energy systems improper siting was a common cause of dissatisfaction by system 
owners.  Spending a little more money to determine the best site available can easily repay itself 
with improved performance.  Many studies, most Government-sponsored, have been completed 
to determine the best sites for wind energy developments in the United States.  This information 
is widely available.  Even with this information it would be beneficial to conduct a site-specific 
wind assessment since the level of detail in the Government studies may be insufficient to 
reasonable ascertain the feasibility of a small-scale wind project.  Another factor that would 
certainly call for a site assessment is the relationship between wind speed and height above 
ground.  Wind speed increases with height as the effects of surface friction are overcome.  
Obstructions to the wind such as trees, buildings, even other wind turbines can adversely effect 
the performance of a wind turbine.  Wind turbines are almost always located in areas away from 
urban centers and where there is an abundance of constant wind.  Wind turbines have two 
important impacts that cause them to be sited away from urban areas: noise and visual.  Turbines 
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can be noisy, emitting a noise similar to a helicopter but a lower speed.  Some find them 
unsightly; especially when there are many of them operating.  
 
7.5.12.4  Maintenance.  Manufacturer personnel usually handle wind turbine installation and 
turbine maintenance activities.  The most delicate mechanisms within the turbine itself are the 
reduction gear assemblies.  These allow the generator to spin at the faster speed necessary to 
generate 60-cycle power.  
 
7.5.13  Biofuels. 
 
7.5.13.1  Cost.   
 
a.  Combustion.  The nearest term low-cost option for the use of biomass is co-firing with coal in 
existing boilers.  Investment levels are very site-specific and are affected by the available space 
for yarding and storing biomass, installation of size reduction and drying facilities, and the 
nature of the boiler burner modifications.  Investments are expected to be $100 to 700/kW of 
biomass capacity, with a median in the $180 to 200/kW range.  Note that these values are per 
kW of biomass, so, at 10 percent co-fire, $100/kW adds $10/kW to the total, coal plus biomass, 
capacity costs.  Electricity costs from biomass co-firing can add $0.01 to 0.02 per kWh to 
electricity costs in co-firing applications. 
 
b.  Gasification.  Biomass Gasification Combined Cycle (GCC) current capital costs are 
$2,000/kW.  Future improvements in drying processes and steam cycles can bring this cost to 
about $1,300/kW.14  Power production costs are approximately $0.07 to 0.11 per kWh.  
 
c.  Fuel Cells.  Current installed costs for PAFC are about $700,000 or $3500/kW and 
maintenance costs are estimated to be $0.03/kWh.  Fuel cells are, at present, only marginally 
cost-effective and only then in area that have very expensive electricity costs.  The cost is 
decreasing as sales increase and the systems design becomes more optimized.15  
 
d.  Landfill Gas.  Landfill gas electricity generation capital costs range from $1,000 to 1,300 per 
kW for IC engines; $1,200 to 1,700 for turbine technology; and $2,000 to 2,500 for boiler/steam 
turbine technology.  The cost of electricity generated is approximately $0.041 per kWh for IC 
engines, $0.038 for turbine technology, and $0.043 for boiler/steam turbine technology.16 
 
7.5.13.2  Quality Control.  The National Renewable Energy Laboratory and DOE Regional 
Biomass Energy Programs can provide assistance in quality control for biofuel options.  
 
7.5.13.3  Installation Considerations. 
 
                                                           
14 Army Corps of Engineers Construction Engineering Research Laboratories. (April 19, 1995). REEP 
(Renewables & Energy Efficiency Planning) Program Interim Manual. Champaign, Illinois. 
15 Army Corps of Engineers Construction Engineering Research Laboratories. (April 19, 1995). REEP 
(Renewables & Energy Efficiency Planning) Program Interim Manual. Champaign, Illinois. 
16 EPA. (December 1994). Turning a Liability into an Asset: A Landfill Gas to Energy Handbook for Landfill 
Owners and Operators. Washington, DC.  
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a.  Combustion.  Effective substitutions of biomass energy in co-firing applications can be made 
in the range of 10 to 15 percent of the total energy input with little more than burner and feed 
intake system modifications to existing stations.  Stand-alone biomass plants are usually cost-
effective only when the feedstock cost is negative, e.g., the plant is paid to take the material.  
Other applications that are cost-effective include remote industrial applications such as forest 
products industry, which utilize large quantities of both steam and electricity in areas with high 
electrical costs.  
 
b.  Gasification.  The first generation of biomass GCC systems would have efficiencies nearly 
double that of direct-combustion systems.  In cogeneration applications, total plant efficiencies 
could exceed 80 percent. 
 
c.  Fuel Cells.  Fuel cells can be cost-effective when reliable backup power is required and in 
areas where air quality would prevent other power generation technologies from being allowed.  
Payback periods are typically long when only the cost of electricity is considered but the benefits 
of reliable power and very low emissions are considered, they can be the technology of choice.17 
 
d.  Landfill Gas.  The primary installation consideration for a landfill gas recovery facility is the 
availability of an adequate gas supply.  The gas flow can be estimated using information on the 
annual waste acceptance rate at a potential landfill, the number of years a landfill has been open, 
the number of years it has been closed (if applicable), and the rate of methane generation at the 
landfill.  Another consideration is the availability of natural gas supplies in the region.  If the 
natural gas supply in an area is sufficiently low in cost, a landfill gas recovery may not make 
economic sense if the option considered is sale of medium BTU gas or upgrade to pipeline grade 
natural gas.  Using gas onsite may still be an option, however, if there are environmental 
liabilities associated with landfill gas emissions in the area surrounding the landfill.  
 
7.5.13.4  Maintenance. 
 
a.  Combustion.  Typical maintenance for a biofuel combustion appliance is not unlike that for a 
conventional combustion appliance.  Activities include boiler and turbine routine maintenance, 
equipment repair, water treatment, ash disposal, and water makeup costs.  Routine inspections of 
boiler equipment, piping, fans, stacks, fuel processing equipment, controls and instrumentation, 
fire protection, and electrical hookup systems need to be performed.  Operation and maintenance 
costs are high relative to other renewable applications, a trade-off to the relatively large electrical 
and usable heat output that can be derived from implementation.  
 
b.  Gasification.  Gasification maintenance includes many of the basic activities required for 
combustion appliances.  Added gas turbine maintenance costs in gasification applications are 
$0.01/kWh over conventional natural gas conversion.  This will cover recurring maintenance 
costs along with turbine rebuilds as required.18  
 
                                                           
17 Army Corps of Engineers Construction Engineering Research Laboratories. (April 19, 1995). REEP 
(Renewables & Energy Efficiency Planning) Program Interim Manual. Champaign, Illinois. 
18 Army Corps of Engineers Construction Engineering Research Laboratories. (April 19, 1995). REEP 
(Renewables & Energy Efficiency Planning) Program Interim Manual. Champaign, Illinois. 
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c.  Fuel Cells.  A natural gas contains other systems and components in addition to the fuel cell 
stacks that require routine maintenance.  Water treatment beds and air filters require replacement 
every 3 to 4 months and do not require the system to be shut down.  There are a number of 
pressure vessels, associated pressure relief valves and pressure piping systems that require 
annual inspection and testing.  Routine annual maintenance typically requires a 2-day power 
plant shutdown.  During this shutdown, motors, valve actuators, and protection functions can be 
checked and serviced as necessary.  Four nitrogen cylinders, 235 standard cubic feet each, are 
required for each startup and shutdown cycle.  The fuel cell stack and fuel processors require 
complete overhaul every 5 to 10 years.  This is accomplished as a component change-out that 
requires a shutdown of several days.  The duty cycle, fuel composition, and load environment of 
the power plant determine the replacement/overhaul of these major components.  The 
manufacturer estimates planned and unplanned maintenance costs to be on the order of 
1.5¢/kWh of system operation, or approximately $26,000/yr. 
 
d.  Landfill Gas.  Landfill gas maintenance in operation focuses on gas collection and processing 
equipment.  Other maintenance issues relate to pipe blockage or breakage, and gaps in landfill 
gas production.  It is important to account for future landfill operations near gas collection 
systems.  Planning ahead avoids collection system shutdowns or reduced operating levels.  IC 
engine maintenance recommendations include frequent inspection and oil changes, use of oil 
with high alkalinity reserve, use of oil filters treated to neutralize biogas acids, and avoidance of 
chrome plates that can be affected by corrosion.  Turbines and boiler turbines may require 
addition of filtration capacity, strict maintenance of fuel/air controls, and refrigeration to prevent 
silica buildup in turbines.  
 
7.6  Acquisition Methods and Sources 
 
7.6.1  GSA Supply Schedule.  GSA posts a monthly list of supplies and services recommended 
for use by Federal agencies.  The list is broken down by categories, such as FSC Group 62, Part 
II, Energy-Efficient Products: Solar Panels and Lighting Products.  Updated lists can be obtained 
by mail or on the Internet at the GSA Web site.  Information included for suppliers and 
contractors includes product availability, telephone, address, and payment method information.  
Government contractors, Government corporations, Federal agencies, and other organizations 
authorized by statute may use contracts under the Federal Supply Schedule.  Payment may be by 
Governmentwide commercial credit card for many contractors and suppliers.  The Government 
commercial credit card is issued by the financial institution to Government employees to pay for 
official Government purchases.  Payment occurs following shipping of goods or completion of 
services.  Purchase orders cannot exceed the amount shown in the supplier/contractor's catalog 
or price list.  Federal Supply Schedule contracts contain Bid Purchase Agreement (BPA) 
provisions that allow purchasers to set up accounts for recurring expenses.  This can decrease 
administrative costs of purchasing procedures and increase the possibility of obtaining discounts. 
 
7.6.2  Commercial System Catalogs.  Procurement of prepackaged PV systems can be less 
complicated with the use of commercial system catalog services.  This method enables utilities 
that provide PV system installation and services to get “one-stop shopping” for their systems by 
organizing PV system configurations.  The advantage to utilities is the ability to get volume 
pricing discounts; this advantage is passed along to the consumer both in the form of cost 
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savings and system reliability.  NASA Centers may be able to use UESCs to obtain packaged PV 
system solutions. 
 
7.6.3  Request for Proposal (RFP).  The Federal Government can solicit bids from suppliers and 
contractors to obtain equipment or services. 
 
7.6.4  ESPC.  ESPC is a viable method of implementing a RE project at a specific site.  
Background information on ESPC, the Super ESPC, and technology-specific ESPC is contained 
in chapter 9. 
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CHAPTER 8.  Water Conservation 
 
 
8.1  Introduction 
 
Water conservation is the planned management of water to prevent exploitation, destruction, or 
neglect of water resources.  Water conservation management is a relatively new science that 
incorporates audits of resources and uses of water, water-saving solutions, installation of water-
saving solutions, and verification of water-cost savings.19  This paragraph discusses water 
conservation, its relation to energy conservation, and its effects as seen from different 
perspectives.  It also describes different types of water conservation measures and outlines the 
six steps involved in assembling an integrated and cost-effective water conservation program. 
 
8.2  Why Conserve Water? 
 
In areas where growing populations and businesses are straining aging water and sewer systems, 
one solution has been to upgrade or rebuild the water system to handle the growth.  However, 
upgrading existing systems is often prohibitively expensive partly because of recent water 
quality requirements and the age of many existing systems.  Water conservation is a viable 
solution for many systems.  The volume of water saved is equivalent to finding new resources 
without increasing the capacity of the existing water conveyance infrastructure.  Using less water 
also reduces the need for upgrading wastewater treatment systems. 
 
8.2.1  Water Utility Perspective.  Often it is the local water utility that has the biggest stake in 
water conservation activities.  The water utility must deal with securing additional water 
resources as water demands approach supply.  Water conservation activities can be a cost-
effective solution for meeting increasing demands for water.  For example, a 1988 study 
investigated the potential effects of installing water-saving equipment in every home in a 
Colorado town.  The report concluded that even if the equipment were installed free of charge, 
the program would experience a negative net cost.  The energy costs saved would have paid for 
the entire program.  From a water-savings point of view, the volume of water saved would have 
allowed the local drinking water and wastewater treatment facilities to meet peak demands for 
twenty more years.20   
 
8.2.2  Wastewater Utility Perspective.  Water conservation is also important to wastewater 
utilities, although for some different reasons.  Like water utilities, wastewater treatment plant 
operators have a constraint on the volume of water they can treat at any given time.  Wastewater 
in excess of this capacity might have to be released untreated, which may result in significant 
fines.  Usually, wastewater treatment plants operate at peak levels during or just after storms.  
This added load stresses the capabilities of wastewater treatment facilities.  Most customers pay 
a flat fee for service.  Therefore, there is no incentive to reduce the volume of water that goes 
down the drain.  Larger, industrial users may pay a fee based on the volume of water discharged 
                                                           
19 “Water Conservation Management: a New Approach to Saving Water for Communities and Businesses,” U.S. 
Water News Online, May 1997. 
20 Water-Efficient Technologies: A Catalog for the Residential/Light Commercial Sector, 2nd Edition, Rocky 
Mountain Institute Water Program, 1991. 
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as well as levels of solids, organic materials, and so forth.  For these types of customers, the 
wastewater utility might offer an incentive in conjunction with the water utility to reduce 
discharge. 
 
8.2.3  NASA Perspective.  NASA has engaged in water conservation efforts at several of its 
Centers.  These efforts focus on water conservation activities that reduce potable water 
consumption as part of an overall effort to eliminate wastewater discharges from industrial 
operations. Typical for most NASA facilities, the bulk of water consumed is for industrial-type 
end uses. 
 
8.2.4  Environmental Perspective.  Water resource development fueled the economic and 
population growth of the West.  Hundreds of rivers and streams have been confined by dams and 
diverted into thousands of miles of canals.  Fish and wildlife, have suffered as a result of this 
development.  Within the last 30 years, society began to put a greater value on the welfare of fish 
and wildlife and protecting the environment.  As a result, construction of large dams has 
basically stopped in the United States.  Meanwhile, economic and population growth continue.  
Solutions must be found for supplying the needed water for growing businesses and 
communities, while balancing the needs of wildlife.  Unfortunately, not every solution is 
completely successful. Almost any action will have both benefits and costs.  While a particular 
solution may benefit wildlife and the environment, it may leave less water for agriculture, or 
restrict an electric utility from using a hydroelectric plant to meet variations in electric demand.  
 
8.3  Water Conservation Requirements 
 
8.3.1 The DOE established Federal water conservation goals under the authority of Executive 
Order 13123.  The goals require Federal agencies to reduce potable water usage by 
implementing cost-effective water efficiency programs that include a water management plan 
and not less than four of ten separate water efficiency improvement Best Management Practices 
(BMP).  The ten BMPs are listed below and described in Appendix V: 
 
a.  BMP # 1 - Public Information and Education Programs 
b.  BMP # 2 - Distribution System Audits, Leak Detection & Repair 
c.  BMP # 3 - Water Efficient Landscape 
d.  BMP # 4 - Toilets and Urinals 
e.  BMP # 5 - Faucets and Showerheads 
f.  BMP # 6 - Boiler/Steam Systems 
g.  BMP # 7 - Single-Pass Cooling Systems 
h.  BMP # 8 - Cooling Tower Systems 
i.  BMP # 9 - Miscellaneous High Water-Using Processes 
j.  BMP #10 - Water Reuse and Recycling 
 
8.3.2  BMPs are considered implemented at a facility when all the following criteria are met: 
 
a.  Water management plans have been developed or revised and incorporated into existing 
facility planning processes and operating plans.  Center water management plans should be 
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incorporated into the Center Energy Efficiency and Water Conservation 5-Year Plans described 
in paragraph 3.2. 
 
b.  Applicable O&M options have been put into practice, and retrofit/replacement options have 
been reviewed within the last 2 years and those appropriate for implementation have been 
identified.  
 
c.  Applicable cost-effective retrofit/replacement options have been implemented.  
 
8.4  Developing a Water Conservation Program 
 
8.4.1  Figure 8-1 outlines six steps for developing a water conservation program and shows their 
relationship.  Table 8-1 lists and describes each of these steps, which are discussed in detail in 
paragraphs 8.5 through 8.10, including information on how to complete the step and where to go 
for additional information. 
 

Table 8-1.  Six Steps for Developing A Water Conservation Program 

 Step Description Paragraph 

Step 1 Water System Evaluation 
Determine current water use and future water demands.  Future demand 
forecast provides the necessary information to estimate potential water 
savings for the proposed water conservation measures. 

8.5 

Step 2 Supply Management Measures 
Examine water conservation measures that involve nonspecific end uses such 
as detecting and stopping water leaks, metering currently unmetered water 
uses, examining pricing strategies, disseminating public information and 
awareness, and complying with incentives and regulations. 

8.6 

Step 3 Demand Management Measures 
Examine water conservation measures that involve specific end uses such as 
domestic, irrigation, and industrial process water. 

8.7 

Step 4 Estimate Potential Water Savings 
Determine the potential water savings by end use and measure.   

8.8 

Step 5 Design Water Conservation Program 
Use the information gathered and analyzed in the previous steps to determine 
the best combination of water conservation measures to implement to 
maximize water conservation most cost-effectively.  Additional tasks include 
involving user/occupants and their input, researching regulatory 
requirements, establishing conservation goals, and estimating benefits and 
costs. 

8.9 

Step 6 Implement Water Conservation Program 
Undertake the tasks necessary to implement the water conservation program.   

8.10 
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FIGURE 8-1.  PROCESS FOR DEVELOPING A WATER CONSERVATION 
PROGRAM 
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8.5  Water System Evaluation 
 
8.5.1  Prescreening System Audit.  A water system evaluation should begin with a prescreening 
system audit to determine the need for a full-scale system audit.  Procedures for conducting a 
prescreening audit are described in BMP #2.  If results of the prescreening audit indicate that less 
than 90 percent of the total water supply into the system can be accounted for, a full-scale system 
audit and leak detection program should be conducted. 
 
8.5.2  Full-Scale System Audit.  A full-scale system audit provides a detailed account of the 
water volumes used by each end use summed up for the whole facility.  The audit will also 
determine if and where excess water is being used and ways in which its use can be reduced.  
The audit results are used to design an appropriate program for the facility to use water as 
efficiently as possible.  In addition, information on water quality required for, and discharged 
from, each operation, as well as variations in water demand, will be available from the water 
audit. When indicated, full-scale water audits should be conducted using a methodology 
consistent with that described in the American Water Works Association's "Water Audit and 
Leak Detection Guidebook, Number M36.”  Appendix W provides useful data collection forms 
for conducting full-scale water audits.  
 
8.5.3  Forecasting Future Water Demand 
 
8.5.3.1  General.  Forecasting is the calculation of information in advance of current or past 
information, adjusting for expected changes.21  Typically, the resource provider, in this case, the 
water utility, forecasts future water demand.  This is so they can acquire the necessary water 
supplies and develop the infrastructure to meet anticipated demand.  It usually is not necessary 
for the end user to perform water demand forecasts.  However, a water demand forecast made in 
conjunction with a water conservation plan would yield more accurate information about future 
water and related energy savings.  The forecast horizon is that period in the future over which 
demand is estimated.  Short-term forecasts are often defined as covering 3 years or less, whereas 
long-term forecasts may be from 5 to 20 years into the future.  The simplest type of forecast is to 
extend present conditions into the future.  Another type of forecasting method is the end use 
forecast.  With this method, water use is categorized by how it is used.  For example, toilets, 
urinals, showers, cooling tower bleed off, and landscape irrigation are all types of end uses.  One 
can estimate consumption for each end use by knowing the number of fixtures and how much 
water is used during a given period of time by each end use. 
 
8.5.3.2  Per-Capita Water Use.  Per-capita water (per day or per year) use can be calculated by 
dividing total water use (either per day or per year) by the number of personnel at the facility.   
 
8.5.3.3  Projection by Building or Facility Type.  Water consumption can be estimated by 
building or facility type by knowing how water is used in the building or facility.  After 
determining the types of end uses, you can estimate water use by either of two estimation 
techniques: tabulated values and field measurement.  Estimation based on tabulated values 
involves using published information to estimate the amount of flow used by standard water-
                                                           
21 Resource: An Encyclopedia of Energy Utility Terms, Second Edition, Pacific Gas & Electric Company, San 
Francisco, CA, 1992. 
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using operations.  Water uses for various devices can usually be obtained from the device 
manufacturers, from nameplate data, or from tables listing water consumption data.  It is 
important to note that where actual volumes are available, or can easily be measured, these 
should be applied, rather than using the table values. 
 
8.5.3.4  Flow Measurement.  Estimation of flows at a facility, based on field measurement, may 
be more appropriate for some water-use operations.  Some methods of field measurement include 
the following: 
 
a.  Flow Meters.  Temporary or permanent flow meters may be installed on water supply pipes, 
equipment, or wastewater discharge pipes to measure a given water flow.  Meters will produce 
the most accurate results over a long monitoring period.  However, the expense and expertise 
required are probably only warranted when: 
 
(1)  The flow accounts for a significant portion of the total flow. 
 
(2)  The flow has differing periods that should be recorded. 
 
(3)  The flow cannot be estimated using other less costly techniques. 
 
b.  Bucket and Stopwatch Estimation.  If the flow is constant and free flowing, as are some 
cooling waters, you can use a bucket and stop watch approach to estimate flow.  The time it 
takes a bucket of a known volume to be filled by the free flowing source is measured and a flow 
can be calculated.  The measurements should be repeated for accuracy.  This is a fast, effective, 
and inexpensive way to estimate flow. 
 
c.  Volume/Frequency Estimation.  If the flow is not free flowing, but fills a known volume, the 
frequency with which the volume (tank) is emptied or replaced can be used to estimate flow.  
This is also a fast and inexpensive method to estimate flow. 
 
d.  Flow Monitoring Records of Wastewater Discharges.  In rare instances, wastewater 
discharges may be monitored.  In these cases, the water supplied may be estimated from the 
recorded wastewater flows. 
 
8.5.3.5  Data Analysis.  The information gathered from the site visits and questionnaire can be 
conveniently presented in chart form that is suitable for entry into a software spreadsheet.   
 
8.6  Supply Management Measures 
 
8.6.1  General.  Responsibility for water supply management measures depends on who “owns” 
the supply and distribution system.  Typically, ownership changes at the meter.  The following 
provides additional information related to the supply management measures required in BMP #1 
and #2 in Appendix V. 

 
8.6.2  Leak Detection and Repair. 
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8.6.2.1  Water leaks often go undetected for months or years because of a lack of adequate 
submetering and the absence of visible indications of leakage.  Once leaks are detected, they 
may be difficult to locate with any precision, and digging is an expensive search method.  A 
large volume of all water consumed by residential, commercial, and industrial users is often lost 
because of leaky distribution systems.  Sources of unaccounted for water include leaks in mains 
and services, leaking meters, and defective hydrants.  Leak detection and repair methods for 
distribution systems require the analysis of water not accounted for in the distribution system.  
 
8.6.2.2  A distribution system leak detection and repair program begins with scanning the system 
with listening equipment.  A wide range of listening tools is available to detect system leaks.  
Hand-held listening devices for detecting underground water leaks typically cost from $1,000 to 
2,000 each, depending on their features.  Most have variable frequency ranges to detect all types 
of liquid leaks.  Most lead detectors also offer smaller probes that can be inserted into soil or 
water and larger probes for detecting leaks under concrete. 
 
8.6.2.3  If the listening equipment detects a possible leak, the next step you should take is to 
audit the section of the distribution system of concern, using flow measurement and scanning 
equipment.  This check will detect flows not attributed to leaks. 
 
8.6.2.4  Leak detection and repair programs have been used by a number of communities to 
reduce water lost from distribution systems.  The main advantage of a leak detection and repair 
program is the considerable water savings that may be realized once leaks are detected and 
repaired.   
 
8.6.3  Metering. 
 
8.6.3.1  Metering is not actually a water-use reduction method because it neither reduces water 
use nor encourages water conservation.  However, monitoring water use is a good way to gain 
the support of water users because users respond better when they can see results.  Using 
monitoring results along with water costs will provide water users with direct information on 
how efficient they are.  Some examples in which metering of water can be effective are as 
follows: 
 
a.  Meters may be used on individual pieces of equipment to provide users with direct 
information on the water that they use. 
 
b.  Meters may be used to measure water used in various discrete areas of a facility, so users in 
the area are aware of their water use efficiency.  For example, a discrete area may be a high 
water use laboratory or individual houses in a residential community. 
 
c.  The water conservation program coordinator can study records of the facility’s total water use 
to stay abreast of progress. 
 
d.  Metering may be used as an integral part of incentive programs to encourage users to reduce 
their water use. 
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8.6.3.2  Benefits obtained from using meters for monitoring water volumes are specific to the 
intended purpose of the meter.  The following are some general advantages of installing meters: 
 
a.  Monitoring water usage provides an accurate accounting of water used within the facility. 
 
b.  Meters provide long-term information that can be used to monitor the effectiveness of the 
water efficiency program. 
 
8.6.3.3  Disadvantages to meter installation include the following: 
 
a.  Meter records must be kept and studied regularly for the use of metering in demand 
management programs to be effective.  Therefore, costs of labor may be high. 
 
b.  In some areas in large facilities, complex piping layouts will prevent the use of a single meter 
to measure the desired group of water uses.  Thus, the requirement for many meters or piping 
changes may not warrant metering as a cost-effective measure. 
 
c.  Routine calibration or replacement of meters is necessary to maintain accuracy. 
 
8.6.4  Public Information and Education. 
 
8.6.4.1  Changes in people’s water using behavior can result in substantial water savings.  User 
education is essential to the success of a water conservation strategy that depends on user habit 
changes.  Some examples of user habit changes include: 
 
a.  Filling sinks for dishwashing or laboratory equipment washing instead of washing under 
running water. 
 
b.  Watering lawns and gardens at night to minimize water loss caused by evaporation. 
 
c.  Washing cars or other vehicles with a bucket of water instead of a hose. 
 
d.  Ensuring that taps are completely turned off and in public facilities, turning off taps left 
running. 
 
e.  Reporting leaky faucets, toilets, urinals, water fountains, and so forth to appropriate 
maintenance personnel. 
 
8.6.4.2  The list of user habit changes is extensive and applies to all types of water use 
operations.  Many of these will become evident to the auditor during the audit.  The main 
advantages of user habit change as water conservation measures are as follows: 
 
a.  There is virtually no implementation cost. 
 
b.  The results can be long term. 
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8.6.4.3  The main disadvantages to user habit change measures are as follows: 
 
a.  Participation of 100 percent of the water users will never be achieved, even with the most 
effective education program. 
 
b.  Follow-through may be required continually to ensure long-term results. 
 
8.6.4.4  Key elements of an information and education program include the following points: 
 
a.  A theme should be selected that represents the water efficiency program. 
 
b.  An education coordinator for the facility should be selected.  This person will coordinate the 
distribution of educational materials and the educational programs. 
 
c.  Educational materials, such as in-house newsletters, water conservation guides, and posters 
are needed to communicate the goals and user participation procedures to the users. 
 
d.  An education plan is required that includes the communication methods and the schedule of 
implementation and followup.  Usually, education programs will be designed to educate 
personnel about the program in general as well as specific water conservation methods.  
Educational activities specific to a water conservation measure (e.g. educating personnel to 
install toilet dams) should be coordinated with the implementation schedule. 
 
e.  Followup is very important to an educational program in which habit or attitude changes are 
required.  The followup will either encourage participation or inform the educator that the 
education program is either inadequate or too infrequent. 
 
8.7  Demand Management Measures 
 
8.7.1  General.  Demand management measures are specific to particular end uses and are 
installed at the discretion of the customer. The following provides additional information related 
to the demand management measures required in BMP #3 through #10 in Appendix V.    
Paragraph 8.7.2 describes measures for nonindustrial settings.  Paragraph 8.7.3 describes 
measures for industrial processes.  Section 161 of EPACT and Executive Order 13123 direct 
federal agencies to purchase products in the upper quartile of energy and water efficiency.  The 
Department of Energy has been working with the Defense Logistics Agency to identify products 
that meet this efficiency requirement.   Products that meet the efficiency requirement are 
identified with the  symbol in procurement documents and brochures.  In this paragraph, the 

 symbol indicates the maximum recommended water consumption by each type of device.   
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8.7.2  Nonindustrial Conservation Measures.  On a unit-by-unit basis, nonindustrial water 
conservation measures will not save as much as industrial measures.  However, they may make 
up for their small per-unit savings by being applicable to many locations.  For example, a facility 
may have only a half dozen cooling towers but hundreds of toilets, showers, and sinks, in 
addition to acres of irrigated landscaping.  As a result, the volume of water saved by cooling 
tower conservation measures may be exceeded by measures applicable to the other end users. 
 
8.7.2.1  Low-Flush Toilets.  Toilets have long been a favorite target for water conservation 
programs.  Until 1994, there were many different water-use standards for toilets.  Toilets 
manufactured before 1980 use an average of 7 gallons per flush (gpf) or 26 liters per flush (lpf).  
In addition, until 1994, the terms “low-flush” and “ultra low-flush” suggested two different types 
of toilets.  Typically, “low-flush” toilets use no more than 3.5 gpf (13 lpf), whereas “ultra low-
flow” (ULF) toilets use a maximum of 1.6 gpf (6 lpf).  Current United States law (Plumbing 
Products Efficiency Act of 1994 as ordered in EPACT) sets a maximum average use of 1.6 gpf 
(6 lpf).  Thus, as of January 1, 1994, 3.5 gpf (13 lpf) low-flow toilets can no longer be 
manufactured within or imported to the United States.  The exception to this rule is gravity-flow 
toilets specifically marked for commercial use only that have a maximum of 3.5 gpf (13 lpf).  
These units were allowed to be manufactured until January 1, 1997.   
 
8.7.2.2  Ultra Low-Flush Toilets.  As of 1996, 1.6 gpf (6 lpf) ULF toilets made up about 80 
percent of all toilet shipments.22  Unfortunately, not all 1.6 gpf (6 lpf) toilets are created equally.  
Differences in engineering designs, materials, and quality control create toilets that vary in 
performance and reliability.  Some manufacturers have also taken shortcuts when producing 1.6 
gpf (6 lpf) toilets.  These include the use of flapper flush valves that close early, allowing the 
toilet to flush at 1.6 gpf (6 lpf) even though the tank holds far more water.  Others have installed 
a plastic bucket-type dam around the flush opening in the tank, holding back part of the water in 
the tank and using only the top 50 to 75 percent of the reservoir to produce a flush.  This device 
allows the toilet to flush with the water from the top of the tank, utilizing the pressure of the 
higher column of water.  The prevalence in the marketplace of toilets that use larger volume 
tanks and rely on dams or early closure valves to limit water use has become a major concern for 
water agencies.  Such toilets can be readily modified to use more water either during or after 
installation.  In some cases, a 1.6 gpf (6 lpf) toilet can be easily turned into a 4 gpf (15 lpf) toilet.  
There are three common varieties of toilets found in facilities: gravity flow, pressurized tank 
systems, and flush valve (flushometer). 
 
a.  Gravity Flow.  Gravity flow toilets have a bowl and a tank and are most commonly found in 
residential settings but are found in some commercial/business settings.  They depend on the 
volume of water in the tank to flush wastes and usually require water pressure of no more than 
10 to 15 pounds per square inch (psi) or 69 to 103 kilopaschals (kPa) to operate properly.  
Gravity tank toilets make up about 80 percent of all toilets in use, partly because they are 
inexpensive.  Gravity flow ULF toilets range from $95 to 880 with a median cost of about $270 
(based on white color, both round and elongated bowls). 
 

                                                           
22 Edward R. Osann and John E. Young, Saving Water, Saving Dollars: Efficient Plumbing Products and the 
Protection of America’s Waters, Potomac Resources, Washington, D.C., April 1998. 
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b.  Pressurized Tank Systems.  This relatively new design uses water-line pressure to achieve a 
higher flush velocity.  Water is not stored inside the tank but in a tank that compresses a pocket 
of air and releases pressurized water into the bowl and out the trap.  They require a minimum 
water pressure of 25 psi (275 kPa) to operate well.  Pressurized tank ULF toilets range from 
$335 to 915 with a median cost of about $500 (based on white color, both one- and two-piece 
models). 
 
c.  Flush Valve (Flushometer).  This is the type of toilet usually found in many public restrooms.  
This design has no tank.  Instead, this toilet uses a valve directly connected to the water-supply 
plumbing of a building.  This valve controls the quantity of water released by each flush.  Unlike 
tank-type toilets, flushometer-valve toilets must accommodate different water pressures at 
different points in a building.  Typically, the valve and bowl are sold separately.  Flushometer 
toilets usually require a minimum water pressure of 25 to 40 psi (172 to 275 kPa) to operate 
well. Flushometer ULF bowls range from $175 to 450 with a median of about $235 (based on 
white color, both round and elongated bowls, and floor- and wall-mounted models); valves range 
from $70 to 100 with a median of about $75. 
 

 : 1.5 gpf (5.7 lpf) or less.   
 

8.7.2.3  Waterless Urinals.  Waterless urinals are one of the newest water conservation measures 
available.  Over 40 Government installations–both Federal and State agencies–have already 
installed waterless urinals.  The waterless urinal resembles a conventional urinal and is easily 
installed.  They are connected to the regular waste lines but do not need a water supply.  Without 
the need for water, flush valves and handles are eliminated.  The urinal bowl surfaces are urine 
resistant so urine drains without rinse water.  Daily cleaning of waterless urinals is important for 
odor control.  A disposable trap is located at the bottom of the urinal in the urinal outlet.  A layer 
of immiscible, deodorant liquid floats on top of a layer of urine in the trap.  The liquid blocks out 
sewer gases and urine odors from the room.  Three ounces of the liquid should be added to the 
trap after every 1,500 uses.  The trap itself should be replaced about six times per year.  The 
operating costs for waterless urinals are only about $1.00 per 1,000 uses.  Waterless urinals can 
offer very short payback periods–between 1and 3 years–on water and sewer charges alone if no 
restroom modifications are necessary.  Waterless urinals cost $420 each or as little as $380 when 
purchased in lots of 100.  Conventional urinals consuming 1.0 gpf or less range in cost between 
$180 and 500. 
 

 : 1.0 gpf (4 lpf) or less.   
 

8.7.2.4  Toilet Tank Displacement Devices.  A toilet tank displacement device is simply an 
object that is placed into the toilet tank that saves as much water with each flush as it displaces.  
Devices designed specifically for toilet tank displacement are commercially available.  Usually 
they are vinyl bags or plastic bottles that are filled with water or pebbles then placed in the 
bottom of the toilet tank.  Another displacement device is the toilet dam.  This usually consists of 
two flexible panels, approximately 6”×9”, placed at the bottom of the tank on either side of the 
flapper valve.  Since they are wider than the tank, they are bent for installation and act like a dam 
when in place.  These types of devices are not often endorsed by water utilities since they often 
perform poorly and have low persistence of savings.  The poor performance causes an increase 
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in the number of double flushes that mitigate any water savings caused by the device.  The 
persistence of a conservation measure is the length of time it stays effective.  Displacement 
devices can be easily removed if the homeowner or facility manager is unhappy with the 
performance.  Because conventional toilets were not designed to operate on less water, 
performance can be significantly degraded by the installation of displacement devices.  Toilet 
tank displacement devices cost between $1 and 3. 
 

 : No recommendation.   
 

8.7.2.5  Variable Flush Time Devices.  Variable flush time devices are most often replacement 
flappers.  Flappers are the valves at the bottom of the toilet tank that are attached to the flush 
handle by a chain.  When the toilet is flushed, the flapper opens releasing the water from the tank 
into the bowl.  When the water in the tank lowers to a certain level, the flapper closes and the 
tank refills.  Most variable flush flappers have an adjustable float that changes how low the water 
level gets before the flapper closes.  Variable flush time devices, like the toilet tank displacement 
devices, are usually not promoted by water utilities since they have low savings persistence.  The 
problem is that once the flapper valve fails, the same type of valve may not replace it.  Also, 
depending on the toilet, the volume of flush water after installation may be inadequate for proper 
flushing.  How much water is saved depends upon the type of device used and what type of toilet 
it is put in.  Toilets that use more water will result in more savings.  The nonadjustable flappers 
can save up to 2.5 gpf (9 lpf).  The adjustable flappers will probably reduce water consumption 
by about one half.  Variable flush timing devices cost between $5 and 10.   
 

 : No recommendation. 
 

8.7.2.6  Dual Flush Devices.  Dual flush devices allow the toilet operator to choose the type of 
flush based on whether liquid or solid wastes are flushed.  The most common type of dual flush 
device has two handles, one for each type of waste.  The liquid flush cycle uses about 1.25 gpf (5 
lpf) while the solid cycle uses about 2.5 gpf (9 lpf).  Use of dual flush toilets is infrequent 
probably because many toilet users were unfamiliar with how to use them because the handles 
were unlabeled.  No price data was available.   
 

 : No recommendation. 
 

8.7.2.7  Low-Flow Showerhead (Water Saving Showerhead).  Most conventional showerheads 
operating at a supply pressure of 40 to 50 psi (275 to 344 kPa) typically use 4.5 gpm (17.0 liters 
per minute [lpm]): less efficient models use as much as 8 gpm (30 lpm).  In contrast, low-flow 
showerheads deliver considerably less water and, therefore, consume less energy.  By current 
United States law (Plumbing Products Efficiency Act of 1994 as ordered in EPACT), all 
showerheads sold in the United States may only deliver a maximum of 2.5 gpm (9 lpm) when 
measured at 80 psi (550 kPa).   Early on, public reaction to low-flow showerheads was generally 
negative.  This was because of the use of flow restrictors and showerheads with comparatively 
poor shower quality and performance, including “misty” spray patterns that people were not used 
to.  Flow restrictors are washer-like disks that fit inside showerheads and are easy to retrofit.  
However, flow restrictors provide poor water pressure in most showerheads.  Flow restrictors are 
rarely used presently.  Now, many showerheads have adjustable sprays that have the “feel” of 

 

 

 



  

  113

greater water flow than is actually the case.  Some also provide water massage features.  Others 
feature flow-control valves that allow the user to reduce or stop the flow of water during 
activities such as washing, rinsing, or shampooing for additional water savings.  While many of 
the low-flow showerheads available now are designed for residential use, most are applicable for 
commercial use.  The residential models are sometimes made of high impact ABS thermoplastic 
with brass fittings, but most are chrome-plated solid brass.  The commercial-grade models are 
typically of chrome on brass construction, wall-mounted, self-cleaning, and vandal resistant. 
Low-flow showerheads range from $7 to 70.  The simple, nonadjustable technologies are the 
least expensive, whereas the sturdy, commercial-grade technologies cost more.  It is difficult to 
estimate exactly how much water and energy is saved by low-flow showerheads.  The actual 
value of water and energy savings attributable to a showerhead depends on several factors: 

 
a.  Flow rate of the old showerhead. 
 
b.  Number of people taking showers. 
 
c.  Length of showers. 
 
d.  Price paid for water, sewer, and energy. 
 

: 2.2 gpm (8 lpm) or less when measured with inlet water pressure of 80 psi (550 kPa) 
 

8.7.2.8  Low-Flow Faucets.  Low-flow faucets for commercial applications fall into two 
categories: self-closing and “no-touch.”  The self-closing faucets require the operator to press on 
a handle to start the flow of water.  After a certain amount of time, the valve closes 
automatically.  The timing cycles are usually adjustable from 5 to 20 seconds.  Flow rates are 
usually adjustable.  No touch faucets use either an infrared or microwave sensing device that 
turns on the water when the device detects an object under the faucet.  The water is shut off after 
the user removes his or her hands.  Flow rates are adjustable up to 1.5 gpm (5.7 lpm).  These 
units require 110- to 120-V power; some have 24-V transformers.  Conventional restroom 
faucets can use from 3 to 7 gpm (11 to 27 lpm).  It is thought that a flow rate of 1.5 gpm (5.7 
lpm) is sufficient for wetting and washing hands.  Flow control faucets can save about 3 to 5 
percent of total indoor water use and save on water heating costs.  Self-closing faucets cost 
between $80 and 225 with a median price of about $145.  “No-Touch” faucets cost between 
$240 and 1,400 with a median price of about $270.  “No-Touch” lavatories (integrated precast 
pedestal lavatory with three faucets) cost $2,150. 
 

: 2.0 gpm (7.6 lpm) or less when measured with inlet water pressure of 60 psi (413 
kPa) 
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8.7.2.9  Indoor Leak Repair.  Indoor leak repair kits are simple, easy-to-use fixes for small leaks.  
One such product consists of a 2″×60″ strip of water-activated fiberglass tape.  The tape needs 
only to be dampened (it can even be applied under water) then wrapped around the leaking pipe.  
The manufacturer claims that the tape adheres to almost any plumbing material, including 
copper, galvanized steel, PVC, clay, rubber, and fiberglass.  Indoor leak repair kits cost between 
$10 and 15.   
 

: No recommendation. 
 

8.7.2.10  Indoor Leak Detection Systems.  Leak detection systems are available that will sound 
an alarm when they detect water.  One system offers the ability to connect up to 10 detectors that 
are hard-wired (wireless units are available) to a valve unit installed on the incoming water line.  
When one of the detectors senses water, the valve shuts off the water supply and sounds an 
alarm.  This unit is limited to ¾” incoming water pipes.  Power is supplied by 110 V, 220 V, or 
batteries.  Another system has one wireless, battery-powered sensor.  When the sensor detects 
water, it commands a receiver unit to sound an alarm, but it does not shut off the water supply.  
Indoor leak detection systems cost between $35 for the single alarm system and $350 for the 10-
sensor shut-off system. 
 

: No recommendation. 
 

8.7.2.11  Water-Efficient Appliances.  Commercial washing machines use from 1.3 to 2.0 
gallons per pound (g/lb) or 2 to 3 liters/kilogram (l/kg)of clothes washed, with 2.0 gallons being 
most common.  These machines are horizontal-axis, front-loading with capacities between 10 
and 200 lb (5 to 90 kg) per load.  Horizontal-axis machines can wash clothes using one third less 
water than vertical-axis washers.  For example, a horizontal-axis, water-efficient washer (1.5 
gallon/lb or 3 l/kg) with a 35 lb (16 kg) capacity would consume 53 gallons (201 liters) of water, 
compared to approximately 150 gallons (568 liters) for a conventional vertical-axis washer.  
Water-efficient commercial clothes washers cost between $1,800 for 10 lb (4.5 kg) capacity and 
$65,000 for 200 lb (90 kg) capacity; a 35 lb (16 kg) unit costs between $4,000 and 6,500.  
 

: No recommendation. 
 

8.7.2.12  Fixture Retrofit Kits.  Federal standards for water fixture efficiency apply only to new 
fixtures.  Existing fixtures may be made more efficient by retrofits with water-saving kits.  Kits 
are often distributed with a number of water conservation measures by water utilities.  For 
example, a water utility may distribute kits containing toilet tank displacement devices and 
faucet aerators.  While the actual savings from these measures may not be significant, they may 
serve a more important purpose of making customers aware of the importance of water 
conservation.  Some of these products include: 
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a.  Flush Valve Retrofits.  The measures falling under this heading would include the measures 
discussed under Variable Flush Time Devices).  They might also include replacements for the 
float-ball toilet valves.  However, as for the flapper-valve retrofits, users may experience 
degradation in toilet performance because their toilet was not designed to operate with less 
water.   
 
b.  Pressure-Reducing Valves.  The water pressure necessary for commercial applications 
depends on the end use.  Supply-line pressure will also vary with the location, size of the main, 
geography, and other factors.  Most commercial pressure-reducing valves (PRVs) are suitable 
when incoming pressure is between 70 and 300 psi (483 and 2,068 kPa) and water supply needs 
are 110 gpm (416 lpm) or less, and water temperatures generally below 180°F (82°C).  Most 
PRVs are self-regulating in that they automatically increase water flow in response to decreasing 
indoor water pressure caused by increased water use.  PRVs can reduce water pressure without a 
reduction in water service.  For example, a pressure reduction from 80 to 50 psi (550 to 344 kPa) 
will result in a 25 percent reduction in water consumption.  Pressure-reducing valves are priced 
according to pipe size, as shown in Table 8-2. 

 
TABLE 8-2.  PRESSURE-REDUCING VALVE PRICES 

 
 

Pipe Size
Estimated List 
Price Range 

½” $42-$78 
¾” $48-$90 
1” $74-$140 

1-¼” $150-$280 
1-½” $175-$315 

2” $245-$450 
 
c.  Faucet Flow Controls.  Faucet flow controls are devices that attach to a faucet giving the user 
the ability to adjust the flow of water from the faucet without changing the hot/cold mix.  They 
provide up to 2.5 gpm (9.5 lpm) and allow the user to reduce flow to a trickle or shut it off 
completely (depending on the product) by flicking a wire bail.  Some models of flow controls 
may also aerate the water.  Water savings will vary with each model and are difficult to estimate.  
Faucet flow controls cost between $8 and 20. 
 
d.  Faucet Flow Regulators.  Faucet flow regulators limit the flow of water to 0.5 to 2.5 gpm (1.9 
to 9.5 lpm).  Typically, they are of either of two types: pre-faucet or on-faucet. 
 
(1)  The pre-faucet type that is installed before the faucet has limited applications.  It is intended 
for old-style china lavatories that have built-in faucets.  Because the faucet is china, there are no 
threads to attach the regulator.  Therefore, one must be placed on both the hot and cold water 
supply lines.  These supply either 2.0 or 2.5 gpm (7.6 or 9.5 lpm) flow rates.  Water savings will 
vary and are difficult to estimate.  Pre-faucet flow regulators cost approximately $16. 
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(2)  The on-faucet regulator looks like and is installed like an aerator and can provide either a 
laminar (nonaerated) or aerated flow.  The flow type is fixed and must be specified when 
ordering.  These have flow rates of 0.5, 1.5, or 2.0 gpm (1.9, 5.7, or 7.6 lpm).  Water savings will 
vary and are difficult to estimate.  On-faucet flow regulators cost between $5 and 17, depending 
on thread size and whether a vandal-proof housing is desired. 
 
e.  Faucet Aerators.   Aerators placed on the faucet add air to the water stream, increasing the 
effectiveness of the flow and reducing water use.  Some types of aerators serve only as aerators, 
while others are combined with flow reduction or flow control capabilities.  Aerators alone do 
not reduce water flow, but they mix air with the water to give a softer, wider flow that provides 
better dampening coverage.  This induces the user to not turn the water on as forcefully, reducing 
water use.  Most aerators have a flow rate of 2.0 gpm (7.6 lpm).  Water savings with aerators will 
vary and are difficult to estimate.   Market penetration of faucet aerators is probably the highest 
of any water conservation measure.  Virtually every faucet (except for laundry tub faucets) 
already has an aerator.  Therefore, the potential savings are not high.  Faucet aerators cost less 
than $3.   
 
8.7.2.13  Lawn Irrigation.  Over-irrigation of lawns is often caused by lack of information about 
how much water lawns really need.  Producing a lawn watering guide is usually quite simple 
because of the available research on lawn water needs.  These guides can be produced to help 
facility managers determine local lawn water needs.  The only information needed to accurately 
determine proper watering times is the amount of water applied each hour and the hourly rate of 
evapotranspiration.  The amount of water applied can be easily determined by placing at least 
five collecting vessels (such as cans or cups) around the lawn and turning on the sprinkler system 
for exactly 15 minutes.  After measuring the depth of the water in each of the vessels, determine 
the average the depths and multiply by four.  The result is the hourly application rate.  
Evapotranspiration (ET) is the water evaporated from the ground or used by the plant.  Figures 
for ET are usually given for a 1-day period.  For example, an ET of 0.25 inches (6 mm) means 
that during a 24-hour period, a lawn would have required 0.25 inches (6 mm) of water to 
maintain the same moisture level as the day before.  Ideally, the rate at which water is applied 
should equal the rate of ET.  Information on ET is usually available from State agricultural or 
cooperative extension offices. 
 
8.7.2.14  Low-Water-Use Plants.  Choosing low water-use plants does not necessarily mean the 
same as xeriscaping.  It means placing vegetation where it will thrive without additional 
attention or watering.  The best plant to use in almost any situation, especially when water 
conservation is an issue, is a native or other plant well suited to the local climatic conditions.  
Important points that need to be taken into consideration are the plant’s growth rate, mature size, 
life span, brittleness, and its light, water, and soil pH requirements.  Expensive and time-
consuming problems can be avoided by matching plant requirements with site realities, and by 
correctly placing appropriate plants.  Use of “foreign” plant materials often leads to problems of 
survivability, insect infestation, and diseases.  Excessive money and labor is often required to 
keep the “foreign” greenery alive.  Work with a knowledgeable, trained horticulturist familiar 
with local conditions to identify suitable native or other plants. 
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8.7.2.15  Low-Water-Use Landscaping (Xeriscape).  Xeriscaping is the practice of landscaping 
using plants with very low water requirements.  The benefits of xeriscaping include reduced 
water use, decreased energy use because of less pumping and pretreatment, decreased storm 
water and irrigation runoff, fewer landscaping wastes, and lower labor and maintenance costs.  
Appendix X contains a xeriscape water consultation checklist.  This checklist can be used to 
determine how well a landscaped area meets the seven principles described below: 
 
a.  Planning and Design - A properly planned landscape takes into account the regional and 
micro-climatic conditions of the site, existing vegetation and topographical conditions, the 
intended use of the property, and, most importantly, the zoning or grouping of plant material by 
their water needs. 
 
b.  Soil Analysis - Soils vary from one site to another and even within a given site.  A soil 
analysis based on random sampling will provide information to allow proper selection of plants 
and, if needed, soil amendments.  When appropriate, soil amendments can enhance the health 
and growing capabilities of the landscape by improving water drainage, moisture penetration, 
and the soil’s ability to hold water. 
 
c.  Selection of Suitable Plants - The keys to plant selection are adaptability to the landscape 
area, desired effect, color, texture, and ultimate plant size.  Most importantly, plants should be 
grouped with their respective water needs and to achieve the desired aesthetic effect.  Maximum 
water conservation can be achieved by selecting plants that require minimal supplemental 
watering. 
 
d.  Practical Turf Areas - Locate turf grass in areas of the landscape where it will provide the 
most functional benefit, such as recreational areas or on slopes to prevent erosion. 
 
e.  Efficient Irrigation - Irrigation should be customized to meet the needs of plants being 
watered and should be operated efficiently and effectively at all times. 
 
f.  Use of Mulches - Mulch is vital to a water-efficient landscape.  It not only conserves soil 
moisture and controls erosion, but also helps reduce weeds that compete with ornamental plants 
for water.  Mulch also reduces certain soil-borne diseases that stress plants and cause them to 
have a higher demand for water.   
 
g.  Appropriate Maintenance - When the first six principles have been followed, maintenance of 
a xeriscape landscape is easier and less expensive.  In addition to using less water, minimum 
amounts of fertilizers, pesticides, and other chemicals are needed to maintain the plant vitality. 
 
8.7.2.16  Drip Irrigation Systems.  Drip irrigation is one of the most efficient methods of 
irrigation because the water is emitted slowly and evenly directly to the root zone of the plant.  
Water lost through evaporation and overspray is virtually eliminated and runoff is eliminated, 
especially on slopes and banks. 
 
a.  Components.  The basic components of a drip system are a pressure regulator, filter, drip 
tubing, connectors, and emitters or sprayers.  A pressure regulator is necessary because drip 
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systems work best in a pressure range between 15 and 25 psi (103 and 172 kPa), which is 
significantly lower than most commercial water systems.  Without a pressure regulator emitters 
and spray heads tend to leak and “blow out.”  Filters are also necessary to prevent the emitters 
and sprayers from clogging.  Most existing sprinkler system can be converted to drip systems. 
 
b.  Applications.  Most types of plants, with the exception of turf, can be irrigated with drip 
systems.  This includes trees, shrubs, container plants, ground covers, and even indoor plants.  
Drip systems are especially adaptable to the diverse needs of different plants because emitters 
and sprayers are available in various flow rates.  For example, a plant needing 2 gallons (8 liters) 
of water during a 1-hour irrigation cycle can be located next to a plant needing 10 gallons (38 
liters) since each plant would have its own emitter.   
 
8.7.2.17  Irrigation Scheduling.  Irrigation scheduling is the decision of when and how much to 
irrigate.  These factors might include what day of the week it is, what the weather is like, how 
the plants look, or what the moisture sensor indicates.  There may be no decision at all if 
watering is left entirely to an automated system.  Use of moisture sensors and soil tensiometers 
can help determine actual watering requirements.   
 
8.7.2.18  Mulching and Soil Preparation.  Mulches hold soil moisture, reduce weed growth, slow 
erosion, build soil texture, and increase root density by keeping soil cooler in summer and 
warmer in winter.  Mulches usually consist of leaves, grass clippings, shredded wood, pine bark, 
pine straw, nut hulls, or sawdust.  Soil humus is built by incorporating leaf litter and lawn 
clippings as well as other organic mulches.  As a soil preparation, mulch should initially be 
applied about 3 inches deep, except at trunks of trees where too much moisture can harm the 
bark.  Under deciduous trees, leaf litter eventually becomes mulch if left undisturbed.  Chipping 
locally produced wood waste for mulch can be less expensive than disposal or purchase.  Top-
dressing annually with organic mulches will result in the mulch being absorbed into the soil.   
 
8.7.2.19  Wastewater (Graywater) Recycling.  Reclaimed wastewater, sometimes referred to as 
irrigation quality water, is another possible source of water for irrigation.  It may be obtainable at 
attractive rates from a nearby wastewater treatment plant.  It may also be attainable from the 
discharge point of certain processes within the facility (as long as the discharge does not contain 
any harmful substances).  Although prices vary greatly around the country, treated wastewater 
costs significantly less than potable water. 
 
a.  Precautionary Requirements.  Treated wastewater must be carefully isolated from potable 
water distribution and all irrigation quality hose bibs must be clearly indicated as nonpotable 
water with purple signs or tape.  Disposal into a body of water should also be avoided as it can 
cause serious disruption to aquatic ecosystems.  Treated wastewater can be stored no more than 
48 hours before use or discharge to the municipal sewer.  The size and storage capacity of the 
recycled water system must take this into account.  In addition, reclaimed water should be 
maintained at a pressure of 10 psi (69 kPa) lower than the potable water mains to prevent 
backflow and siphoning in the event of an accidental cross-connection.  The National Sanitation 
Foundation’s Standard 41, which regulates the minimum water quality for recycled wastewater, 
is shown in Table 8-3. 
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Table 8-3.  The National Sanitation Foundation’s Standard 41 
 

Component Maximum 
Limits 

BOD 5 mg/l 
Suspended Solids 5 mg/l 
Total Coliform 2.2 counts/100 ml 
Turbidity 1 mg/l 
Nitrogen 
Removal 

85% – 95% 

 
b.  Applications.  Wastewater generally receives primary and secondary treatment at a 
wastewater treatment plant.  After treatment, wastewater can be used to irrigate selected lawn 
areas.  Treated wastewater, while clean, is often low in dissolved oxygen and high in nutrients 
such as nitrogen, phosphorus, calcium, potassium, and magnesium.  Therefore, it should be 
applied using impact-type sprinklers because spraying the treated water allows for aeration.  As 
it flows down through the soil, most of the nutrients are absorbed by the soil.  Growth rate 
comparisons have shown that treated wastewater has a remarkable fertilizing effect. 
 
8.7.3  Industrial Process Conservation Measures 
 
8.7.3.1  General.  Major industrial water uses at NASA facilities involve wash and rinse 
operations, boiler make-up water, chiller make-up water and cooling tower make-up water.  
Conservation efforts should be concentrated on major end uses.  Metering can help identify 
conservation opportunities and prevent wasteful operating practices.  The measures discussed in 
this paragraph reuse the discharge water from industrial processes found at NASA facilities.  
These will typically involve filtration or posttreatment to allow reuse by the same or another 
process.  Costs for these systems will vary widely by capacity and purpose.  
uses and concentrate efforts on the same. 
 
8.7.3.2  Recirculation.  Recirculation systems are systems that allow the reuse of water that has 
previously been used in another process.  Treatment may be required before subsequent uses.  
Examples of water recirculation include the reuse of gray water for lawn watering and reuse of 
process or cooling water in other processes in commercial/industrial facilities.  The primary 
advantages of water recirculation measures are that the results are long term and a high level of 
water savings is possible.  Disadvantages include the expense of the systems because of the 
specific designs necessary for each individual situation.  There are three steps to determine 
whether water recirculation is applicable for a given process: 
 
a.  Verify the minimum water quality necessary for the process that will use the recirculated 
water. 
 
b.  Determine the quantity of water quality and quantity required for the process and identify the 
wastewater sources that meet those requirements. 
 
c.  Decide how the water can be physically transported to its new use. 
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8.7.3.3  Recycling.  Returning water to the same application for which it was originally used is 
recycling.  Treatment may be required before subsequent uses. Examples of recycling systems 
include recycling cooling water for air-conditioning systems and recycling steam condensate as 
boiler feedwater. Another method to decrease water use is through recirculating washracks for 
vehicles.  Not only is use of potable water minimized, discharge to the sanitary system is 
eliminated.  The primary advantages to water recirculation measures are that the results are long 
term and a high level of water savings is possible.  Disadvantages include the expense of the 
systems because of the specific designs necessary for each individual situation.  There are three 
steps to determine whether water recycling is applicable for a given process: 
 
a.  Verify the minimum water quality necessary for the process. 
 
b.  Quantify the degree of water quality degradation resulting from the process. 
 
c.  Determine the treatment steps necessary to prepare used water for recycling. 
 
8.7.3.4  Ozonation.  The use of ozone as a treatment for cooling tower water has good potential 
for operation and maintenance savings in the federal sector.  A small amount of ozone acts as a 
powerful biocide that decreases or nearly eliminates the need to bleed-off quantities of water 
from the cooling tower in an effort to decrease the concentration of organic and mineral solids in 
the system.  Ozone treatment can also reduce the need for adding chemicals to cooling tower 
water.  However, ozone may stimulate corrosion under certain circumstances.  In a properly 
installed and operating system, bacterial counts are reduced, minimizing biofilm buildup on heat 
exchanger surfaces.  The resulting reduction in energy use, increased cooling tower operating 
efficiency, and reduced maintenance effort provide cost savings as well as environmental 
benefits and regulatory compliance with respect to the discharge of wastewater from cooling 
tower bleed-off.  
 
8.7.3.5  Reverse Osmosis.  Reverse Osmosis (RO) is a process in which water is forced by 
pressure (at least 35psi/241 kPa) through a semi-permeable membrane.  Water passes through 
the membrane while the dissolved and particulate materials remain, then are drained.  With 
proper pretreatment and equipment, it is not difficult to achieve RO efficiencies of up to 70 
percent.  RO systems are typically used to remove dissolved solids such as salts and minerals 
(lead/mercury) from the water (up to 2,000 ppm).  Most RO units are not capable of removing 
nitrates to meet EPA recommended levels.  RO units also cannot remove chemicals, bacteria, or 
chlorine.  Also, hard water will foul the membrane prematurely.   
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8.7.3.6  Ultraviolet Water Filter Systems.  Ultraviolet (UV) disinfecting is a positive alternative 
to using environmentally harmful chemicals.  High doses of UV light energy at a wavelength of 
254 nanometers destroys pathogenic microbes by disabling their reproductive process.  Without 
the ability to reproduce, the microbe is harmless and considered dead.  Depending on the 
turbidity of the water, multiple sediment filters may also be required before the UV system.  If 
color or suspended particles are present, the transmission quality of any UV light is diminished 
and its disinfecting properties are then limited.  When this is a problem, a carbon filter may be 
needed after the sediment filter and before the UV unit. 
 
8.7.3.7  Acid Neutralizers.  Acidic water can corrode pipes and equipment leading to thousands 
of dollars worth of damage.  The telltale signs of acidic water (if using copper pipe) are blue or 
green stains at the bottom of sinks or tubs.  Acid neutralizing systems operate by passing the 
acidic water through either calcite or Corosex mediums that are dissolved into the water 
balancing out the pH level.  A calcite system uses crushed and screened white marble limestone 
that is dissolved in the water to neutralize acidic water.  The dissolved limestone in the water is 
responsible for the increase in hardness.  A Corosex system uses reactive magnesia oxide that, 
like calcite, is dissolved in the water.  There are other acid neutralizing systems available for less 
acidic water that feed a liquid solution of soda ash or sodium hydroxide into the water system.   
 
8.7.3.8  Ion Exchange Resins.  Natural water supplies contain dissolved salts that dissociate in 
water to form charged particles called ions.  These ions are usually present in relatively low 
concentrations and permit the water to conduct electricity.  They are also referred to as 
electrolytes.  These ionic impurities can lead to problems in cooling and heating systems, steam 
generation, and manufacturing.  The common ions that are encountered in most waters include 
the positively-charged cations; calcium and magnesium (the hardness forming cations that make 
a water “hard”), and sodium.  The negatively charged anions include alkalinity, sulfate, chloride, 
and silica.  Ion exchange resins are well suited for the removal of these ionic impurities for 
several reasons: 
 
a.  The resins have high capacities for ions that are found in low concentrations. 
 
b.  The resins are stable and readily regenerated. 
 
c.  Temperature effects are for the most part negligible. 
 
d.  The process is excellent for both large and small installations; for example, from home water 
softeners to huge utility installations.   
 
8.7.3.9  Magnetic/Electrostatic Scale Control.  Magnetic or electrostatic scale control 
technologies can be used as a replacement for chemical softening, ion exchange, and reverse 
osmosis, when used for the control of hardness.  Potential applications include cooling water 
treatment and boiler water treatment in once-through and recycling systems.  The primary energy 
savings from this technology result from a decrease in energy consumption for heating or 
cooling applications.  This savings is associated with the prevention or removal of scale build-up 
on a heat exchange surface: even a thin film can increase energy consumption by nearly 10 
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percent.  Secondary energy savings can be attributed to reducing the pump load or system 
pressure required to move the water through a scale-free, unrestricted piping system. 
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8.8  Estimate Potential Water Savings 
 
8.8.1  Potential Savings from Supply Management Measures.  Table 8-4 summarizes the water 
savings potential for the water conservation measures implemented by a water utility.  Note that 
the savings for each measure will vary, depending on a number of factors.  Refer to the 
technology descriptions in paragraph 8.6 for more detailed assessments on potential water 
savings. 
 

Table 8-4.  Potential Water Savings from Supply Management Measures 
 

Utility Supplier Measure Potential Savings 
Leak reduction • Varies–Estimated to be as high 

as 40 percent. 
Metering • Varies–One study showed 

metered residential customers use 
30 percent less water than 
unmetered customers.23 

Pricing • Varies by pricing structure but 
price elasticity of demand for 
water typically thought be 
inelastic. 

Public information and 
awareness 

• Varies–Estimated to be 5 
percent. 

Training • Varies 
Incentives and regulations • Varies–Estimated to be 10 to 20 

percent. 
 
 
8.8.2  Potential Savings from Demand Management Measures.  Table 8-5 summarizes the water 
savings potential for installing water conservation measures.  Note that the savings for each 
measure will vary, depending on a number of factors.  Refer to the technology descriptions in 
paragraph for more detailed assessments on potential water savings. 
 

                                                           
23 D. Brauer et al, A Study of Water Use and Its Conservation in Northern Colorado, unpublished report, 1976. 
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Table 8-5.  Potential Water Savings from Demand Management Measures 
 

Conservation Measures Potential Savings 
Low-flush toilets • 1.5 gpf (5.7 lpf) savings over 5.0 gpf (19 lpf) toilet 
Ultra low-flush toilets • 3.4 gpf (13 lpf) savings over 5.0 gpf (19 lpf) toilet 
Waterless urinals • 3.0 gpf (11.4 lpf) savings over 3.0 gpf (11.4 lpf) 

urinal 
Toilet tank displacement 
devices 

• 1.0 gpf (3.8 lpf) savings over 5.0 gpf (19 lpf) toilet 

Variable flush time devices • 2.5 gpf (9 lpf) savings over 5.0 gpf (19 lpf) toilet 
Dual flush devices • 3.5 gpf (13 lpf) savings over 5.0 gpf (19 lpf) toilet 
Low-flow showerhead • 1.8 gpm (6.8 lpm) savings over 4.0 gpm (15 lpm) 

shower 
Low-flow faucets • 3.0 gpm (11.4 lpm) savings over 3.5 gpm(13 lpm) 

faucet 
Indoor leak repair & detection • Varies 
Water-efficient appliances • 97 gal (367 l) savings over 150 gal (568 l) clothes 

washer 
Flush valve retrofits • Varies 
Pressure reducing valves • 25 percent reduction 
Faucet flow controls • 1.5 gpm (5.7 lpm) savings over 4.0 gpm (15 lpm) 

faucet 
Faucet flow regulators • 1.5 gpm (5.7 lpm) savings over 4.0 gpm (15 lpm) 

faucet 
Faucet aerators • 2.0 gpm (7.6 lpm) savings over 4.0 gpm (15 lpm) 

faucet 
Lawn irrigation • Varies 
Low water-use plants • Varies 
Xeriscape landscaping • Varies 
Drip irrigation systems • Varies 
Irrigation scheduling • Varies 
Mulching and soil preparation • Varies 
Wastewater (gray water) 
recycling 

• Varies 
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8.9  Design Water Conservation Program 
 
8.9.1  General.  This paragraph describes a step-by-step approach for designing a water 
conservation program.   
 
8.9.2  Provide for User/Occupant Involvement.  Personnel who will be affected by a water 
conservation measure need to accept the measure in order for it to be successful.  It is essential 
that personnel have the opportunity to be involved in the measure’s screening and assessment.  
Information on personnel acceptance may be available from other Centers that have 
implemented similar measures.  If not, collect input directly from the affected personnel through 
personal or group interviews.  Provide as much information as possible to the participants about 
the proposed measures and estimated water and energy savings.  With the participant’s feedback, 
the design of the proposed measure can be refined to improve acceptance. 
 
8.9.3  Research Regulatory Requirements.  State and local conservation regulations may be more 
stringent than federal regulations, especially in drought-prone areas.  In these areas, it may be 
good public relations to be seen by the public as a partner rather than an adversary.  This could 
mean adhering to local water conservation regulations even if federal facilities are not required 
to do so. 
 
8.9.4  Establish Conservation Goals.  EPACT does not specify water conservation goals.  It only 
requires that all cost-effective water conservation measures be implemented.  “Cost-effective” is 
defined as any measure with a payback period of less than 10 years.  Federal water conservation 
goals established by DOE in response to Executive Order 13123 are based on implementing 
appropriate BMPs.  Center-specific water usage reduction goals may be adopted, if deemed 
beneficial to the water management program. 
 
8.9.5  Select BMPs for Implementation. 
 
8.9.5.1  Select BMPs that are Applicable, Feasible, and Acceptable.  Based on type of end use, 
determine which BMPs are appropriate to the end use and the physical characteristics of the site.  
Determine which are initially feasible by the benefit/cost analysis and ensure that the BMPs will 
be acceptable to Center management. 
 
8.9.5.2  Select Measures with Acceptable Noneconomic Impacts.  In addition to the economic 
impacts of water savings, a water conservation measure may have a number of noneconomic 
impacts.  These impacts may include environmental, social, and others relating to the water user.  
A number of methods can be used for “ranking” impacts in the evaluation.  Use a simple and 
uniform ranking system for the entire evaluation to help identify feasible and nonfeasible 
alternatives.  This system is also referred to as a “qualitative evaluation.”  One approach to a 
qualitative evaluation is to make a comprehensive list describing each of the impacts.  Next, 
determine whether the impact is positive, negative, or neutral.  This type of assessment might 
reveal the positive environmental impacts of an economically nonfeasible conservation measure.  
Those positive noneconomic impacts may be considered significant enough to make an 
economically borderline project successful.   
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8.9.5.3  Determine the Conservation Potential of Selected BMPs.  The last step before estimating 
the economic benefits and costs of each BMP is to determine its water and energy conservation 
potential.  This determination involves comparing end use water consumption without the BMP 
(the status quo) with the expected water use after the BMP is implemented.  The conservation 
potential figure can be determined for any period of time.  Once a conservation potential figure 
is calculated, it can be further extrapolated by the number of fixtures and operating time. 
 
8.9.6  Estimate Benefits and Costs.  The life-cycle costing methods and procedures delineated in 
10 CFR Part 436, described in paragraph 4.9, should be used to determine the cost-effectiveness 
of implementing potential BMPs. 
 
8.9.7  Water Conservation Planning Software.  Several computer software packages exist that 
can help you evaluate conservation measures and/or develop a water conservation program.  
Many of these packages allow the user to develop water demand forecasts and test the 
effectiveness of various conservation programs.  The following computer packages are just two 
of many available.   
 
8.9.7.1  WATERGY.  WATERGY is available from the Federal Energy Management Program at 
(800) 363-3732, or at http://www.eren.doe.gov/femp/techassist/softwaretools/softwaretools.html.  
WATERGY is a spreadsheet-based model that uses assumptions about water and energy 
relationships to analyze potential water and associated energy savings.  The spreadsheet allows 
input of utility data (energy and water cost and consumption data for the most recent 12 months) 
and facility data (number and kind of water consuming/moving devices and their water 
consumption, and/or flow rates), or both.  It then estimates direct water, direct energy, and 
indirect energy annual savings, as well as total cost and payback times for a number of 
conservation methods. 
 
a.  Most of the assumptions that WATERGY uses for energy/water calculations can be grouped 
into the following categories: 
 
(1)  The heating values of fuels (e.g., the heating value of natural gas in BTU/cf). 
 
(2)  The efficiencies of energy and water consuming devices or processes (e.g., number of 
kilowatt hours consumed per gallon for electric hot water heaters, or number of kilowatt hours 
consumed per 1,000 gallons of treated wastewater). 
 
(3)  Time-of-use for fixtures (e.g., number of minutes per use of infra-red sensor faucets). 
 
(4)  Percentage of hot water use in machines or fixtures (e.g., percentage of water usage that is 
hot water for a typical faucet). 
 
b.  WATERGY makes simple assumptions about capital and labor costs of equipment and fixture 
replacements.  All assumptions may be modified by the user.  At this time, WATERGY 
estimates potential conservation opportunities for the following methods: 
 
(1)  Toilets (1.6 gpf/6 lpf) and water conserving urinals. 
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(2)  Automatic faucets. 
 
(3)  Faucet aerators. 
 
(4)  Low-flow showerheads. 
 
(5)  Boiler blow-down optimization. 
 
(6)  Efficient dishwashers. 
 
(7)  Efficient washing machines. 
 
(8)  Landscape irrigation optimization. 
 
8.9.7.2  WaterPlan 2.0 Software & Planning Guide.  WaterPlan 2.0 is available from the 
American Water Works Association at (800) 926-7337. 
 
a.  WaterPlan 2.0 is a program created to help water utilities perform benefit/cost analyses on a 
variety of water conservation measures. 
 
b.  The WaterPlan 2.0 Planning Guide provides an overview of the interplay between supply-
side and demand-side options in the water system planning framework.  The WaterPlan 2.0 
Planning Guide provides the following: 
 
(1)  Presents an approach to the analysis of DSM options 
 
(2)  Offers guidance on calculating the marginal costs/avoided costs of water supply 
 
(3)  Includes instructions for developing, marketing, implementing, and evaluating DSM 
programs 
 
8.10  Implement Water Conservation Program 
 
8.10.1  It is recommended that the Water Conservation Program be implemented as part of the 
Center’s overall Energy Efficiency and Conservation Management Program described in chapter 
3.  If the Water Conservation Program is established as a separate activity, the program should 
include elements analogous to those described in chapter 3.   
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CHAPTER 9.  Energy Savings Performance Contracting (ESPC) 
 
 
9.1  The ESPC Concept 
 
9.1.1  General.  The ESPC financing option allows Federal facilities to purchase energy 
efficiency, renewable energy, and water conservation technologies and services from private 
vendors through a shared savings approach.  Under the ESPC method, the selected energy 
services company (ESCO) incurs the costs of implementing energy savings measures, including 
the cost of energy audits; project design; acquiring, installing, operating, and maintaining 
equipment; and training O&M personnel.  The ESCO is given a share of the energy savings 
resulting directly from implementing such measures during the multiyear term of the contract.  
After paying the ESCO, the remaining savings are shared equally between the Center and the 
United States Department of the Treasury (USDT), as shown in Figure 9-1. 
 

 
 

Figure 9-1.  ESPC Example 
 
9.1.2  Benefits.  The key benefits of ESPC are that it: 
 
a.  Reduces energy consumption. 
 
b.  Improves Federal energy efficiency and helps meet the Federal energy savings requirements. 
 
c.  Reduces the maintenance and repair costs associated with aging or obsolete 
energy-consuming equipment. 
 
d.  Places O&M responsibilities on the contractor. 
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e.  Stimulates the economy by allowing ESCO’s to profit from their up-front investments in 
federally owned buildings by receiving a share of the utility bill savings. 
 
9.1.3  Enabling Legislation for ESPC.  EPACT directed the Department of Energy to develop 
methods and procedures to bring ESPC into the mainstream of Federal procurement. ESPC, 
formerly known as shared energy savings contracting, is an alternative to the traditional method 
of funding energy efficiency improvements in Federal buildings through direct appropriations.  
ESPC allows Federal agencies to update aging building systems, streamline operations, and train 
maintenance workers to reduce operating costs.  Agencies can use future energy savings to fund 
projects, freeing up money currently wasted on energy inefficiency and making it available for 
facility improvements and sustained maintenance.  ESPC can be used to: 
 
a.  Replace aging equipment with newer, more efficient products. 
 
b.  Help meet the energy reduction goals of Executive Order 13123 and EPACT. 
 
c.  Conserve nonrenewable fuels and achieve environmental benefits by reducing energy 
consumption. 
 
d.  Achieve utility cost avoidance without sacrificing service. 
 
9.2  Statutory Requirements 
 
9.2.1  Congressional Notification.  A Federal agency may enter into a multiyear ESPC for a 
period not to exceed 25 years, without funding of cancellation charges before cancellation, 
provided such contract was awarded in a competitive manner pursuant to the above qualification 
procedures, and funds are available and adequate for payment of the costs of such contract for 
the first fiscal year.  In addition, if the ESPC contains a clause setting forth a cancellation ceiling 
in excess of $10,000,000, the agency head must provide written notification to the appropriate 
authorizing and appropriating committees of Congress of the proposed cancellation ceiling, at 
least 30 days before the award of that contract. 
 
9.2.2  Qualified ESCO’s.  Current statute states that a Federal agency may develop a list of 
ESCO’s qualified to provide ESPC services, based on qualification statements provided by those 
ESCO’s, which contain, as minimum, the ESCO’s prior experience, capabilities to perform the 
proposed types of energy savings services and financial information.  ESCO’s may then be 
selected to conduct discussions concerning particular proposed energy savings projects, 
including requesting a technical and price proposal from such selected ESCO’s, and select from 
those ESCO’s, the most qualified to provide ESPC services based on technical and price 
proposals and any other relevant information.  The list of qualified ESCO’s must be updated at 
least annually. 
 
9.2.3  Guarantee of Savings.  The ESCO shall only be compensated for actual, measurable 
energy savings, hence, the ESPC must accurately define the energy baseline, or projected energy 
use, had the ESPC project not been implemented and the method with which savings will be 
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measured.  Additionally, an annual energy audit must be conducted to verify savings and ensure 
payments are accurate.  The measurement technique will be based on project complexity: the 
savings from the replacement of lighting systems may not need to be metered, whereas heating 
modifications most likely would. In some cases, consideration must be given to other factors that 
affect energy demand, such as changes in mission, population, space utilization or weather. 
 
9.2.4  Unsolicited Proposals.  A Center may permit receipt of unsolicited proposals for ESPC 
services from an ESCO outside the scope of the Super ESPC process provided that the Center 
has determined that the ESCO is qualified to provide such services.  ESCO qualification is 
usually determined by the ESCO meeting the requirements of the national ESCO qualification 
program administered by DOE.  Prior to accepting an unsolicited ESCO proposal, the Center 
must place a notice in the Commerce Business Daily announcing that it has received such a 
proposal and invite other similarly qualified ESCO’s to submit competing proposals. The Center 
may enter into an ESPC with such a qualified and competing ESCO, consistent with established 
procedures and methods. 
 
9.3  DOE’s Super ESPC Program 
 
9.3.1  General.  To make it easier for agencies to use ESPC, FEMP developed the Super ESPC, 
based on the Indefinite Delivery Indefinite Quantity (IDIQ) provision of the Federal Acquisition 
Regulation (FAR).  Super ESPC’s are regional IDIQ contracts that allow agencies to negotiate 
site-specific ESPC delivery orders with an ESCO without having to start the contracting process 
from scratch. In this way, agencies can issue delivery orders for their own ESPC projects 
through an established, Governmentwide IDIQ contract, saving time as well as energy and 
money. Before Super ESPCs, facility personnel had to do their own contracting for energy and 
cost-saving projects. This process took as long as 18 months. Super ESPCs can reduce the time 
required to as little as three to six months. In addition, DOE technical and contract specialists 
can provide assistance on a reimbursable basis to guide agency personnel through the process 
step by step. More information on the Super ESPC initiative can be found at 
www.eren.doe.gov/femp. 
 
9.3.2  Developing Delivery Orders under Super ESPC.  Federal agencies that desire to 
implement a renewable energy or energy efficiency project may choose to place a delivery order 
for facilities located in the region covered by the Super ESPC.  Federal agencies interested in 
participating in the DOE Super ESPC program will sign a Memorandum of Understanding 
(MOU) with DOE.  NASA and DOE have already established an MOU at the agency level.  
DOE may authorize NASA Centers to place delivery orders itself, or may place the order on 
behalf of the Center.  Centers can tailor the delivery orders to meet their site specific conditions 
and needs.  Delivery orders issued under the contract are limited to the ESCO’s that were 
competitively selected for the Super ESPC program.  The ESCO’s submit proposals for projects 
in response to delivery order requests for proposals.  The authority to sign delivery orders under 
these contracts must be delegated to the Center by the DOE procuring contracting officer.  More 
detailed information and a copy of the most recent version of the publication entitled, Delivery 
Order Guidelines, may be obtained from the FEMP Web site. 
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9.3.3  Interagency Agreement.  An Interagency Agreement (IA) between DOE and the Center is 
always required before the Center can issue a delivery order against the Super ESPC for a 
specific project or projects.  The IA provides the agreement of the parties on the division of 
responsibilities relative to pursuing a delivery order award or awards at Center site(s).  At a 
minimum, the IA should include the following: 
 
a.  A statement of work describing the services to be provided to the Center by DOE. 
 
b.  A letter verifying that the Center has the funds to reimburse DOE for services provided under 
the IA in support of the delivery order.  A reimbursable services schedule is included in the 
Super-ESPC Delivery Order Guidelines available from DOE FEMP.  

 
9.3.4  Delivery Order Process.  Centers are responsible for being diligent in the selection and 
implementation of projects for delivery orders.  Centers must first assess the needs and 
requirements of their facilities.  Prior to initiating a delivery order, agencies must consider: 1) 
facility closure or expansion; 2) environmental constraints (CFCs, PCBs, asbestos); 3) mission 
changes; 4) conflicts with other contracts; 5) economic analysis and project feasibility; and 6) 
any other unique facility issues.  Centers must decide whether an ESPC is the appropriate 
contractual vehicle for fulfilling their requirements.  In addition, Centers must assure that the 
delivery orders and projects implemented are consistent with the ESPC legislation and 
regulations.  To assist Centers in making these decisions, the DOE Contract Specialist, Procuring 
Contracting Officer (PCO) and Contracting Officer’s Representative (COR) are available to 
answer questions and arrange for technical assistance to agencies. In addition, the DOE offers 
training courses to help agencies in making decisions and in implementing projects. 
 
9.3.5  Contents of a Delivery Order. 
 
9.3.5.1  The following is a list of the documents needed to initiate, process and monitor a 
delivery order: 
 
a.  IA between DOE and the Center.  
 
b.  Site Technical Data Package (STDP). 
 
c.  Delivery Order Request for Proposal (DO RFP), or Delivery Order Project Description and 
Requirements (DO PDR). 
 
d.  Delivery Order Selection Document. 
 
e.  Funding Document. 
 
f.  Delivery Order Performance Evaluation. 
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9.3.5.2  Once it has been determined that there is a Center need and a Center can use the Super 
ESPC, there are two approaches to award a delivery order.  Awards may be made for projects 
that have been identified by the Government or the ESCO, as described below: 
 
a.  Government-Identified Project.  Once a Center has identified a project and determined 
whether or not the economics of the project allow for its viability, it begins the preparation of a 
DO RFP.  The Center then determines whether to issue the RFP competitively or single source.  
Noncompetitive award determinations must be documented using the procedures described in 
paragraph 9.3.5.2.c. below.  Once this determination has been made, and the DO RFP issued, the 
proposals are received, and evaluated.  Then the Center selects the ESCO (if the DO RFP was 
issued competitively) and determines whether preaward requirements have been met.  If 
requirements have been met, negotiations and award follow.  If they have not been met, the 
Center goes to the next highest ranked ESCO giving consideration to price and technical factors 
(if DO RFP was issued competitively) or reissues the DO RFP to other Super ESPC ESCO’s (if 
DO RFP was issued single source). 
 
b.  ESCO-Identified Project.  The ESCO-identified project route is included in Super ESPCs to 
incorporate the intent of the ESPC legislation (42 U.S.C. 8287).  The legislation encourages 
ESCO’s to initiate projects with the Federal agencies.  The procedure for ESCO-identified 
projects is similar to Government-identified projects.  The difference is primarily in the 
beginning stages.  With an ESCO-identified project, the ESCO must request COR approval to 
submit a proposal to the Center.  If approval is given, the ESCO submits an initial proposal and 
the Center decides whether to pursue the requirement.  If the decision is made to pursue the 
project, another decision on whether to issue the project description and requirements (PDR) 
single source to the originating ESCO or to compete is made based on the evaluation of the 
ESCO’s proposal.  If the Center decides to compete, a DO RFP is required to define site and 
Center specific and administrative requirements.  At this point, the steps are the same, whether 
Government or ESCO-identified. 
 
c.  Noncompetitive Determination.  If the agency decides to issue the DO RFP noncompetitively, 
the Contracting Officer must prepare a memorandum that provides the basis for supporting the 
single source determination.  It is not necessary that a formal justification and approval 
document be prepared.  The technical rationale for the Government’s decision should be 
emphasized.  The requirements of 41 U.S.C. 253 and FAR 16.505 govern the decision to issue a 
DO RFP by either noncompetitive or competitive means.  The following are the five exceptions 
to issuing a competitive DO RFP: 
 
(1)  Competition is precluded by the urgency of the requirement; 
 
(2)  The requirement is for installation, operation and maintenance of energy conservation 
measures (ECMs) that are highly specialized and only one contractor can provide the ECMs at 
the level of quality required; 
 
(3) The requirement is a ESCO-identified project; 
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(4)  It is necessary to place an order to satisfy a minimum guarantee under the Super ESPC 
contract; and 
 
(5)  The requirement is a logical follow-on to a delivery order previously issued to a contractor 
on a competitive basis. 
 
9.3.6  The Contracting Process 
 
9.3.6.1  The cognizant CO sends out the notice of intent to award to the selected ESCO and 
notifies the unsuccessful offerors if the selection was made on a competitive basis.  The notice of 
intent to award letter specifies a time frame within which the selected offeror must conduct the 
detailed energy survey of facilities and energy systems at the project site. 
 
9.3.6.2  Whether single source or competitive, the Center selects an awardee for the delivery 
order project as the “conditional” winner.  The selected ESCO must meet certain preaward 
requirements, primarily the ESCO verification that it can meet the proposed guaranteed annual 
cost savings.  The ESCO performs the detailed energy survey of the facilities and energy systems 
at the project site and provides a report in accordance the contract.  
 
9.3.6.3  The detailed energy survey will verify the accuracy, and ability to achieve the estimated 
annual cost savings as originally proposed.  The guaranteed savings may be revised by the ESCO 
after the survey, but it must be within the percentage specified in the DO RFP when compared to 
the “proposed” guaranteed savings provided in the initial proposal. 
 
9.3.6.4  The Center reviews and approves the report and confirms that the schedules are 
consistent with the report findings.  The Government’s review and approval of the detailed 
survey report establishes the basis of the mutual agreement on the energy and facility baseline 
conditions.  Therefore, careful review and approval of the report prior to acceptance is critical as 
the report will be the basis of the data used in negotiating guaranteed savings and contractor 
payments for the term of the delivery order.  The Center should verify that all schedules are 
consistent with the report results. 
 
9.3.6.5  The cognizant Government CO and technical representatives conduct negotiations with 
the selected ESCO.  These schedules will be incorporated into the award as will any new or 
revised technical requirements/specifications as a result of the detailed energy survey. 
 
9.3.6.6  Once negotiations are completed successfully, the ESCO confirms financing and 
bonding for the project.  The Center then issues congressional notification, if applicable.  The 
statute only requires that Congress be notified if the cancellation ceiling of the delivery order 
exceeds $10,000,000.  
 
9.3.6.7  Once the ESCO’s proposal has been reviewed by the Center, cognizant Government 
technical representatives, and the cognizant CO, the CO awards the delivery order.  If the DOE 
is signing the delivery order, the Center must provide DOE with a funding document evidencing 
that funds for the first year’s payments are committed.
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9.4  Establishing the Baseline 
 
9.4.1  Purpose.  The establishment of an agreed-upon baseline for energy savings is essential to 
the success of the ESPC.  The baseline is used to estimate energy savings and thus to calculate 
payments to the ESCO.  A baseline should be simple enough to serve as a basis for billing 
payments to ESCO’s, yet sophisticated enough to differentiate between only those energy 
reductions that result from the ESCO’s actions and reductions that occur from changes in 
building use and weather.  Baselines should also be flexible enough to accommodate changes 
that occur after the ESPC has been signed (such as changes in building use or installation 
mission).  The three basic methods for establishing a baseline are: 
 
a.  Energy calculations.  Calculations are based on information about and energy consumption 
history of energy-using building systems and equipment. 
 
b.  Regression analysis.  A statistical technique that uses historical data derived from meters to 
isolate one or more variables that affect energy use (resulting, for instance, in an equation that 
relates energy use to weather or building use variables). When historical, metered data are 
available, regression analysis defines energy use relative to the entire building and allows greater 
flexibility in making ECM recommendations. 
 
c.  Simulation.  A sophisticated set of engineering calculations that attempts to forecast energy 
use on the basis of a building’s size and shape, equipment, levels of insulation, and types of 
windows and doors. 
 
9.4.2  Baseline Development.  The baseline is developed from historical or estimated energy use 
data, drawn from a recent, 12-month period of preretrofit energy consumption (estimates are 
based on a detailed engineering analysis of the building and its systems/equipment).  A 
refinement of this is a baseline averages three years worth of utility bills, normalized for 
weather. The baseline includes utility, occupancy, and other information that allows the baseline 
energy consumption to be accurately compared to the energy consumption after the retrofits.  
The baseline should contain the following occupancy information: the total area of conditioned 
space, and the number of hours the building is occupied.  The energy bills are prorated to obtain 
calendar month consumption in order to match monthly energy consumption to monthly weather 
data, and the base load is calculated.  The energy sources are calculated according to temperature 
sensitivity and ratio of consumption per degree day.  For each month being evaluated, the 
baseline month is adjusted to reflect changes in weather, occupancy, equipment, and other 
variables. 
 
9.4.3  Baseline Adjustment.  If facility use changes, the baseline should be altered to reflect the 
change.  Depending on the change, different methods are used to adjust the baseline.  For 
example, if the hours of operation change, calculations involving hours are adjusted and all 
energy consumption calculations are recalculated.  If the use of the building changes, such as 
warehouse to office, a mini-audit is performed to verify the changes and adjust the energy 
consumption of the systems and subsystems affected. 
 
9.5  Performance Guarantee and Contractor Payments 
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9.5.1  Cost Savings. 
 
9.5.1.1  Energy cost savings are defined as a reduction in the cost of energy used in Federally 
owned buildings from a base cost established by the contract.  Energy cost savings may be 
achieved as a result of: 
 
a.  The lease or purchase of operating equipment or improvements, altered O&M, or technical 
services. 
 
b.  The more efficient use of existing energy sources by cogeneration or heat recovery. 
 
9.5.1.2  The “split” of energy cost savings each year, and the method of determining the value of 
such savings, are specified in the contract and may vary from year to year.  NASA Centers 
should structure ESPC contracts or delivery orders such that, to the greatest extent possible, all 
energy cost savings realized are used to pay annual contract costs. By using this approach, the 
Center will be able to eliminate the financial burden much faster and begin to retain all of the 
postcontract energy cost savings much sooner. In the event that excess annual cost savings 
remain after contract payments are made, 50 percent of such savings are to be retained utilizing 
reimbursable funds procedures. The retained funds may be used for other energy efficiency and 
water conservation activities as authorized by section 152 (f) of the Energy Policy Act (P. L. 
102-486).  The remaining 50 percent of savings shall be deposited in account 803220 (General 
Fund Proprietary Receipts). 
 
9.5.2  Performance Guarantee.  The ESPC should specify the terms and conditions of any 
Government payments and performance guarantees.  The contract shall provide for a guarantee 
of savings to the Center and shall establish payment schedules reflecting such guarantee, taking 
into account any capital costs under the contract.  Any such performance guarantee shall provide 
that the ESCO is responsible for maintenance and repair services for any energy related 
equipment, including computer software systems.  Centers may incur obligation pursuant to such 
contracts to finance energy conservation measures, provided guaranteed savings exceed the debt 
service requirements. 
 
9.5.3  ESCO Payments.  Government payments may be made from annual utility and related 
O&M funds.  The aggregate annual payments by a Center to the utilities and ESCO’s, under an 
ESPC, may not exceed the amount that the Center would have paid for utilities and related 
operations, maintenance and repair costs, without the ESPC as estimated by the baseline 
procedure specified in that contract. 
 
9.6  Measurement and Verification (M&V) Procedures 
 
9.6.1  General.  Energy savings performance M&V of installed energy conservation projects 
typically has two components: 
 
a.  Confirming that the baseline conditions are accurately defined, and the proper 
equipment/systems are installed and they have the potential to generate the predicted savings.  
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This confirmation verifies the ECM’s potential to perform. 
 
b.  Determining the actual energy savings achieved by the installed ECM, which verifies the 
ECM’s performance. 
 
9.6.2  M&V Methods.  Verification of conditions before installation (baseline) and after 
installation (postinstallation) of the ECM is achieved by inspections, spot measurement tests, 
and/or commissioning activities.  The general approach to determining energy savings involves 
comparing baseline and postinstallation energy use associated with a facility, or certain systems 
within a facility. Therefore, energy savings = baseline energy use - postinstallation energy use.  
As the ESPC program is based on pay for performance, each ECM or site covered by a delivery 
order has a site-specific verification plan to determine the achieved savings. For each site, the 
project baseline and postinstallation energy use are determined using one or more of the 
following M&V techniques described in paragraph 9.6.4.3. 
 
9.6.3  M&V Protocols.  M&V protocols have been defined by the U.S. Department of Energy for 
ESPC projects and task orders, as documented in Measurement and Verification (M&V) 
Guidelines for Federal Energy Projects.  The ESCO should use the latest version of these 
guidelines for site-specific ECM M&V as applicable.  In addition, simple monitoring utility bills 
can provide a general measure of the energy savings.  However, utility bills must be monitored 
carefully as other factors affect overall energy usage, such as weather and occupancy levels. 
 
9.6.4  General Approach to M&V. 

 
9.6.4.1  The general approach to determining energy savings involves comparing energy use at 
the project site before the project is implemented and then assessing usage after the installation.  
The energy savings are calculated by subtracting postinstallation usage from the baseline energy 
usage.  For each site, the project baseline and postinstallation savings are determined using 
various methods including bill analysis, metering, and/or engineering calculations.  First year 
payments to the ESCO are based on projected savings estimated by the ESCO.  After the first 
year, the ESCO must provide annual reports that contain the results of equipment performance 
assessment and analysis of actual usage data.  Payments to the ESCO for the following year are 
then adjusted accordingly. 
 
9.6.4.2  In a postinstallation M&V verification, the ESCO and Center agree that the proper 
equipment components or systems were installed, are operating correctly and have the potential 
to generate the predicted savings or renewable generation.  Verification methods may include 
surveys, inspections, spot metering, and/or continuous metering.  The ESCO and Center, at 
defined intervals during the term of the contract, will verify that the installed equipment 
components or systems have been properly maintained, continue to operate correctly, and to 
generate savings.  It should be noted that under the ESPC program the verification of savings is 
required on an annual basis.   
 
9.6.4.3  Either after the project is installed, continuously, or at regular intervals, the ESCO and 
Center will determine energy savings or renewable energy production in accordance with an 
agreed-to M&V method with the verification techniques that are defined in a site-specific M&V 
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plan.  Baseline energy use, postinstallation energy use, and thus energy (and cost) savings can be 
determined using one or more of the following M&V techniques:  
 
a.  Engineering calculations. 
 
b.  Metering and monitoring. 
 
c.  Utility meter billing analysis. 
 
d.  Computer simulations (e.g., DOE-2 analysis). 
 
e.  Mathematical models (e.g., regression formulas). 
 
f.  Agreed-to stipulations by the Center and the ESCO. 
 
9.6.4.4  There are numerous factors that can affect energy savings during the term of a contract, 
such as weather, operating hours, process loads and heat exchanger fouling.  In general, an ESPC 
objective will be to adjust the baseline energy use up or down for factors beyond the control of 
the ESCO (e.g., building occupancy or weather) and adjust the postinstallation energy use for 
ESCO-controlled factors (e.g., maintenance of equipment efficiency). 
 
9.6.5  M&V Options.   
 
The FEMP Measurement and Verification Guidelines are grouped into three categories, Options 
A, B, and C.  These options are consistent with those defined in the North American Energy 
Measurement and Verification Protocols (NEMVP).  Three options are provided in order to 
provide flexibility in determining energy savings.  Selection of the appropriate M&V approach 
requires an evaluation of many interrelated parameters, including other ECMs implemented, 
existing utility submetering, and dynamic changes to the facility.  The options differ in their 
approach to the level and duration of the retrofit verification measurements.  For instance, 
Options A and B both focus at the system level, while Option C uses measurements taken at the 
whole-building, or whole-facility level.  Option A uses short-term measurements, while Options 
B and C use continuous or regular interval measurements during the term of the contract.  None 
of the options are necessarily better than the others.  Each has advantages and disadvantages 
based on site specific factors and the needs and expectations of the Center.  The three options are 
described below and summarized in Table 9-1.  The Center and the ESCO will select an M&V 
option and method for each project and then prepare a site-specific M&V plan that incorporates 
project specific details. 

Table 9-1.  M&V Options Summary 

M&V Option Verification of 
Potential To Perform 
(and generate savings)  

Verification 
of 
Performance 
(savings) 

Performance 
Verification 
Techniques 
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Option A 
Verifying that the measure 
has the potential to 
perform and to generate 
savings 

Yes Stipulated Engineering 
calculations (possibly 
including spot 
measurements) with 
stipulated values 

Option B  
Verifying that the measure 
has the potential to 
perform and verifying 
actual performance by end 
use 

Yes Yes Engineering 
calculations with 
metering and 
monitoring throughout 
term of contract 

Option C  
Verifying that the measure 
has the potential to 
perform and verifying 
actual performance (whole 
building analysis) 

Yes Yes Utility meter billing 
analysis, possibly with 
computer simulation 

 
 
 
9.6.5.1  Option A. 
 
a.  Option A is a verification approach that is designed for projects in which the potential to 
perform needs to be verified, but the actual can be stipulated based on the results of the 
“potential to perform and generate savings” verification and engineering calculations.  Option A 
involves procedures for verifying that: 
 
(1)  Baseline conditions have been properly defined. 
 
(2)  The proper equipment and/or systems have been installed. 
 
(3)  The installed equipment components or systems meet the specifications of the contract in 
terms of quantity, quality, and rating. 
 
(4)  The installed equipment is operating and performing in accordance with the specifications in 
the contract and meeting all functional tests. 
 
(5)  The installed equipment components or systems continue, during the term of the contract, to 
meet the specifications of the contract in terms of quantity, quality and rating, and operation and 
functional performance. 
 
b.  Option A, therefore, enables the contracting parties to confirm that the proper equipment 
components or systems were installed and that they have the potential to generate the predicted 
savings.  Achieving this level of verification is all that is contractually required for certain types 
of performance contracts.  Verification of the potential to perform may be done with inspections 
and/or spot or short-term metering conducted right before and/or right after project installation.  
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Annual (or some other shorter, regular interval) inspections may also be conducted to verify the 
continued potential of the project to perform and generate savings. 
 
c.  With Option A, actual achieved energy or cost savings are predicted using engineering or 
statistical methods that do not involve long term measurements.  All end-use technologies can be 
verified using Option A.  Within Option A, various methods and levels of accuracy in verifying 
performance are available.  The level of accuracy ranges from an inventory method of ensuring 
nameplate data and quantity of installed equipment to short-term measurements for verifying 
equipment ratings, capacity and/or efficiency. 
 
9.6.5.2  Option B. 
 
a.  Option B is for projects in which the potential to perform and generate savings needs to be 
verified; and actual performance during the term of the contract needs to be measured (verified).  
 
b.  Option B involves procedures for verifying the same items as Option A plus verifying actual 
achieved energy savings during the term of the contract.  Performance verification techniques 
involve engineering calculations with metering and monitoring.  Option B M&V involves: 
confirming that the proper equipment/systems were installed and that they have the potential to 
generate the predicted savings, and determining an energy (and cost) savings value using 
measured data taken throughout the term of the contract. 
 
c.  How accurate the energy savings value must be is defined by the Center or negotiated with 
the ESCO.  The steps used in measuring or determining energy savings can be more difficult and 
costly than those used in Option A; however, the results will typically be more precise.  Methods 
used in this option will involve long term measurement of one or more variables.  Long term 
measurement accounts for operating variations and will more closely approximate actual energy 
savings than the use of stipulations as defined for Option A.  Long term measurements do not 
necessarily increase the accuracy. 
 
9.6.5.3  Option C. 
 
a.  Option C is also for projects in which (1) the potential to perform needs to be verified and (2) 
actual performance during the term of the contract needs to be verified. Option C involves 
procedures for verifying the same items as Option A plus verifying actual achieved energy 
savings during the term of the contract. 
 
b.  Performance verification techniques involve utility whole building meter analysis and/or 
computer simulation calibrated with utility billing data.   As such Option C is the one M&V 
option that addresses aggregate, coincident demand and energy savings from multiple resources 
at a single site.  Option C also provides procedures for determining and verifying the impact of 
projects that are not directly measurable, or affect loads indirectly, such as increasing building 
insulation, or installing low-emittance windows. 
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c.  Option C M&V involves confirming that the proper equipment/systems were installed and 
that they have the potential to generate the predicted savings, and determining an energy savings 
value using measured utility meter data taken throughout the term of the performance contract. 
 
d.  All end-use technologies can be verified with Option C.  This option would be used when 
there is a high degree of interaction between installed energy conservation systems and/or the 
measurement of individual component savings would be difficult.  Accounting for changes other 
than those caused by the project is the major challenge associated with Option C – particularly 
for long term contracts. 
 
e.  As noted previously, the level of certainty, and thus effort, required for verifying the potential 
to perform and actual performance will vary from project to project.  Drafting of an RFP to 
select an ESCO or the actual contract should be done with serious consideration of M&V 
requirements, reviews and costs. 
 
9.6.6  Submetering.  Submetering of the system or subsystem that is being retrofitted with ECMs 
is another preferred method to for measuring and verifying energy savings.  The systems are 
monitored both before and after the ECM installations.  However, other factors affecting the 
energy consumption of the system need to be accounted for during the submetering period.  The 
ESCO should perform an energy audit each year to monitor the energy savings and condition of 
the upgrades that provides a measure of the energy savings and ensures that the equipment is 
performing at optimum efficiency. 
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CHAPTER 10.  Utility Energy-Efficiency Service Contracts (UESC) and Demand-Side 
Management (DSM) Programs 
 
 
10.1  UESC 
 
10.1.1  In addition to ESPC, EPACT and Executive Order 13123 authorize UESC as another 
alternative financing method for Federal energy efficiency and water conservation projects.  
These programs range from rebates on a piece of equipment all the way to delivering a complete 
turnkey project. 
 
10.1.2  Services provided for a project can range anywhere from auditing to installation and 
commissioning, including financing the entire project.  Utilities may cover the capital costs of 
the project in consideration of the energy savings the retrofits will produce.  In this arrangement, 
the net cost to the Federal agency remains the same or less than the status quo, and the agency 
saves time and resources by using the “one-stop shopping” provided by the utility. 
 
10.1.3  Many utilities offer their customers a wide range of products and services related to the 
implementation of energy efficiency and/or renewable energy projects.  Typical offerings 
include: financing; financial incentives; rebates; and various technical services such as audits, 
engineering design, billing analysis, equipment procurement and installation, operation and 
maintenance, and M&V. 
 
10.1.4  Typically, utility programs are site-specific and customized to the needs of a particular 
agency or facility.  Negotiating the terms of the agreement with the utility can be time 
consuming.  Contacting the utility is the best way to determine the programs that are available in 
a given region or to a given facility.  Utility programs typically make use of the following 
agreement types: 
 
a.  Areawide Contracts (AWC).  AWCs are agreements between GSA and a specific utility.  
Once GSA signs an AWC with a utility, any agency located in the utility’s service territory can 
make use of it.  In October 1995, a special authorization for energy management and energy 
efficiency was incorporated into the AWCs.  With an AWC, the agency places their 
authorizations for a specific project under the AWC.  White Sands Missile Range and Public 
Service Company of New Mexico have entered into a comprehensive AWC that includes water 
conservation, energy efficiency, and renewable energy. 
 
b.  Basic Ordering Agreements (BOA).  BOAs are agreements between any agency and a utility. 
Although GSA can place a BOA, agencies are free to place their own BOAs with local utilities.  
The procedure to use a BOA is to place delivery orders under the agreement, detailing the needs 
of a specific site. 
 
c.  Agency Model Agreements.  The agency model agreement is a new type of agreement that 
has emerged over the last year.  This agreement contains terms and conditions specific to a give 
agency.  These terms and conditions can vary from agency to agency.  Agencies can develop 
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models through the Edison Electric Institute (EEI) to develop terms and conditions that are 
agreeable to both the agency and the utility.  The DOD and EEI developed the first agency 
specific model agreement that became available in April 1997. 
 
10.1.5  Additional information on utility partnership opportunities can be obtained directly from 
FEMP or the local utility. 
 
10.2  DSM Programs 
 
10.2.1  DSM programs are utility-sponsored programs that encourage modification of electric or 
gas energy consumption patterns through energy efficiency improvements and load management.  
Historically, utilities have subsidized DSM programs.  However, in a competitive market, 
regulated utilities are forced to cut costs, which shifts the focus to revenue generating operations.  
There are still many offerings available to Centers.  Energy managers should contact their local 
utility provider to check the status of DSM programs before proceeding with energy-related 
projects. 
 
10.2.2  In addition to the implementation of energy-efficient technologies discussed in chapter 6, 
the following load management techniques should be considered24: 
 
a.  Onsite generation. 
 
b.  Offsite distributed generation. 
 
c.  More sophisticated facility energy management systems. 
 
d.  Expanded coverage of cycling controls for equipment such as air-conditioning and hot water 
units. 
 
e.  Fuel switching (conversion to gas or installation of new gas equipment to replace electric 
process, hot water or air-conditioning equipment). 
 
f.  Strategies to purchase from multiple providers to achieve optimum supply sources across a 
varying load profile. 
 
10.2.3  The next generation of DSM programs will be market-based rather than subsidy-based.  
Implementation will be driven by more sophisticated financial analysis to look at the best value 
for the life of the energy-efficient technology or strategy, not just a simple payback period.  
DSM services will be packaged as value-added services.  Value-added services typically are 
customer-tailored programs, which enhance services beyond the basic supply service. 

                                                           
24 Nemec, Richard. “DSM Past, Present, Future,” Energy Decisions, April 1998:18. 



  

 A-1

Appendix A:  Definitions 
 
A Simplified Energy Analysis Methodology (ASEAM) – A computerized simulation system 
for analyzing energy conservation opportunities in buildings.  It calculates the energy 
consumption of residential and simple commercial buildings. 
 
Absolute Humidity – The ratio of the mass of water vapor to the volume occupied by a mixture 
of water vapor and dry air.  
 
Absorber – The component of a solar thermal collector that absorbs solar radiation and converts 
it to heat, or, as in a solar photovoltaic device, the material that readily absorbs photons to 
generate charge carriers (free electrons or holes).  
 
Absorptivity – In a solar thermal system, the ratio of solar energy striking the absorber that is 
absorbed by the absorber to that of solar energy striking a black body (perfect absorber) at the 
same temperature.  The absorptivity of a material is numerically equal to its emissivity.  
 
Acid – A substance that releases hydrogen ions when dissolved in water.  Most acids will 
dissolve the common metals and will react with a base to form a neutral salt and water.  An acid 
is the opposite of an alkali and has a pH rating lower than 7.0.  
 
Active Cooling – The use of mechanical heat pipes or pumps to transport heat by circulating 
heat-transfer fluids.  
 
Active Power – The power (in watts) used by a device to produce useful work.  Also called 
input power.  
 
Active Solar Heating Systems – A solar water or space-heating system that use pumps or fans 
to circulate the heat-transfer fluid from the solar collectors to a storage tank subsystem.  
 
Adiabatic – Without loss or gain of heat to a system.  An adiabatic change is a change in volume 
and pressure of a parcel of gas without an exchange of heat between the parcel and its 
surroundings.  In reference to a steam turbine, the adiabatic efficiency is the ratio of the work 
done per pound of steam, to the heat energy released and theoretically capable of transformation 
into mechanical work during the adiabatic expansion of a unit weight of steam.  
 
Air-Conditioner – A device for conditioning air in an interior space.  A room air-conditioner is 
a unit designed for installation in the wall or window of a room to deliver conditioned air 
without ducts.  A unitary air-conditioner is composed of one or more assemblies that usually 
include an evaporator or cooling coil, a compressor and condenser combination, and possibly a 
heating apparatus.  A central air-conditioner is designed to provide conditioned air from a central 
unit to a whole house with fans and ducts.  
 
Alcohol – A group of organic compounds composed of carbon, hydrogen, and oxygen; a series 
of molecules composed of a hydrocarbon plus a hydroxyl group; includes methanol, ethanol, 
isopropyl alcohol, and others.  
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Alternating Current – A type of electrical current, the direction of which is reversed at regular 
intervals or cycles; in the United States the standard is 120 reversals or 60 cycles per second; 
typically abbreviated as AC.  
 
Ambient Air – The air external to a building or device.  
 
Ambient Temperature – The temperature of a medium, such as gas or liquid, which comes into 
contact with or surrounds an apparatus or building element.  
 
Amp-Hours – A measure of the flow of current (in amperes) over 1 hour.  
 
Anemometer – An instrument for measuring the force or velocity of wind; a wind gauge.  
 
Anode – The positive pole or electrode of an electrolytic cell, vacuum tube, or other electronic 
device. 
 
Anthracite (coal) – A hard, dense type of coal, that is hard to break, clean to handle, difficult to 
ignite, and that burns with an intense flame and with the virtual absence of smoke because it 
contains a high percentage of fixed carbon and a low percentage of volatile matter.  
 
Antifreeze Solution – A fluid, such as methanol or ethylene glycol, added to vehicle engine 
coolant, or used in solar heating system heat-transfer fluids, to protect the systems from freezing.  
 
Aperture – An opening; in solar collectors, the area through which solar radiation is admitted 
and directed to the absorber.  
 
Array (Solar) – Any number of solar photovoltaic modules or solar thermal collectors or 
reflectors connected together to provide electrical or thermal energy.  
 
Ash – The noncombustible residue of a combusted substance composed primarily of alkali and 
metal oxides.  
 
Atmospheric Pressure – The pressure of the air at sea level; 1 standard atmosphere at 0°C is 
equal to 14.695 pounds per square inch (1.033 kilograms per square centimeter).  
 
Atrium – An interior court to which rooms open.  
 
Average Wind Speed (or Velocity) – The mean wind speed over a specified period of time.  
 
Avoided Cost – The cost the utility would incur but for the existence of an independent 
generator or other energy service option.  Avoided cost rates have been used as the power 
purchase price utilities offer independent suppliers. 
 
Azimuth (Solar) – The angle between true south and the point on the horizon directly below the 
sun.  
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Awning – An architectural element for shading windows and wall surfaces placed on the 
exterior of a building; can be fixed or movable.  
 
Backflow – Flow of water in a pipe or line in a direction opposite to the normal flow; often 
associated with back siphonage or the flow of possibly contaminated water into a potable water 
system.  
 
Bacteria – Any of a number of one-celled organisms, some of which cause disease. 
 
Bagasse – The fibrous material remaining after the extraction of juice from sugarcane; often 
burned by sugar mills as a source of energy.  
 
Beam Radiation – Solar radiation that is not scattered by dust or water droplets.  
 
Benefit – An advantage to be gained in a trade-off. 
 
Benefit/Cost Analysis – A process of evaluating the advantages and disadvantages of a 
proposed purchase or project. 
 
Best Management Practices – A set of ten water efficiency improvement actions established by 
DOE.  Each Federal facility is required to adopt at least four of the ten BMPs in order to comply 
with the requirements of Executive Order 13123, Section 207. 
 
Binary Cycle – Combination of two power plant turbine cycles utilizing two different working 
fluids for power production.  The waste heat from the first turbine cycle provides the heat energy 
for the operation of the second turbine, thus providing higher overall system efficiencies.  
 
Bin Method – A method of predicting heating and/or cooling loads using instantaneous load 
calculation at different outdoor dry-bulb temperatures, and multiplying the result by the number 
of hours of occurrence of each temperature.  
 
Biochemical Oxygen Demand (BOD) – The amount of oxygen consumed in the oxidation of 
organic matter by biological action under specific standard test conditions.  Widely used as a 
measure of the strength of sewage and wastewater. 
 
Biocide – A chemical which can kill or inhibit the growth of lining organisms such as bacteria, 
fungi, molds, and slime.  Biocides can be harmful to humans. 
 
Bioconversion – The conversion of one form of energy into another by the action of plants or 
microorganisms.  The conversion of biomass to ethanol, methanol, or methane.  
 
Biomass – Any organic matter which is available on a renewable basis, including agricultural 
crops and agricultural wastes and residues, wood and wood wastes and residues, animal wastes, 
municipal wastes, and aquatic plants. 
 



  

 A-4

Biomass Gasification – The conversion of biomass into a gas, by biogasification (see above) or 
thermal gasification, in which hydrogen is produced from high-temperature gasifying and low-
temperature pyrolysis of biomass.  
 
British Thermal Unit (Btu) – The amount of heat required to raise the temperature of 1 pound 
of water 1°F; equal to 252 calories.  
 
Building Envelope – The structural elements (walls, roof, floor, foundation) of a building that 
encloses conditioned space; the building shell.  
 
Building Orientation – The relationship of a building to true south, as specified by the direction 
of its longest axis.  
 
Bulk Density – The weight of a material per unit of volume compared to the weight of the same 
volume of water.  
 
Capital Costs – The amount of money needed to purchase equipment, buildings, tools, and other 
manufactured goods that can be used in production.  
 
Caulking – A material used to seal areas of potential air leakage into or out of a building 
envelope.  
 
Ceiling – The downward facing structural element that is directly opposite the floor.  
 
Ceiling Fan – A mechanical device used for air circulation and to provide cooling.  
 
Cell – A component of an electrochemical battery.  A primary cell consists of two dissimilar 
elements, known as electrodes, immersed in a liquid or paste known as the electrolyte.  A direct 
current of 1 to 1.5 volts will be produced by this cell.  A secondary cell or accumulator is a 
similar design but is made useful by passing a direct current of correct strength through it in a 
certain direction.  Each of these cells will produce 2 volts; a 12 volt car battery contains six cells.  
 
Cellulose – The fundamental constituent of all vegetative tissue; the most abundant material in 
the world.  
 
Chiller – A device for removing heat from a gas or liquid stream for air-conditioning/cooling.  
 
Chlorine – Widely used in the disinfection of water and as an oxidizing agent for organic matter, 
iron, and hydrogen sulfide.  It is available as a gas, as a liquid in sodium, hypochlorite, or as a 
solid in calcium hypochlorite.  In water chlorine reacts with organics to form trihalomethanes 
(THM) which can cause cancer.  
 
Chlorofluorocarbons (CFC) – A family of chemical used in refrigerants in some commercial 
air-conditioning and refrigeration system.  Use of CFCs is being phased out due to their 
destructive effect on the Earth’s ozone layer. 
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Clerestory – A window located high in a wall near the eaves that allows daylight into a building 
interior, and may be used for ventilation and solar heat gain.  
 
Closed Cycle – A system in which a working fluid is used over and over without introduction of 
new fluid, as in a hydronic heating system or mechanical refrigeration system.  
 
Closed-Loop – A type of heating system in which the heat-transfer fluid circulates from the 
heating component to a heat exchanger that is immersed in a heat storage media, passing its heat 
to the storage media without physically contacting it.  
 
Closed Loop Biomass – Any organic matter from a plant that is planted for the exclusive 
purpose of being used to produce energy.  This does not include wood or agricultural wastes or 
standing timber.  
 
Coefficient of Heat Transmission (U-Value) – A value that describes the ability of a material 
to conduct heat.  The number of Btu that flow through 1 square foot of material, in one hour.  It 
is the reciprocal of the R-Value (U-Value = 1/R-Value).  
 
Cofiring – The use of two or more different fuels (e.g. wood and coal) simultaneously in the 
same combustion chamber of a power plant.  
 
Cogeneration – The generation of electricity or shaft power by an energy conversion system and 
the concurrent use of rejected thermal energy from the conversion system as an auxiliary energy 
source.  
 
Coil – As a component of a heating or cooling appliance, rows of tubing or pipe with fins 
attached through which a heat-transfer fluid is circulated and to deliver heat or cooling energy to 
a building.  
 
Coliform – A group of bacteria used as indicators of microbiological contamination. 
 
Collector – The component of a solar energy heating system that collects solar radiation, and 
that contains components to absorb solar radiation and transfer the heat to a heat-transfer fluid 
(air or liquid).  
 
Collector Efficiency – The ratio of solar radiation captured and transferred to the collector 
(heat-transfer) fluid.  
 
Collector Fluid – The fluid, liquid (water or water/antifreeze solution) or air, used to absorb 
solar energy and transfer it for direct use, indirect heating of interior air or domestic water, 
and/or to a heat storage medium.  
 
Collector Tilt – The angle that a solar collector is positioned from horizontal.  
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Combined-Cycle Power Plant – A power plant that uses two thermodynamic cycles to achieve 
higher overall system efficiency; e.g.: the heat from a gas-fired combustion turbine is used to 
generate steam for heating or to operate a steam turbine to generate additional electricity.  
 
Combustion – The process of burning; the oxidation of a material by applying heat, which 
unites oxygen with a material or fuel.  
 
Combustion Air – Air that provides the necessary oxygen for complete, clean combustion and 
maximum heating value.  
 
Combustion Chamber – Any wholly or partially enclosed space in which combustion takes 
place.  
 
Combustion Gases – The gaseous byproducts of the combustion of a fuel.  
 
Combustion Power Plant – A power plant that generates power by combusting a fuel.  
 
Combustion Turbine – A turbine that generates power from the combustion of a fuel.  
 
Concentrator (Solar) Collector – A solar collector that uses reflective surfaces to concentrate 
sunlight onto a small area, where it is absorbed and converted to heat or, in the case of solar 
photovoltaic (PV) devices, into electricity.  Concentrators can increase the power flux of sunlight 
hundreds of times.  The principal types of concentrating collectors include: compound parabolic, 
parabolic trough, fixed reflector moving receiver, fixed receiver moving reflector, fresnel lense, 
and central receiver.  A PV concentrating module uses optical elements (fresnel lense) to 
increase the amount of sunlight incident onto a PV cell.  Concentrating PV modules/arrays must 
track the sun and use only the direct sunlight because the diffuse portion cannot be focused onto 
the PV cells.  
 
Conservation – Saving; not wasting; using energy and/or water wisely. 
 
Constant-Speed Wind Turbines – Wind turbines that operate at a constant rotor revolutions per 
minute (RPM) and are optimized for energy capture at a given rotor diameter at a particular 
speed in the wind power curve.  
 
Construction of Facilities (CoF) - a program that provides for the repair, rehabilitation, and 
modification of existing facilities; the construction of new facilities; the acquisition of related 
collateral equipment; the design of facilities projects; and advanced planning related to future 
facility needs. 
 
Conversion Efficiency – The amount of energy produced as a percentage of the amount of 
energy consumed.  
 
Cooling Capacity – The quantity of heat that a cooling appliance is capable of removing from a 
room in one hour.  
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Cooling Degree Day – A value used to estimate interior air cooling requirements (load) 
calculated as the number of degrees per day (over a specified period) that the daily average 
temperature is above 65°F (or some other, specified base temperature).  The daily average 
temperature is the mean of the maximum and minimum temperatures recorded for a specific 
location for a 24 hour period.  
 
Cooling Load – That amount of cooling energy to be supplied (or heat and humidity removed) 
based on the sensible and latent loads.  
 
Cost – The outlay or expenditure (as of money, effort, or sacrifice) made to achieve an object or 
advantage. 
 
Cost-effective – Able at least to pay for itself or make a profit. 
 
Cubic Foot of Water – The amount of water needed to fill a cube that is one foot on all sides; 
about 7.5 gallons. 
 
Dam – A structure built to hold back a flow of water. 
 
Darrieus (Wind) Machine – A type of vertical-axis wind machine that has long, thin blades in 
the shape of loops connected to the top and bottom of the axle; often called an “eggbeater 
windmill.”  
 
Daylighting – The use of direct, diffuse, or reflected sunlight to provide supplemental lighting 
for building interiors.  
 
Degree Day – A unit for measuring the extent that the outdoor daily average temperature (the 
mean of the maximum and minimum daily dry-bulb temperatures) falls below (in the case of 
heating, see Heating Degree Day), or falls above (in the case of cooling, see Cooling Degree 
Day) an assumed base temperature, normally taken as 65°F, unless otherwise stated.  One degree 
day is counted for each degree below (for heating) or above (in the case of cooling) the base, for 
each calendar day on which the temperature goes below or above the base.  
 
Degree Hour – The product of 1 hour, and usually the number of degrees Fahrenheit the hourly 
mean temperature is above a base point (usually 65°F); used in roughly estimating or measuring 
the cooling load in cases where processes heat, heat from building occupants, and humidity are 
relatively unimportant compared to the dry-bulb temperature.  
 
Demand – The quantity of goods or services that consumers are willing and able to buy at a 
given price. 
 
Demand-Side Management (DSM) – Planning, implementation, and evaluation of utility-
sponsored programs to influence the amount or timing of customers’ energy use. 
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Dewpoint – The temperature to which air must be cooled, at constant pressure and water vapor 
content, in order for saturation or condensation to occur; the temperature at which the saturation 
pressure is the same as the existing vapor pressure; also called saturation point.  
 
Diffuse Solar Radiation – Sunlight scattered by atmospheric particles and gases so that it 
arrives at the Earth's surface from all directions and can not be focused.  
 
Direct Current – A type of electricity transmission and distribution by which electricity flows 
in one direction through the conductor; usually relatively low voltage and high current; typically 
abbreviated as DC.  
 
Direct-Gain – The process by which sunlight directly enters a building through the windows and 
is absorbed and stored in massive floors or walls.  
 
Discharge – The amount of water flowing past a location in a stream/river in a certain amount of 
time, usually expressed in liters per second or gallons per minute. 
 
Disinfect – To destroy harmful microorganisms. 
 
Drainback (Solar) Systems – A closed-loop solar heating system in which the heat-transfer 
fluid in the collector loop drains into a tank or reservoir whenever the booster pump stops to 
protect the collector loop from freezing.  
 
Draindown (Solar) Systems – An open-loop solar heating system in which the heat-transfer 
fluid from the collector loop and the piping drain into a drain whenever freezing conditions 
occur. 
 
Drought – A prolonged period of below-average precipitation. 
 
Dry Bulb Temperature – The temperature of the air as measured by a standard thermometer. 
 
Earth-Coupled Ground Source (Geothermal) Heat Pump – A type of heat pump that uses 
sealed horizontal or vertical pipes, buried in the ground, as heat exchangers through which a 
fluid is circulated to transfer heat.  
 
Economic Benefit – A gain that can be measured in dollars. 
 
Economic Cost – A cost involved in a trade-off that requires spending money. 
 
Effective Capacity – The maximum load that a device is capable of carrying.  
 
Efficiency – Effective operation as measured by a comparison of production with cost. 
 
Electrochemical Cell – A device containing two conducting electrodes, one positive and the 
other negative, made of dissimilar materials (usually metals) that are immersed in a chemical 
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solution (electrolyte) that transmits positive ions from the negative to the positive electrode and 
thus forms an electrical charge.  One or more cells constitute a battery.  
 
Emissivity – The ratio of the radiant energy (heat) leaving (being emitted by) a surface to that of 
a black body at the same temperature and with the same area; expressed as a number between 0 
and 1.  
 
Energy Service Company (ESCO) – A company that offers to reduce a client’s energy 
consumption in return for a share of the cost savings. 
 
Energy Conservation Measure (ECM)/Energy Conservation Opportunity (ECO) – Any of a 
wide variety of methods to reduce energy consumption through changes in operational 
procedures or the application of new technological alternatives. 
 
Energy-Intensive Building/Facility – Buildings or facilities that are subject to the energy 
efficiency improvement goals for industrial and laboratory facilities set forth in EO 13123, 
Section 203.  This definition includes laboratories, research facilities, electronics-intensive 
facilities, and facilities housing 24-hour-a-day operations that consume energy far in excess of 
the normal heating, cooling, lighting, ventilation, and water heating energy load requirements of 
a standard building or facility of comparable size. 
 
Energy Policy Act of 1992 (EPACT) – Federal legislation that addresses a wide variety of 
energy issues.  
 
Energy Project – A facility project that provides improve use of all types of energy resources 
through conservation and/or increased efficiency.  Savings in energy, staffing, and other areas 
must have a reasonably cost-effective return on the project investment.  Also, energy savings 
must represent a substantial part of the savings. 
 
Energy Monitoring and Control System (EMCS) – A computerized system for monitoring 
and controlling remote systems through an integrated system of network controls. 
 
Energy Savings Performance Contracting (ESPC) – A contract that provides for the 
performance of services for the design, acquisition, financing, installation, testing, operation, and 
where appropriate, maintenance and repair, of an identified energy or water conservation 
measure or series of measures at one or more locations.  Such contracts provide that the 
contractor must incur costs of implementing energy savings measures, including at least the cost 
(if any) incurred in making energy audits, acquiring and installing equipment, and training 
personnel in exchange for a predetermined share of the value of the energy savings directly 
resulting from implementation of such measures during the term of the contract.  Payment to the 
contractor is contingent upon realizing a guaranteed stream of future energy and cost savings.  
All additional savings accrue to the Federal Government. 
 
Environment – The surroundings that affect the growth and development of an organism. 
 
Environmental Impacts – Factors that affect organisms and the surroundings of organisms. 
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Erosion – The processes (including soil erosion) of picking up sediments, moving sediments, 
shaping sediments, and depositing sediments by various agents; erosional agents include 
streams, glaciers, wind and gravity. 
 
Evaporation – Water changing into vapor and rising into the air. 
 
Expense – Something spent (such as money, time or effort) to secure a benefit or bring about a 
result. 
 
Fan – A device that moves and/or circulates air and provides ventilation for a room or a 
building.  
 
Fan Coil – A heat exchanger coil in which a fluid such as water is circulated and a fan blows air 
over the coil to distribute heat or cool air to the different rooms.  
 
Federal Energy Decision Screening System (FEDS) – A family of software tools sponsored by 
the Department of Energy to provide a comprehensive, fuel-neutral approach for analyzing 
energy efficiency opportunities at Federal facilities. 
 
Federal Energy Management Program (FEMP) – The overall management system within the 
Department of Energy for providing guidance and assistance to Federal agencies in planning and 
implementing energy management programs that will improve the energy efficiency and fuel 
flexibility of the Federal infrastructure, thereby meeting Federal energy conservation goals. 
 
Feedstock – A raw material that can be converted to one or more products.  
 
Filter – A device used to clean water by removing iron, silt, taste, odor, and color before it is fed 
into the softener or supply lines of the consumer.  Includes mechanical, adsorptive, oxidizing, 
and neutralizing filters.  Available as media beds in tanks or as cartridge type devices.  
 
Filtration – The process of passing water through a porous substance to remove solids in 
suspension.  Available as media beds in tanks or as cartridge type devices. 
 
Flat-Plate Solar Thermal/Heating Collectors – Large, flat boxes with glass covers and dark-
colored metal plates inside that absorb and transfer solar energy to a heat-transfer fluid.  
 
Flat-Plate Solar Photovoltaic Module – An arrangement of photovoltaic cells or material 
mounted on a rigid flat surface with the cells exposed freely to incoming sunlight.  
 
Flow Controller – An in-line self-pressure adjusting or orifice to regulate the flow of water or 
regenerant through a water conditioner.  
 
Flow Rate – The volume of solution which passes through a given quantity of resin within a 
given time.  Flow rate is usually expressed in terms of gallons per minute per cubic foot of resin, 
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or as milliliters per minute per milliliter of resin.  If the flow rate is greater than it should be, the 
water will not be completely softened or filtered.  
 
Fluidized Bed Combustion (FBC) – A type of furnace or reactor in which fuel particles are 
combusted while suspended in a stream of hot gas.  
 
Flush Valve (Flushometer) – A self-closing valve used for flushing urinals and toilets.  This 
type of valve allows flow rates of 15 to 20 gpm for up to 10 seconds.  
 
Fly Ash – The fine particulate matter entrained in the flue gases of a combustion power plant.  
 
Flywheel Effect – The damping of interior temperature fluctuations by massive construction.  
 
Foot Candle – A unit of illuminance; equal to one lumen per square foot.  
 
Foot Pound – The amount of work done in raising one pound one foot.  
 
Fuel Rate – The amount of fuel necessary to generate one kilowatt-hour of electricity.  
 
Gallon – A unit of measure equal to four quarts or 128 fluid ounces. 
 
Gasification – The process in which a solid fuel is converted into a gas; also known as pyrolitic 
distillation or pyrolysis.  Production of a clean fuel gas makes a wide variety of power options 
available.  
 
Gasifier – A device for converting a solid fuel to a gaseous fuel.  
 
Gas Turbine – A type of turbine in which combusted, pressurized gas is directed against a series 
of blades connected to a shaft, which forces the shaft to turn to produce mechanical energy.  
 
Geothermal Heat Pump – A type of heat pump that uses the ground, ground water, or ponds as 
a heat source and heat sink, rather than outside air.  Ground or water temperatures are more 
constant and are warmer in winter and cooler in summer than air temperatures.  
 
Geothermal Power Station – An electricity generating facility that uses geothermal energy.  
 
Glare – The discomfort or interference with visual perception when viewing a bright object 
against a dark background.  
 
Glazing – A term used for the transparent or translucent material in a window.  This material 
(i.e. glass, plastic films, coated glass) is used for admitting solar energy and light through 
windows.  
 
Global Insolation (or Solar Radiation) – The total diffuse and direct insolation on a horizontal 
surface, averaged over a specified period of time.  
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Greenhouse Gases – A group of six gases believed to contribute to global warming.  The six 
greenhouse gases listed in the Kyoto Protocol are: carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur hexafluoride 
(SF6).  The primary greenhouse gas associated with facility energy use is CO2. 
 
Grid – A system of interconnected power lines and generators that is managed so that the 
generators are dispatched as needed to meet the requirements of the customers connected to the 
grid at various points. 
 
Ground – A device used to protect the user of any electrical system or appliance from shock.  
 
Ground-Source Heat Pump (see geothermal heat pump)  
 
Hardness – A characteristic of natural water due to the presence of dissolved calcium and 
magnesium; water hardness is responsible for most scale formation in pipes and water heaters, 
and forms insoluble “curd” when it reacts with soaps. 
 
Heat Gain – The amount of heat introduced to a space from all heat producing sources, such as 
building occupants, lights, appliances, and from the environment, mainly solar energy.  
 
Heating Value – The amount of heat produced from the complete combustion of a unit of fuel. 
The higher (or gross) heating value is that when all products of combustion are cooled to the 
precombustion temperature, water vapor formed during combustion is condensed, and necessary 
corrections have been made.  Lower (or net) heating value is obtained by subtracting from the 
gross heating value the latent heat of vaporization of the water vapor formed by the combustion 
of the hydrogen in the fuel.  
 
Heating, Ventilating, and Air-Conditioning (HVAC) System – All the components of the 
appliance used to condition interior air of a building.  
 
Heat Loss – The heat that flows from the building interior, through the building envelope to the 
outside environment.  
 
Heat Pump – An electricity powered device that extracts available heat from one area (the heat 
source) and transfers it to another (the heat sink) to either heat or cool an interior space or to 
extract heat energy from a fluid.  
 
Heat Rate – The ratio of fuel energy input as heat per unit of net work output; a measure of a 
power plant thermal efficiency, generally expressed as Btu per net kilowatt-hour.  
 
Heat Transfer – The flow of heat from one area to another by conduction, convection, and/or 
radiation.  Heat flows naturally from a warmer to a cooler material or space.  
 
Heat-Transfer Fluid – A gas or liquid used to move heat energy from one place to another; a 
refrigerant.  
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Heat Transmission Coefficient – Any coefficient used to calculate heat transmission by 
conduction, convection, or radiation through materials or structures.  
 
High-Intensity Discharge (HID) Lighting – Refers to lighting provided by mercury vapor, 
metal halide, and high-pressure sodium lamps. 
 
Higher Heating Value (HHV) – The maximum heating value of a fuel sample, which includes 
the calorific value of the fuel (bone dry) and the latent heat of vaporization of the water in the 
fuel.  
 
Horizontal-Axis Wind Turbines – Turbines in which the axis of the rotor's rotation is parallel 
to the wind stream and the ground. 
 
Humidity – A measure of the moisture content of air; may be expressed as absolute, mixing 
ratio, saturation deficit, relative, or specific.  
 
Hydroelectric Plant – A power plant that produces electricity from the power of rushing water 
turning turbine-generators. 
 
Illuminance – A measure of the amount of light incident on a surface; measured in foot-candles 
or Lux.  
 
Incident Solar Radiation – The amount of solar radiation striking a surface per unit of time and 
area.  
 
Indirect Solar Gain System – A passive solar heating system in which the sun warms a heat 
storage element, and the heat is distributed to the interior space by convection, conduction, and 
radiation.  
 
Indirect Water Heater – A type of water heater that circulates water through a heat exchanger 
in a boiler.  The heated water then flows into an insulated storage tank.  
 
Industrial Process Heat – The thermal energy used in an industrial process.  
 
Inorganic – Chemicals not containing the element carbon. 
 
Insolation – The solar power density incident on a surface of stated area and orientation, usually 
expressed as Watts per square meter or Btu per square foot per hour.  
 
Instantaneous Efficiency (of a Solar Collector) – The amount of energy absorbed (or 
converted) by a solar collector (or photovoltaic cell or module) over a 15 minute period.  
 
Insulation – Materials that prevent or slow down the movement of heat.  
 
Integrated Collector/Storage (ICS) Solar Systems – Also called “batch” or “breadbox” water 
heaters, they combine the collector and storage tank in one unit.  The sun shining into the 
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collector strikes the storage tank directly, heating the water.  The large thermal mass of the 
water, plus methods to reduce heat loss through the tank, prevent the stored water from freezing.  
 
Internal Combustion Electric Power Plant – The generation of electric power by a heat engine 
which converts part of the heat generated by combustion of the fuel into mechanical motion to 
operate an electric generator.  
 
Internal Gain – The heat produced by sources of heat in a building (e.g., occupants, appliances, 
and lighting).  
 
Inverter – A device that that converts direct current electricity (from for example a solar 
photovoltaic module or array) to alternating current for use directly to operate appliances or to 
supply power to a electricity grid.  
 
Ion – An atom, or group of atoms in a solution which function as a unit, and has a positive or 
negative electrical charge, due to the gain or loss of one or more electrons.  It is smaller than a 
colloid.  
 
Ion Exchange – A reversible process in which ions are released from an insoluble permanent 
material in exchange for other ions in a surrounding solution; the direction of the exchange 
depends upon the affinities of the ion exchanger for the ions present and the concentration of the 
ions in the solution.  The ion exchanger media is an insoluble permanent solid medium.  
 
Ionization – The dissociation of molecules into simpler, electronically charged particles.  It is 
related to the gaining or losing of electrons causing the atoms to become electronically charged.  
 
Irradiance – The direct, diffuse, and reflected solar radiation that strikes a surface.  
 
Irrigation – Supplying water to agriculture by artificial means, such as pumping water onto 
crops in an area where rainfall is insufficient. 
 
Kilovolt-Ampere (kVa) – A unit of apparent power, equal to 1,000 volt-amperes; the 
mathematical product of the volts and amperes in an electrical circuit.  
 
Kilowatt (kW) – A standard unit of electrical power equal to one thousand watts, or to the 
energy consumption at a rate of 1000 Joules per second.  
 
Kilowatt-hour (kWh) – A unit or measure of electricity supply or consumption of 1,000 Watts 
over the period of one hour; equivalent to 3,412 Btu.  
 
Landscaping – Features and vegetation on the outside of or surrounding a building for aesthetics 
and energy conservation.  
 
Latent Heat – The change in heat content that occurs with a change in phase and without 
change in temperature.  
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Latent Heat of Vaporization – The quantity of heat produced to change a unit weight of a 
liquid to vapor with no change in temperature.  
 
Life-cycle Cost – The sum of all the costs both recurring and nonrecurring, related to a product, 
structure, system, or service during its life span or specified time period.  
 
Lift – The force that pulls a wind turbine blade, as opposed to drag.  
 
Light-Emitting Diode (LED) – A small, highly efficient solid-state electronic device made from 
semiconductor materials that emits light when current flows through it.  This device is 
particularly effective in exit signs where they require only a fraction of the power required by 
conventional signs.  
 
Liquid-To-Air Heat Exchanger – A heat exchanger that transfers the heat contained in a liquid 
heat transfer fluid to air.  
 
Liquid-To-Liquid Heat Exchanger – A heat exchanger that transfers heat contained in a liquid 
heat transfer fluid to another liquid.  
 
Load – The demand on an energy producing system; the energy consumption or requirement of 
a piece or group of equipment.  
 
Load Factor – The ratio of average energy demand (load) to maximum demand (peak load) 
during a specific period.  
 
Load Shedding – Turning off or disconnecting loads to limit peak demand.  
 
Low-emittance Coatings & (Window) Films – A coating applied to the surface of the glazing 
of a window to reduce heat transfer through the window.  
 
Lumen – An empirical measure of the quantity of light.  It is based upon the spectral sensitivity 
of the photosensors in the human eye under high (daytime) light levels.  Photometrically it is the 
luminous flux emitted with a solid angle (1 steradian) by a point source having a uniform 
luminous intensity of 1 candela.  
 
Luminance – The physical measure of the subjective sensation of brightness; measured in 
lumens.  
 
Lux – The unit of illuminance equivalent to 1 lumen per square meter.  
 
MCF – An abbreviation for one thousand cubic feet of natural gas with a heat content of 
approximately 1,000,000 Btus, or 10 therms.  
 
Mean Power Output (of a Wind Turbine) – The average power output of a wind energy 
conversion system at a given mean wind speed based on a Raleigh frequency distribution.  
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Mean Wind Speed – The arithmetic wind speed over a specified time period and height above 
the ground (the majority of U.S. National Weather Service anemometers are at 20 feet (6.1 
meters)). 
 
Medium Btu Gas – Fuel gas with a heating value of between 200 and 300 Btu per cubic foot.  
 
Medium Pressure – For valves and fittings, implies that they are suitable for working pressures 
between 125 to 175 pounds per square inch.  
 
Methane – A colorless, odorless, tasteless gas composed of one molecule of Carbon and four of 
hydrogen, which is highly flammable.  It is the main constituent of “natural gas” that is formed 
naturally by methanogenic, anaerobic bacteria or can be manufactured, and which is used as a 
fuel and for manufacturing chemicals.  
 
Metrics – Meaningful measures.  For a measure to be meaningful, it must present data that 
encompasses the right action.  In the context of this guide, metrics refers to performance 
measures. 
 
Microclimate – The local climate of specific place or habitat, as influenced by landscape 
features.  
 
Mill – A common utility monetary measure equal to one thousandth of a dollar or a tenth of a 
cent.  
 
Mission Variable Facility – An energy-intensive building or facility for which NASA claims 
exemption from the energy efficiency improvement goals for standard buildings and industrial 
and laboratory facilities set forth in EO 13123, Sections 202 and 203.  Exemptions must be 
justified on the basis of technical or economic infeasibility of making significant energy 
efficiency improvements due to the facility’s physical nature or where conventional performance 
measures are rendered meaningless by an overwhelming proportion of process-dedicated energy. 
 
Module – The smallest self-contained, environmentally protected structure housing 
interconnected photovoltaic cells and providing a single dc electrical output; also called a panel.  
 
Moisture Content – The water content of a substance (a solid fuel) as measured under specified 
conditions being the: Dry Basis, which equals the weight of the wet sample minus the weight of 
a (bone) dry sample divided by the weight of the dry sample times 100 (to get percent); Wet 
Basis, which is equal to the weight of the wet sample minus the weight of the dry sample divided 
by the weight of the wet sample times 100.  
 
Moisture Control – The process of controlling indoor moisture levels and condensation.  
 
Mulch – Material spread on the ground to reduce soil erosion and evaporation of water; include 
hay, plastic sheeting and wood chips. 
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Municipal Solid Waste (MSW) – Waste material from households and businesses in a 
community that is not regulated as hazardous.  
 
Municipal Water District – A public water provider governed by a locally elected board of 
directors, which supplies water to the public directly or through subagencies. 
 
NASA Environmental Tracking System (NETS) – A computer application designed to collect 
Agency environmental information including energy consumption and cost data from NASA 
Centers and Component Facilities, and to transform this data into reports to track Agency 
performance toward mandated goals. 
 
Natural Cooling – Space cooling achieved by shading, natural (unassisted, as opposed to 
forced) ventilation, conduction control, radiation, and evaporation; also called passive cooling.  
 
Natural Ventilation – Ventilation that is created by the differences in the distribution of air 
pressures around a building.  Air moves from areas of high pressure to areas of low pressure with 
gravity and wind pressure affecting the airflow.  The placement and control of doors and 
windows alters natural ventilation patterns.  
 
Nocturnal Cooling – The effect of cooling by the radiation of heat from a building to the night 
sky.  
 
Noneconomic Benefit – A gain resulting from a trade-off that cannot be measured in dollars. 
 
Nonmission Variable Building/Facility – A standard building or facility that is subject to the 
energy efficiency improvement goals for Federal buildings set forth in EO 13123, Section 202.  
This category includes office buildings, storage buildings, laboratories, and other research and 
development buildings that are not energy-intensive.   
 
Open Competition – Allowing the customer to choose the electricity supplier in order to 
achieve more efficient and less costly electrical power.  Retail and wholesale wheeling are forms 
of open competition.  Wholesale wheeling is already occurring and allows wholesale purchasers 
(utilities, municipalities, and cooperatives) to choose their power generators and have the local 
utility deliver (wheel) it to them.  Retail wheeling is yet to be fully implemented but allows retail 
purchasers (industrial, commercial, and consumer) to choose their power generators. 
 
Open-Loop System – A heating system, such as a solar water heater or geothermal heatpump, in 
which the working fluid is heated and used directly; in an open-loop solar system, the domestic 
water is circulated in the collector loop.  
 
Organic – Any chemical containing the element carbon. 
 
Orientation – The alignment of a building along a given axis to face a specific geographical 
direction.  The alignment of a solar collector, in number of degrees east or west of true south.  
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Osmosis – A process of diffusion of a solvent such as water through a semi-permeable 
membrane which will transmit the solvent but impede most dissolved substances.  The normal 
flow of solvent is from the dilute solution to the concentrated solution.  Osmosis causes the 
stronger solution to become more diluted and tends to equalize the opposing solutions.  
 
Outside Coil – The heat-transfer (exchanger) component of a heatpump, located outdoors, from 
which heat is collected in the heating mode, or expelled in the cooling mode.  
 
Overhang – A building element that shades windows, walls, and doors from direct solar 
radiation and protects these elements from precipitation.  
 
Ozone – An unstable form of oxygen (03), which can be generated by sending a high voltage 
electrical discharge through air or regular oxygen.  It is a strong oxidizing agent and has been 
used in water conditioning as a disinfectant.  It can be also produced by some types of ultraviolet 
lamps and during lightning storms.  
 
Pane (Window) – The area of glass that fits in the window frame.  
 
Panel (Solar) – A term generally applied to individual solar collectors, and typically to solar 
photovoltaic collectors or modules.  
 
Parabolic Trough – A solar energy conversion device that uses a trough covered with a highly 
reflective surface to focus sunlight onto a linear absorber containing a working fluid that can be 
used for medium temperature space or process heat or to operate a steam turbine for power or 
electricity generation.  
 
Passive/Natural Cooling – To allow or augment the natural movement of cooler air from 
exterior, shaded areas of a building through or around a building.  
 
Passive Solar (Building) Design – A building design that uses structural elements of a building 
to heat and cool a building, without the use of mechanical equipment, which requires careful 
consideration of the local climate and solar energy resource, building orientation, and landscape 
features, to name a few.  The principal elements include proper building orientation, proper 
window sizing and placement and design of window overhangs to reduce summer heat gain and 
ensure winter heat gain, and proper sizing of thermal energy storage mass (for example a 
Trombe wall or masonry tiles).  
 
Passive Solar Heater – A solar water or space-heating system in which solar energy is 
collected, and/or moved by natural convection without using pumps or fans.  Passive systems are 
typically integral collector/storage (ICS; or batch collectors) or thermosyphon systems.  The 
major advantage of these systems is that they do not use controls, pumps, sensors, or other 
mechanical parts, so little or no maintenance is required over the lifetime of the system.  
 
Pathogenic – Capable of causing disease. 
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Payback – The amount of time required for positive cash flows to equal the total investment 
costs.  
 
Peak Demand/Load – The maximum energy demand or load in a specified time period.  
 
Peaking Capacity – Power generation equipment or system capacity to meet peak power 
demands.  
 
pH (potential of Hydrogen) – An expression of the acidity of a solution; the negative logarithm 
of the hydrogen ion concentration (pH 1 very acidic; pH 14, very basic; pH 7, neutral), e.g., pH 5 
is 10 times the acidity of 6 and 100 times the acidity of 7.  pH is a measure of intensity and not 
capacity.  It is the logarithm of the reciprocal of the hydrogen ion concentration of a solution.  
The neutral point of 7 indicates the presence of equal concentrations of free hydrogen and free 
hydroxide ions.  
 
Photoelectric Cell – A device for measuring light intensity that works by converting light falling 
on, or reach it, to electricity, and then measuring the current; used in photometers.  
 
Photoelectrochemical Cell – A type of photovoltaic device in which the electricity induced in 
the cell is used immediately within the cell to produce a chemical, such as hydrogen, which can 
then be withdrawn for use.  
 
Photon – A particle of light that acts as an individual unit of energy.  
 
Photovoltaic (Conversion) Efficiency – The ratio of the electric power produced by a 
photovoltaic device to the power of the sunlight incident on the device.  
 
Photovoltaic  (PV) Array – A group of solar photovoltaic modules connected together.  
 
Photovoltaic (Solar) Cell – A single photovoltaic device.  
 
Photovoltaic Device – A solid-state electrical device that converts light directly into direct 
current electricity of voltage-current characteristics that are a function of the characteristics of 
the light source and the materials in and design of the device.  Solar photovoltaic devices are 
made of various semi-conductor materials including silicon, cadmium sulfide, cadmium 
telluride, and gallium arsenide, and in single crystalline, multicrystalline, or amorphous forms.  
 
Photovoltaic-Thermal (PV/T) Systems – A solar energy system that produces electricity with a 
PV module, and collects thermal energy from the module for heating. 
 
Pipeline – Carries water underground to homes and businesses. 
 
Potable Water – Water which is considered safe and fit for human consumption, culinary and 
domestic purposes and meets the requirements of the health authority having jurisdiction.  
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Power (Output) Curve – A plot of a wind energy conversion device’s power output versus 
wind speed.  
 
Power Density – The amount of power per unit area of a free windstream.  
 
Power Factor (PF) – The ratio of actual power being used in a circuit, expressed in watts or 
kilowatts, to the power that is apparently being drawn from a power source, expressed in volt-
amperes or kilovolt-amperes.  
 
Power Quality – Refers to mitigating problems with power quality such as dips, swells, sags, 
harmonics, flicker, unbalance, frequency, and voltage transients.  Determining if the problems 
are caused by the customer or by the other transmission line users sometimes requires significant 
investigation.  
 
Preheater (Solar) – A solar heating system that preheats water or air that is then heated more by 
another heating appliance.  
 
Process Heat – Thermal energy that is used in agricultural and industrial operations.  
 
Propeller (Hydro) Turbine – A turbine that has a runner with attached blades similar to a 
propeller used to drive a ship.  As water passes over the curved propeller blades, it causes 
rotation of the shaft.  
 
Rated Power – The power output of a device under specific or nominal operating conditions.  
 
Recirculation Systems – A type of solar heating system that circulate warm water from storage 
through the collectors and exposed piping whenever freezing conditions occur; obviously a not 
very efficient system when operating in this mode.  
 
Reclaimed Water – Wastewater that has been cleaned so that it can be reused for most purposes 
except drinking. 
 
Reflectance – The amount (percent) of light that is reflected by a surface relative to the amount 
that strikes it.  
 
Reflective Coatings – Materials with various qualities that are applied to glass windows before 
installation.  These coatings reduce radiant heat transfer through the window and also reflects 
outside heat and a portion of the incoming solar energy, thus reducing heat gain.  The most 
common type has a sputtered coating on the inside of a window unit.  The other type is a durable 
“hard-coat” glass with a coating, baked into the glass surface.  
 
Reflective Window Films – A material applied to window panes that controls heat gain and 
loss, reduces glare, minimizes fabric fading, and provides privacy.  These films are retrofitted on 
existing windows.  
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Relative Humidity – A measure of the percent of moisture actually in the air compared with 
what would be in it if it were fully saturated at that temperature.  When the air is fully saturated, 
its relative humidity is 100 percent.  
 
Reliability – Electric system reliability has two components – adequacy and security.  Adequacy 
is the ability of the electric system to supply the aggregate electrical demand and energy 
requirements of the customers at all times, taking into account scheduled and unscheduled 
outages of system facilities.  Security is the ability of the electric system to withstand sudden 
disturbances such as electric short circuits or unanticipated loss of system facilities. 
 
Renewable Energy Requirements – The requirement that a given percentage of power be 
generated from renewable sources like wind, solar, and geothermal systems. 
 
Reservoir – A pond or lake where water is collected and stored until it is needed. 
 
Restructuring – The reconfiguration of the vertically-integrated electric utility.  Restructuring 
usually refers to separation of the various utility functions into individually-operated and -owned 
entities. 
 
Retrofit – The process of modifying a building’s structure.  
 
Reverse Osmosis – A process for the removal of dissolved ions from water, in which pressure is 
used to force the water through a semi-permeable membrane, which will transmit the water but 
reject most other suspended and dissolved materials.  It is called reverse osmosis because 
mechanical pressure is used to force the water to flow in the direction that is the reverse of 
natural osmosis, namely from the dilute to the concentrated solution.  
 
Rotor – An electric generator consists of an armature and a field structure.  The armature carries 
the wire loop, coil, or other windings in which the voltage is induced, whereas the field structure 
produces the magnetic field.  In small generators, the armature is usually the rotating component 
(rotor) surrounded by the stationary field structure (stator).  In large generators in commercial 
electric power plants the situation is reversed. 
 
Runoff – Liquid water that travels over the surface of the Earth, moving downward due to the 
law of gravity; runoff is one way in which water that falls as precipitation returns to the ocean. 
 
R-Value – A measure of the capacity of a material to resist heat transfer.  The R-Value is the 
reciprocal of the conductivity of a material (U-Value).  The larger the R-Value of a material, the 
greater its insulating properties. 
 
Salt – The common name for the specific chemical compound sodium chloride (NaCl), used in 
the regeneration of ion exchange water softeners.  In chemistry, the term is applied to a class of 
chemical compounds that can be formed by the neutralization of an acid with a base.  
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Sand Filter – A treatment device or structure for removing solid or colloidal material of a type 
that cannot be removed by sedimentation.  Such filters can be gravity rapid-rate or enclosed 
pressure type.  
 
Savings-to-Investment Ratio (SIR) – The ratio of the present value savings to the present value 
costs of an energy conservation measure.  The numerator of the ratio is the present value of net 
savings in energy and nonfuel O&M costs attributable to the proposed energy conservation 
measure.  The denominator is the present value of the net increase in investment and replacement 
costs less salvage value attributable to the proposed energy conservation measure. 
 
Secondary Treatment – The second step in treating wastewater to remove suspended and 
dissolved solids and biochemical oxygen (BOD) after the initial primary treatment.  
 
Sensible Cooling Effect – The difference between the total cooling effect and the dehumidifying 
effect.  
 
Sensible Cooling Load – The interior heat gain due to heat conduction, convection, and 
radiation from the exterior into the interior, and from occupants and appliances.  
 
Sensible Heat – The heat absorbed or released when a substance undergoes a change in 
temperature.  
 
Sensible Heat Storage – A heat storage system that uses a heat storage medium, and where the 
additional or removal of heat results in a change in temperature.  
 
Shading Coefficient – A measure of window glazing performance that is the ratio of the total 
solar heat gain through a specific window to the total solar heat gain through a single sheet of 
double-strength glass under the same set of conditions; expressed as a number between 0 and 1.  
 
Simple Payback Period (SPB) – The estimated time required for the cumulative value of 
energy cost savings less future nonfuel costs to equal the investment costs of the energy 
conservation measure without consideration of inflation, future price changes, or discount rates. 
 
Skylight – A window located on the roof of a structure to provide interior building spaces with 
natural daylight, warmth, and ventilation.  
 
Solar Gain – The amount of energy that a building absorbs due to solar energy striking its 
exterior and conducting to the interior or passing through windows and being absorbed by 
materials in the building.  
 
Solar Irradiation – The amount of solar radiation, both direct and diffuse, received at any 
location.  
 
Solar Pond – A body of water that contains brackish (highly saline) water that forms layers of 
differing salinity (stratifies) that absorb and trap solar energy.  Solar ponds can be used to 
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provide heat for industrial or agricultural processes, building heating and cooling, and to 
generate electricity.  
 
Solar Radiation – A general term for the visible and near visible (ultraviolet and near-infrared) 
electromagnetic radiation that is emitted by the sun.  It has a spectral, or wavelength, distribution 
that corresponds to different energy levels; short wavelength radiation has a higher energy than 
long-wavelength radiation.  
 
Solar Spectrum – The total distribution of electromagnetic radiation emanating from the sun.  
The different regions of the solar spectrum are described by their wavelength range. The visible 
region extends from about 390 to 780 nanometers (a nanometer is one billionth of one meter).  
About 99 percent of solar radiation is contained in a wavelength region from 300 nm 
(ultraviolet) to 3,000 nm (near-infrared).  The combined radiation in the wavelength region from 
280 nm to 4,000 nm is called the broadband, or total, solar radiation.  
 
Solar Thermal Electric Systems – Solar energy conversion technologies that convert solar 
energy to electricity, by heating a working fluid to power a turbine that drives a generator.  
Examples of these systems include central receiver systems, parabolic dish, and solar trough.  
 
Solar Thermal Systems – Solar energy systems that collect or absorb solar energy for useful 
purposes.  Can be used to generate high temperature heat (for electricity production and/or 
process heat), medium temperature heat (for process and space/water heating and electricity 
generation), and low temperature heat (for water and space heating and cooling).  
 
Solar Time – The period marked by successive crossing of the Earth's meridian by the sun; the 
hour angle of the sun at a point of observance (apparent time) is corrected to true (solar) time by 
taking into account the variation in the Earth's orbit and rate of rotation.  Solar time and local 
standard time are usually different for any specific location.  
 
Solar Trough Systems (see also Parabolic Trough, above) – A type of solar thermal system 
where sunlight is concentrated by a curved reflector onto a pipe containing a working fluid that 
can be used for process heat or to produce electricity. 
 
Solar Transmittance – The amount of solar energy that passes through a glazing material, 
expressed as a percentage.  
 
Spacer (Window) – Strips of material used to separate multiple panes of glass within the 
windows.  
 
Specific Heat – The amount of heat required to raise a unit mass of a substance through one 
degree, expressed as a ratio of the amount of heat required to raise an equal mass of water 
through the same range.  
 
Specific Heat Capacity – The quantity of heat required to change the temperature of one unit 
weight of a material by one degree.  
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Specific Humidity – The weight of water vapor, per unit weight of dry air.  
 
Steam Turbine – A device that converts high-pressure steam, produced in a boiler, into 
mechanical energy that can then be used to produce electricity by forcing blades in a cylinder to 
rotate and turn a generator shaft.  
 
Supply-Side – Activities conducted on the utility’s side of the customer meter. 
Activities designed to supply utility service to customers, rather than meeting load though 
conservation or efficiency measures on the customer side of the meter. 
 
Swamp Cooler – A popular term used for an evaporative cooling device.  
 
Task Lighting – Any light source designed specifically to direct light a task or work performed 
by a person or machine.  
 
Therm – A unit of heat containing 100,000 British thermal units (Btu).  
 
Thermal Balance Point – The point or outdoor temperature at which the heating capacity of a 
heat pump matches the heating requirements of a building.  
 
Thermal Energy – The energy developed through the use of heat energy.  
 
Thermal Mass – Materials that store heat.  
 
Thermal Storage Walls (Masonry or Water) – A thermal storage wall is a south-facing wall 
that is glazed on the outside.  Solar heat strikes the glazing and is absorbed into the wall, which 
conducts the heat into the room over time.  The walls are at least 8 in. thick.  Generally, the 
thicker the wall, the less the indoor temperature fluctuates.  
 
Thermal Resistance (R-Value) – This designates the resistance of a material to heat 
conduction. The greater the R-value the larger the number.  
 
Tilt Angle (of a Solar Collector or Module) – The angle at which a solar collector or module is 
set to face the sun relative to a horizontal position.  The tilt angle can be set or adjusted to 
maximize seasonal or annual energy collection.  
 
Topsoil – The top layer of soil; topsoil can grow better crops partly because it has more organic 
matter (humus), allowing it to hold more water than lower soil layers. 
 
Total Incident Radiation – The total radiation incident on a specific surface area over a time 
interval.  
 
Total Internal Reflection – The trapping of light by refraction and reflection at critical angles 
inside a semiconductor device so that it cannot escape the device and must be eventually 
absorbed by the semiconductor.  
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Tracking Solar Array – A solar energy array that follows the path of the sun to maximize the 
solar radiation incident on the PV surface.  The two most common orientations are 1-axis 
tracking where the array tracks the sun east to west and 2-axis tracking where the array points 
directly at the sun at all times.  Tracking arrays use both the direct and diffuse sunlight.  Two-
axis tracking arrays capture the maximum possible daily energy.  
 
Transpiration – Evaporation of water through the leaves of plants. 
 
Trellis – An architectural feature used to shade exterior walls; usually made of a lattice of metal 
or wood; often covered by vines to provide additional summertime shading.  
 
Triple Pane (Window) – This represents three layers of glazing in a window with an airspace 
between the middle glass and the exterior and interior panes.  
 
Trombe Wall – A wall with high thermal mass used to store solar energy passively in a solar 
home.  The wall absorbs solar energy and transfers it to the space behind the wall by means of 
radiation and by convection currents moving through spaces under, in front of, and on top of the 
wall.  
 
Tube-Type Collector – A type of solar thermal collector that has tubes (pipes) that the heat-
transfer fluid flows through that are connected to a flat absorber plate.  
 
Turbidity – A measure of the amount of finely divided suspended matter in water, which causes 
the scattering and adsorption of light rays.  Turbidity is usually reported in arbitrary 
nephalometric turbidity units (NTU) determined by measurements of light scattering.  NTU 
should not exceed 0.5 in potable water.  Turbidity can protect bacteria from sterilization. 
 
Two-Axis Tracking – A solar array tracking system capable of rotating independently about 
two axes (e.g., vertical and horizontal).  
 
Ultimate Analysis – A procedure for determining the primary elements in a substance (carbon, 
hydrogen, oxygen, nitrogen, sulfur, and ash).  
 
Ultraviolet Light – Radiation having a wave length shorter than 4000 angstroms (visible light) 
down to 100 angstroms on the border of the x-ray region.  Ultraviolet light is used as a 
disinfectant. 
 
Unglazed Solar Collector – A solar thermal collector that has an absorber that does not have a 
glazed covering.  Solar swimming pool heater systems usually use unglazed collectors because 
they circulate relatively large volumes of water through the collector and capture nearly 80 
percent of the solar energy available.  
 
Useful Heat – Heat stored above room temperature (in a solar heating system).  
 
Utility Energy-Efficiency Services Contract (UESC) – A contract for demand side 
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management services provided by a utility to improve the efficiency of use of the commodity 
being distributed.  Services can include, but are not limited to, energy efficiency and 
renewable energy project auditing, financing, design, installation, operation, maintenance, and 
monitoring. 
 
U-Value (see Coefficient of Heat Transmission) – The reciprocal of R-Value.  The lower the 
number, the greater the heat-transfer resistance (insulating) characteristics of the material.  
 
Variable-Speed Wind Turbines – Turbines in which the rotor speed increases and decreases 
with changing wind speed, producing electricity with a variable frequency.  
 
Ventilation Air – That portion of supply air that is drawn from outside, plus any recirculated air 
that has been treated to maintain a desired air quality.  
 
Vertical-Axis Wind Turbine (VAWT) – A type of wind turbine in which the axis of rotation is 
perpendicular to the wind stream and the ground. 
 
Visible Light Transmittance – The amount of visible light that passes through the glazing 
material of a window, expressed as a percentage.  
 
Visible Radiation – The visible portion of the electromagnetic spectrum with wavelengths from 
0.4 to 0.76 microns. 
 
Wafer – A thin sheet of semiconductor (photovoltaic material) made by cutting it from a single 
crystal or ingot. 
 
Wall Orientation – The geographical direction that the primary or largest exterior wall of a 
building faces. 
 
Wastewater – Water that has waste material in it. 
 
Wastewater Treatment – Cleaning wastewater. 
 
Water Conditioning – Virtually any form of water treatment designed to improve the quality of 
water, by neutralization, inhibition, or removal of undesirable substances. 
 
Water Quality – The condition of water as it relates to impurities. 
 
Water Source Heat Pump – A type of (geothermal) heat pump that uses well (ground) or 
surface water as a heat source.  Water has a more stable seasonal temperature than air thus 
making for a more efficient heat source.   
 
Windpower Curve – A graph representing the relationship between the power available from 
the wind and the wind speed.  The power from the wind increases proportionally with the cube 
of the wind speed.  
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Wind Power Plant – A group of wind turbines interconnected to a common utility system 
through a system of transformers, distribution lines, and (usually) one substation.  Operation, 
control, and maintenance functions are often centralized through a network of computerized 
monitoring systems, supplemented by visual inspection. 
 
Windpower Profile – The change in the power available in the wind due to changes in the 
windspeed or velocity profile; the windpower profile is proportional to the cube of the wind 
speed profile.  
 
Wind Resource Assessment – The process of characterizing the wind resource, and its energy 
potential, for a specific site or geographical area.  
 
Wind Rose – A diagram that indicates the average percentage of time that the wind blows from 
different directions, on a monthly or annual basis.  
 
Wind Speed – The rate of flow of the wind undisturbed by obstacles.  
 
Wind Speed Duration Curve – A graph that indicates the distribution of wind speeds as a 
function of the cumulative number of hours that the wind speed exceeds a given wind speed in a 
year.  
 
Wind Speed Frequency Curve – A curve that indicates the number of hours per year that 
specific wind speeds occur.  
 
Wind Speed Profile – A profile of how the wind speed changes with height above the surface of 
the ground or water.  
 
Wind Velocity – The wind speed and direction in an undisturbed flow.  
 
Wingwall – A building structural element that is built onto a building's exterior along the inner 
edges of all the windows, and extending from the ground to the eaves.  Wingwalls help ventilate 
rooms that have only one exterior wall which leads to poor cross ventilation.  Wingwalls cause 
fluctuations in the natural wind direction to create moderate pressure differences across the 
windows.  They are only effective on the windward side of the building.   
 
Xeriscape – Landscaping that doesn’t require a lot of water. 
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Appendix B:  Acronyms 
 
 
AC   Alternating Current 
ACEEE  American Council for an Energy-Efficient Economy 
AFV   Alternative Fuel Vehicle 
AHU   Air Handling Unit 
AMFA   Alternative Motor Fuels Act 
AMP (amp)  Ampere 
ANSI   American National Standards Institute 
ASEAM  A Simplified Energy Analysis Methodology 
ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning 

Engineers 
AWC   Areawide Contract 
 
BBTU (Bbtu)  Billion BTU 
BIPV   Building Intergrated Photovoltaic 
BLCC   Building Life-Cycle Cost 
BOA   Basic Ordering Agreement 
BOD   Biochemical Oxygen Demand 
BPA   Bid/Blanket Purchase Agreement 
BTU   British Thermal Units 
 
°C  Degree Celsius 
CERCLA Comprehensive Environmental Response, Compensation and Liability Act 

of 1980 
CFC   Chlorofluorocarbon 
CFL   Compact Fluorescent Lamp 
CFR   Code of Federal Regulations 
CFM (cfm)  Cubic Foot Per Minute 
CI   Coolness Index 
CIBO   Council of Industrial Boiler Operators 
CO   Contracting Officer 
CO2   Carbon Dioxide 
COBRA  Comprehensive Omnibus Budget Reconciliation Act of 1985 
CoF   Construction of Facilities 
COP   Coefficient of Performance 
COR   Contracting Officer’s Representative 
 
DC   Direct Current 
DDC   Direct Digital Control 
DLA   Defense Logistics Agency 
DO   Delivery Order 
DOD   U.S. Department of Defense 



  

 B-2

DOE   U.S. Department of Energy 
DOEOA  Department of Energy Organization Act of 1977 
DSM   Demand-Side Management 
DT   Daylight Transmittance 
DX   Direct Expansion 
 
ECM   Energy Conservation Measure 
ECO   Energy Conservation Opportunity 
EEI   Edison Electric Institute 
EER   Energy Efficiency Ratio 
EET   Energy Efficiency Team 
EMCS Energy Monitoring and Control System 
EMI   Electromagnetic Interface 
EO   Executive Order 
EPA   U.S. Environmental Protection Agency 
EPACT  Energy Policy Act of 1992 
EPCA   Energy Policy and Conservation Act of 1975 
ER   Elliptical Reflector 
ESCO   Energy Services Company 
ESPC   Energy Savings Performance Contract 
ET   Evapotranspiration 
EUI   Energy Use Index 
 
°F   Degree Fahrenheit 
FAR   Federal Acquisition Regulation 
FCA   Facility Condition Assessment 
FEDS   Federal Energy Decision Screening System 
FEMIA  Federal Energy Management Improvement Act of 1988 
FEMP   Federal Energy Management Program (part of DOE) 
FMEA   Failure Mode and Effects Analysis 
FRESA  Federal Renewable Energy Screening Assistant 
FRP   Fiberglass Reinforced Plastic 
FSS   Federal Supply Schedule 
FT   Foot 
FTA   Federal Technology Alert (publication of DOE FEMP) 
FY   Fiscal Year 
 
GJ   Gigajoule 
GCC   Gasification Combined Cycle 
GCF (gcf)  Gross Cubic Foot 
GIS   Geographic Information System 
GPF (gpf)  Gallons Per Flush   
GPM (gpm)  Gallons Per Minute 
GSA   U.S. General Services Administration 
GSF (gsf)  Gross Square Foot 
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H   Hour 
HAWT  Horizontal Axis Wind Turbine 
HCFC   Hydrochlorofluorocarbon 
HFC   Hydrofluorocarbon 
HID   High-Intensity Discharge 
HP   Horsepower 
HPS   High-Pressure Sodium 
HPWH   Heat Pump Water Heater 
HSPF   Heating Seasonal Performance Factor 
HVAC   Heating, Ventilating, and Air-Conditioning 
 
IA   Interagency Agreement 
IAQ   Indoor Air Quality 
IC   Internal Combustion 
ICS   Integrated Collector System 
IDIQ   Indefinite Delivery, Indefinite Quantity 
IES   Illuminating Engineering Society 
IGSHPA  International Ground-Source Heat Pump Association 
IPLV   Integrated Part-Load Value 
IQ   Irrigation Quality 
 
KBTU (kBtu)  Kilo(thousand) Btu  
KG (kg)  Kilogram 
KPA (kPa)  Kilopascal 
KVA (kVA)  Kilovolt-Ampere 
KVAR (kVAR) Kilovolt-Ampere (Reactive) 
KW (kW)  Kilowatt 
KWH (kWh)  Kilowatt-Hour 
 
L (l)   Liter 
LB (lb)   Pound 
LCC   Life-Cycle Cost 
LEC   Levelized Energy Cost 
LED   Light-Emitting Diode 
LPF (lpf)  Liters Per Flush 
LPG (lpg)  Liquified Petroleum Gas 
LPM (lpm)  Liters Per Minute 
LPS   Low-Pressure Sodium 
LVD   Low-Voltage Disconnect 
 
M (m)   Meter 
MA (mA)  Milliampere 
MBTU (Mbtu)  Million BTU 
MCFC   Molten Carbonate Fuel Cell 
MG (mg)  Milligram 
ML (ml)  Milliliter 
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MM (mm)  Millimeter 
MOU   Memorandum of Understanding 
MPH (mph)  Miles Per Hour 
MSW   Municipal Solid Waste 
MTBF   Mean Time Between Failure 
MW (mW)  Megawatt 
MWe   Megawatt (electric) 
MWH (mWh)  Megawatt-Hour 
M&V   Measurement and Verification 
 
NASA   National Aeronautics and Space Administration 
NEC   National Electrical Code 
NECPA  National Energy Conservation Policy Act of 1978 
NEMVP  North American Energy Measurement and Verification Protocols 
NETS   NASA Environmental Tracking System 
NFARS  NASA Federal Acquisition Regulation Supplement 
NGFC   Natural Gas Fuel Cell 
NIST   National Institute of Standards and Technology 
NPD   NASA Policy Directive 
NPG   NASA Procedures and Guidelines 
NPV   Net Present Value 
NREL   National Renewable Energy Laboratory (part of DOE) 
NTIS   National Technical Information Service 
 
OIT   Office of Industrial Technologies (part of DOE) 
OMB   Office of Management and Budget 
OTA   U.S. Congress Office of Technology Assessment (now defunct) 
O&M   Operations and Maintenance 
 
PAFC   Phosphoric Acid Fuel Cell 
PAR   Parabolic Aluminized Reflector 
PCB   Polychlorinated Biphenyl 
PCO   Procuring Contracting Officer 
PDR   Project Description and Requirements 
PEFC   Polymer Electrolyte Fuel Cell 
PH (pH)  Potential of Hydrogen 
PPM (ppm)  Parts Per Million 
PRV   Pressure-Reducing Valve 
PSI (psi)  Pounds per Square Inch 
PV   Photovoltaic 
PVC   Polyvinyl Chloride 
 
RCFA   Root Cause Failure Analysis 
RCM   Reliability Centered Maintenance 
RE   Renewable Energy 
REEP   Renewables and Energy Efficiency Planning 
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RFP   Request for Proposal 
RH   Relative Humidity 
RMS   Root Mean Square 
RO   Reverse Osmosis 
 
SAMSON  Solar and Meteorological Surface Observation Network 
SBIC   Sustainable Buildings Industry Council 
SC   Shading Coefficient 
SEER   Seasonal Energy Efficiency Ratio 
SERI   Solar Energy Research Institute (renamed NREL) 
SES   Shared Energy Savings (now called ESPC) 
SF (sf)   Square Foot 
SIR   Savings-to-Investment Ratio 
SOFC   Solid Oxide Fuel Cell 
SPB   Simple Payback Period 
STDP   Site Technical Data Package 
 
TLCC   Total Life-cycle Cost 
 
UESC   Utility Energy-Efficiency Service Contract 
ULF   Ultra Low-Flow 
UPS   Uninterruptible Power Supply 
USDT   U.S. Department of Treasury 
UV   Ultraviolet 
 
V   Volt 
VAWT  Vertical Axis Wind Turbine 
VSD   Variable Speed Drive 
 
W   Watt 
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Appendix C:  Summary of Legislation and Executive Orders Fostering Federal Energy 
Efficiency 
 
C.1  Legislation for Federal Facilities and Operations 
 
C.1.1  Reference.  Most of the following material is from the U.S. Congress Office of 
Technology Assessment (OTA), “Energy Efficiency in the Federal Government: Government by 
Good Example?,” OTA-E-492, U.S. Government Printing Office, May 1991. 
 
C.2.1  General.  Congress has addressed the issue of improving energy efficiency in the facilities 
it owns and leases and in its operations several times since the mid-1970s. Each new piece of 
legislation has combined past experience with new approaches in an effort to promote further 
efficiency gains in Federal agencies. 
 
C.2.2  Energy Policy and Conservation Act (EPCA), 42 U.S.C. 6201 et seq.  The EPCA of 1975 
was the first major piece of legislation to address Federal energy management, directing the 
President to develop a comprehensive energy management plan, including procurement 
practices, and a 10-year building plan.  The EPCA included few details, leaving those to the 
executive branch.  The EPCA also amended the Motor Vehicle Information and Cost Savings 
Act to require that the Federal automotive fleet meet or exceed the corporate average fuel 
economy mileage standards. 
 
C.2.3  Department of Energy Organization Act (DOEOA), 42 U.S.C. 7101 et seq.  Section 656 
of the DOEOA of 1977 established the Federal Interagency Energy Policy Committee (often 
called the “656 Committee”).  The 656 Committee is a senior agency management group 
comprising an assistant secretary or assistant administrator from each of the Departments of 
Defense, Commerce, House and Urban Development, Transportation, Agriculture, and Interior; 
from the U.S. Postal Service; and from the General Services Administration.  The NASA and the 
Department of Veterans Affairs have also designated members for the committee.  The 
committee is intended to strengthen energy conservation programs that emphasize productivity 
through the efficient use of energy and to concurrently encourage interagency cooperation in 
energy conservation.  It meets periodically to discuss policy options and review agency progress 
toward Federal conservation goals.  One of its purposes is to focus the attention of top Federal 
agency management on the tasks and missions related to national energy objectives rather than 
on the tasks of a particular agency. 
 
C.2.4  National Energy Conservation Policy Act (NECPA), 42 U.S.C. 8251 et seq.  In the 
NECPA of 1978, Congress took a more active role in defining detailed steps to be followed by 
the executive agencies. Several of the steps included in this legislation had been set forth by the 
President in Executive Order (EO) 12003 in 1977 (see below).  For example, where the EPCA 
directed the President to develop an energy-related procurement policy, the NECPA specified 
the use of a “life-cycle costing methodology” as the basis of policy. Similarly, where the EPCA 
directed the President to develop a 10-year building plan, the NECPA included details such as 
which buildings were subject to energy audits (all those exceeding 1000 square feet). Both of 
these NECPA provisions were part of EO 12003.  Unlike EO 12003, the NECPA set no goal for 
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percentage reduction in energy use, but instead specified the minimum rate at which Federal 
buildings had to be retrofit with all cost-effective measures.  All buildings were to have been 
retrofit by 1990.  The main provisions of the NECPA were codified as the Federal Energy 
Initiative. 
 
C.2.5  Federal Energy Management Improvement Act (FEMIA), Public Law 100-615.  The 
FEMIA of 1988 amended the NECPA and modified and added several provisions to the Federal 
Energy Initiative.  A central provision was the establishment of a goal to reduce energy 
consumption per square foot in Federal buildings by 10 percent between 1985 and 1995.  
Operations energy (i.e., energy used for transport or in energy-intensive activities such as 
nuclear reactors) was not included. FEMIA marked the first time that Congress specified the 
level of savings that should be achieved. Also, as an incentive to encourage use of SES contracts, 
Congress allowed agencies to retain a portion of cost savings for future energy conservation 
measures.  Furthermore, the FEMIA created an Interagency Energy Management Task Force, 
and directed the Department of Energy (DOE) to carry out an energy survey in a representative 
sample of Federal buildings to: (1) determine the maximum potential cost-effective energy 
savings that may be achieved, and (2) make recommendations for cost-effective energy 
efficiency and renewable energy improvements. 
 
C.2.6  Energy Policy Act of 1992 (EPACT), Public Law 102-486.  EPACT Title I, Subtitle F, 
Federal Agency Energy Management, establishes Federal agency goals and requirements and 
amends the NECPA to reflect and supplement goals and requirements set forth in EO 12759. The 
EPACT: 
 
a.  Requires that all energy and water conservation measures with Life-Cycle Cost (LCC) 
paybacks of less than 10 years be installed in all Federal buildings by January 1, 2005. 
 
b.  Contains provisions regarding energy management requirements, LCC methodology, budget 
treatment for energy conservation measures, incentives for Federal agencies, reporting 
requirements, new technology demonstrations, and agency surveys of energy-saving potential. 
 
c.  Authorizes GSA to receive rebates, other incentive payments, or goods and services from 
utilities and deposit funds into the Federal Buildings Fund for use in energy management 
improvement programs; and requires GSA to report annually to Congress on its activities related 
to Federal agency energy management. 
 
d.  Amends sections of the NECPA relating to shared energy savings (SES), provides new 
language giving agencies authority to enter into energy performance contracts, and describes the 
methodology of contract implementation. 
 
e.  In regard to intergovernmental energy management planning and coordination, requires GSA, 
along with the Interagency Energy Management Task Force, to hold five conference workshops 
in FY93 on energy management, conservation, efficiency, and planning strategy, and to hold 
biennial workshops in each of the 10 standard Federal regions thereafter. 
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f.  Requires Federal agencies to establish and maintain programs to train energy managers and to 
increase the number of trained energy managers within each agency. The Act defines a “trained 
energy manager” as “a person who has completed a course of study in the areas of: (1) 
fundamentals of building energy systems, (2) building energy codes and applicable professional 
standards, (3) energy accounting and analysis, (4) LCC methodologies, (5) fuel supply end 
pricing, and (6) instrumentation for energy surveys and audits.” 
 
g.  Requires DOE to make available energy audit teams for Federal facilities and to establish 
programs to monitor the implementation of energy efficiency improvements based on energy 
audit team recommendations. 
 
h.  Directs the OMB to issue guidelines for accurately assessing energy use in Federal buildings 
or facilities to be used in agency reports to DOE, and directs GSA to report annually on the 
estimated energy costs for leased space in which the Government does not pay these costs 
directly. 
 
i.  Directs agency Inspectors General to assess agency compliance with existing energy 
management requirements as well as the accuracy of energy-use and cost data reported by 
Federal agencies, and encourages periodic review. 
 
j.  Directs GSA, DoD, and Defense Logistics Agency to identify energy-efficient products on the 
Federal supply schedules that offer significant potential for LCC savings. 
 
k.  Requires DOE to report to Congress on options for financing conservation measures, 
including an assessment of the investment required and the possible use of revolving funds. 
 
l.  Directs agencies to establish criteria for improving energy efficiency in Federal facilities 
operated by contractors and to include such criteria in all cost-plus, award-fee contracts. 
 
m.  Confirms and expands upon the activities and goals of Section 11 of EO 12759 dealing with 
Federal fleets. Amends the Alternative Motor Fuels Act (AMFA) to include all types of 
alternative fuels and all types of light duty trucks, and changes the definition of fleet to “20 or 
more vehicles in metropolitan areas of more than 250,000 people.” Requires consideration of 
pollution-reduction potential, requires alternative fuel use in dual-fuel use, requires 50 percent 
domestic fuels, requires heavy-duty use and disposal reports, and repeals termination of the 
AMFA. Requires the use of commercial refueling facilities if available, but authorizes funds for 
refueling facilities if necessary. 
 
n.  Mandates fleet requirements for new acquisitions to the Federal fleet [i.e., FY93, 5,000 
alternative-fuel vehicles (AFVs); FY94, 7,500 AFVs; FY95, 10,000 AFVs; FY96, 25 percent; 
FY97, 33 percent; FY98, 50 percent; and FY99, 70 percent]. Allows allocation of AFV 
incremental costs to be spread over all agency vehicles and authorizes funds as necessary for 
fiscal years 1993 to 1998. 
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o.  Requires DOE and GSA to establish an agency promotion, education, and coordination 
program; allows GSA to offer leased AFVs at lower costs as an incentive for three years; 
requires GSA to establish a recognition and incentive program for Federal employees; directs 
GSA to measure the use of alternative fuels in dual-fuel vehicles; and reduces data collection 
required to a representative sample. 
 
C.3  Executive Orders for Federal Energy Efficiency 
 
C.3.1  Reference.  The material in this paragraph is also mostly from the OTA except for EO’s 
12902, 13123, 13148, and 13149. 
 
C.3.2  EO 11912, “Delegation of Authorities Related to Energy Policy and Conservation,” 3 
CFR (1976 Compilation).  There have been several EO’s related to Federal energy efficiency.  
The earliest was EO 11912 of 1976, which delegated authorities related to energy and 
conservation.  Among other things, this order defined the following roles of various Cabinet 
Departments with responsibility for Federal energy use: 
 
a.  The Administrator of GSA was designated to take on the functions assigned to the President 
by the Motor Vehicle Information and Cost Savings Act, as amended, directing that rules be 
established to require the Federal fleet to achieve an average fuel economy of at least that 
applicable to vehicle manufacturers. 
 
b.  The Administrator of the Federal Energy Administration (now the Secretary of Energy) was 
made responsible for coordination of a 10-year energy conservation plan for Federal buildings, 
energy conservation and rationing contingency plans, and preparation of annual reports to be 
submitted to Congress as required by the EPCA. 
 
c.  The Administrator of the Office of Federal Procurement Policy was required to provide policy 
guidance for application of energy conservation and efficiency standards in the Federal 
procurement process as mandated by the EPCA. 
 
C.3.3  EO 12003, “Relating to Energy Policy and Conservation,” 3 CFR (1977 Compilation).  
EO 12003, issued in 1977, amended EO 11912 and aggressively expanded the requirements of 
the Energy Policy and Conservation Act of 1975. For example, it specified a goal of a 20 percent 
reduction in energy use per square foot in existing Federal buildings and required the Federal 
automobile fleet to exceed the minimum statutory requirement by 4 miles per gallon beginning 
in fiscal year 1980.  As noted above, some of its provisions are also found in the NECPA.  Key 
provisions of EO 12003 include the following: 
 
a.  The Administrator of the Federal Energy Administration (now the Secretary of Energy) was 
directed to accomplish the following: 
 
(1)  Develop, implement and oversee a 10-year energy conservation plan for Federal buildings 
over 5,000 square feet for the 1975 to 1985 period which would achieve a 20 percent reduction 
in energy use in existing buildings and a 45 percent reduction in all new buildings. 
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(2)  Establish a life-cycle-cost methodology. 
 
(3)  Report to Congress annually on the progress of the plan. 
 
b.  The Administrator of GSA was directed to ensure the following: 
 
(1)  All passenger automobiles purchased by executive agencies exceed the manufacturers’ 
corporate average fuel economy standard under the Motor Vehicle Cost and Information Act. 
 
(2)  The Federal passenger automobile fleet exceeds minimum statutory requirements by 2 miles 
per gallon in fiscal year 1978, and by 4 miles per gallon beginning in 1980. 
 
(3)  The Federal light truck fleet also meets minimum standards, although not required under the 
Motor Vehicle Cost and Information Act. 
 
C.3.4  EO 12083, “Relating to Certain Functions Transferred to the Secretary of Energy by the 
Department of Energy Organization Act,” 3 CFR (1978 Compilation).  In 1978, EO 12083 
created an Energy Coordinating Committee composed of the Secretaries of the major Federal 
agencies. Its mission is to assure Federal coordination on energy-related matters, including both 
policy initiatives and resource allocation. In addition to the committee, an Executive Council 
was formed consisting of the Secretary of Energy, Chairman of the Council of Economic 
Advisors, Assistant to the President for Domestic Affairs and Policy to fulfill the functions of the 
committee during periods when the committee was not meeting. 
 
C.3.5  EO 12375, “Motor Vehicles,” 3 CFR (1982 Compilation).  EO 12375 of 1982 further 
amended EO 11912 to reduce the required Federal passenger automobile fleet efficiency 
established in EO 12003. Whereas EO 12003 required the Federal passenger fleet to exceed 
manufacturers’ average fleet efficiency by 4 miles per gallon, EO 12375 required only that the 
Federal fleet meet the manufacturers’ average efficiency and that light trucks meet standards set 
by the Secretary of Transportation.  This EO contrasted sharply with EO 12003, which was far 
more ambitious and went beyond some minimum requirements set by Congress. 
 
C.3.6  EO 12759, “Federal Energy Management,” 3 CFR (1991 Compilation).  On April 17, 
1991, EO 12759 was issued with provisions to accomplish the following: 
 
a.  Extend the FEMIA Federal building reduction goal to 2000, requiring BTU per gross square 
foot to be reduced 20 percent from 1985 levels. 
 
b.  Require agencies to prescribe policies for improving energy efficiency of industrial facilities 
by at least 20 percent in 2000 compared to 1985. 
 
c.  Minimize petroleum use. 
 
d.  Procure energy-efficient goods and products by Federal agencies based on life-cycle cost. 
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e.  Provide for Federal agency participation in DSM services offered by utilities. 
 
f.  Provide new Federal vehicle fuel efficiency requirements and outreach programs. 
 
g.  Promote procurement of alternative fuel vehicles for the Federal fleet. 
 
C.3.7  EO 12844, “Federal Use of Alternative Fueled Vehicles,” 3 CFR (1993 Compilation).  EO 
12844, issued on April 21, 1993, requires the Federal Government to acquire alternative-fuel 
vehicles. (AFVs) in numbers that exceed the EPACT requirements (i.e., FY93, 7,500 AFVs; 
FY94, 11,250 AFVs; FY95, 15,000 AFVs; FY96, 35 percent; FY97, 40 percent; FY98, 60 
percent; and FY99, 80 percent). 
 
C.3.8  EO 12845, “Requiring Agencies to Purchase Energy Efficient Computer Equipment,” 3 
CFR (1993 Compilation).  EO 12845, issued on April 21, 1993, establishes energy-efficient 
acquisition standards for computer equipment. Microcomputers, including personal computers, 
monitors, and printers, must meet the EPA ENERGY STAR® requirements for energy efficiency 
(i.e., a standby low power feature) so long as the additional costs of the equipment are offset by 
the potential energy savings. Exemptions to this requirement are permitted on a case-by-case 
basis (as approved by the Agency Head). Note: All exempted acquisitions must be reported 
annually to the General Services Administration. 
 
C.3.9  EO 12902, “Energy Efficiency and Water Conservation at Federal Facilities,” 3 CFR 
(1994 Compilation).  On March 8, 1994, EO 12902 was issued with provisions to accomplish the 
following: 

 
a.  Expand the Federal building reduction goal from the previous 20 percent of BTU per gross 
square foot by the year 2000 from 1985 levels to 30 percent by the year 2005. 
 
b.  Require agencies to develop and implement a program to increase energy efficiency in 
industrial buildings by at least 20 percent by the year 2005 as compared to the 1990 benchmark, 
to the extent these measures are cost-effective. Also, all cost-effective water conservation 
projects are to be implemented in these facilities. 
 
c.  Require agencies to conduct prioritization surveys for energy and water of all their facilities 
within 18 months of the date of this order. A prioritization survey was defined as a rapid 
assessment that will be used to identify those facilities with the highest priority projects based on 
the degree of cost-effectiveness and to schedule comprehensive facility audits prior to project 
implementation. 
 
d.  Require agencies to develop and begin implementing a 10-year plan to accomplish 
comprehensive facility audits based on the prioritization surveys. Approximately 10 percent of 
facilities are to be completed each year. 
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e.  Require agencies to develop and implement a plan to improve energy and water efficiency in 
exempt, i.e., mission variable, facilities. Also, the prioritization surveys are to provide a basis for 
agencies to refine their designation of facilities as exempt. 
 
C.3.10  EO 13031, “Federal Alternative Fueled Vehicle Leadership,” 3 CFR (1996 Compilation).  
EO 13031, issued on December 13, 1996, supersedes EO 12844 and reinstates the EPACT 
requirements for acquisition of alternative fueled vehicles by Federal agencies (i.e., 25 percent in 
FY 1996, 33 percent in FY 1997, 50 percent in FY 1998, and 75 percent in FY 1999 and 
thereafter). This requirement applies to general-purpose vehicles located in metropolitan 
statistical areas with populations of 250,000 or more.  The acquisition requirements apply to 
vehicles leased from GSA, acquired directly from auto manufacturers, commercial leases, or 
conversion of conventionally fueled vehicles. The Order also establishes reporting credits for 
zero-emission vehicles and medium- and heavy-duty dedicated alternative fueled vehicles. 
 
C.3.11  EO 13123, “Greening the Government Through Efficient Energy Management,” 3 CFR 
(1999 Compilation).  EO 13123, issued on June 3, 1999, supersedes EO 12902.  This EO builds 
on and incorporates many of the provisions of EO 12902, expanding its scope and strengthening 
its management and implementation mechanisms.  It increases the energy efficiency goal for 
buildings to a 35 percent reduction in energy consumption per gross square foot by 2010, 
compared to 1985.  The EO enlarges the number of facilities subject to energy reduction goals by 
establishing new goals for energy-intensive facilities and by making exemption criteria more 
stringent.  The EO also requires a 30 percent reduction in greenhouse gas emissions attributable 
to Federal facility operations by 2010, compared to 1990.  The Order also includes explicit 
statements to increase the use of renewable energy, reduce the use of petroleum, and conserve 
water. 
 
C.3.12  EO 13148, “Greening the Government Through Leadership in Environmental 
Management,” 3 CFR (2000 Compilation).  EO 13148, issued on April 21, 2000, supersedes 
several EO’s and the Executive Memorandum on Environmentally Beneficial Landscaping of 
April 26, 1994.  This EO requires Federal agencies to: 1) integrate environmental accountability 
into day-to-day decision-making and long-term planning processes across all agency missions, 
activities, and functions, 2) develop and implement environmental management systems and 
environmental compliance audit programs, 3) prevent or reduce pollution at its source, 4) reduce 
reported Toxic Release Inventory releases and offsite transfers of toxic chemicals for treatment 
and disposal by 40 percent by the end of 2006, 5) reduce the use of selected toxic chemicals, 
hazardous substances, or generation of pollutants by 50 percent by the end of 2006, 6) phase out 
the procurement of Class 1 ozone-depleting substances for all nonexempted uses by the end of 
2010, and 7) promote sustainable management of Federal facility lands through environmentally 
sound landscaping practices.   
 
C.3.13  EO 13149, “Greening the Government Through Federal Fleet and Transportation 
Efficiency,” 3 CFR (2000 Compilation).  EO 13149, issued on April 21, 2000, superseded EO 
13031.  This EO reiterates EPACT Section 303 requirements for acquisition of alternative fueled 
vehicles by Federal agencies (i.e., 75 percent of new vehicles acquisitions must be alternative 
fueled vehicles) and directs Federal agencies to take a leadership role in the reduction of 
vehicular petroleum consumption.  In particular, each agency operating 20 or more motor 
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vehicles within the United States, must develop and implement a strategy for reducing its entire 
vehicle fleet’s annual petroleum consumption by at least 20 percent by the end of FY 2005, 
compared with FY 1999 petroleum consumption levels, through increases in fleet efficiencies 
and the use of alternative fuels.  Agencies must ensure that alternative fueled vehicles are in 
operation and use alternative fuels a majority of the time.  Agencies must also increase the 
average EPA combined fuel economy of new conventional light-duty vehicle acquisitions by 1 
mpg by FY 2002 and 3 mpg by FY 2005, compared to FY 1999. 
 
C.3.14  Executive Memorandum on Cutting Greenhouse Gases through Energy Savings 
Performance Contracts.  This Executive Memorandum, dated July 25, 1998, directs all Federal 
agencies to: 1) maximize use of the Energy Saving Performance Contracting authority provided 
by EPACT; 2) propose ways to procure electricity produced using cost-effective renewable 
sources; 3) maximize efforts to earn ENERGY STAR® labels for facilities; and 4) use all 
available financing mechanisms to make Federal buildings more energy efficient and install 
renewable energy production systems, such as those called for in the Million Solar Roofs 
Initiative. 
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Appendix D:  Plan Of Action for Emergency Electricity Reduction at Federal Facilities  
 

General 
 
1. Establish/enhance communications with the local utility company.  Understand their needs for 
load reductions.  Work with the local utility to develop the individual facility plan.   
 
2. Identify load reduction measures appropriate for the facility.  Investigate separating loads into: 
(1) Life, health and safety driven; (2) Mission critical; and, (3) Noncritical.  If not separately 
switchable, investigate modifying systems to allow terminating or reducing noncritical loads. 
 
3. Establish a system to alert employees of expected high demand days including, but not limited 
to E-mail, voice mail, or public address announcement to all employees.  Communicate early to 
allow employees to take load reduction measures at home and to dress appropriately. 
 
4. Monitor total facility demand and demands for individual major loads (if separate metering is 
available).  Monitor weather forecasts to predict high demand days and be proactive in 
communicating with the local utility to assess need to reduce load. 
 
5. Initiate load reduction measures.  Employees can take steps to reduce lighting, personal 
computers and appliances electricity use.  While energy efficiency should be encouraged on a daily 
basis, stress the need for increased diligence to alleviate the emergency.  Heating and air-
conditioning operating changes and other system-wide measures should be accomplished by 
facilities management.  Federal facilities that have energy management and control systems are well 
suited for this task.  Facilities should also consider additional measures appropriate for site specific 
circumstances. 
 
6. Encourage employees to reduce electrical loads in their homes, to reduce demand on the utility 
system.  If no one is at home during the workday, unneeded appliances and lights should be turned 
off, and air-conditioning thermostats should be set higher before departing for the day.  Also, some 
utilities offer cost incentives to residential customers who allow the utility to remotely cycle off 
power to air-conditioning and electric water heating systems.  Periods without power are limited, so 
that comfort is not sacrificed.  Encourage employees to participate in these programs, to assist the 
local utility, while reducing their electricity bill. 
 
7. Enhance employee awareness of energy efficiency through training and less formal methods. 
Provide mandatory and voluntary training opportunities on smart energy practices so that 
employees can practice energy efficiency during emergency periods and year-round.  In addition to 
training, run public service announcements about energy efficiency on televisions in cafeterias and 
other public use areas; send periodic e-mail messages about turning off lights and computers and 
implementing other efficiency practices; post signs or billboards near light switches or communal 
printers; and consider holding annual energy fairs prior to seasonal emergency periods to provide 
additional information for employees about how to manage energy use in the work place and in 
their homes.   
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Lighting Measures 
 
1. Turn off fluorescent lights when leaving an area for more than 1 minute.  (During 
nonemergencies, 5 minutes is recommended, to keep from excessively reducing lamp life).  Turn 
off incandescent lights when leaving areas for any period of time. 
 
2. In areas with sufficient daylighting, turn off lights.  Adjust blinds, if available, to reduce glare. 
 
3. Use task lighting and turn off general lighting, where it is feasible to maintain sufficient lighting 
levels for safety and productivity. 
 
4. Turn off display and decorative lighting. 
 
5. Reduce parking lot and other exterior lighting consistent with safety and security requirements. 
 
 Personal Computers And Appliance Measures 
 
1. Turn off printers when not in use. 
 
2. Turn off monitors when not in use. 
 
3. Ensure ENERGY STAR® power down features are activated. 
 
4. If computers do not have ENERGY STAR® features available, turn them off when leaving the 
office for more than 30 minutes. 
 
5. Ensure personal appliances, such as coffee pots and radios are turned off. 
 
 Heating and Air-Conditioning Measures 
 
1. Reduce building operating schedules to limit operation of heating and cooling systems during 
noncore hours (e.g., nights and weekends). 
 
2. Widen “no conditioning” temperature bands for both heating and cooling. 
 
3. Precool building(s) below normal temperature settings prior to onset of peak demand period.  
Make sure to tell employees about this practice, so that they will not operate space heaters.  During 
peak demand period, allow space temperatures to drift back up to normal settings (or as much as 
5°F above normal settings). 
 
4. Allow casual attire, to make higher temperatures more acceptable. 
 
5. Where systems allow, lower chilled water temperatures several degrees below normal settings 
prior to peak periods, and allow to drift above normal settings during peak periods. 
 
6. Duty cycle air handling units off.  Ensure adequate outside air flow rates to maintain indoor air 
quality. 
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7. Ensure that ventilation grilles and fan coil units are not blocked by books, flowers, debris, or 
other obstructions.  This will improve air-conditioning system efficiency and improve comfort. 
 
 Other 
 
1. Operate emergency generators (many agencies have negotiated financial incentives from their 
local utility for operating generators).  Ensure that generators have ample fuel for emergency 
operation and have been tested routinely.  Turn off shore power to ships in dock and operate ship 
power systems.  Make mobile utility system electrical generating equipment available to the local 
utility. 
 
2. Shut off selected elevators and escalators.  Ensure accessibility needs are met. 
 
3. Where feasible, schedule high electrical energy use processes during off peak periods. 
 
4. Encourage employees to not use copiers during peak demand period.  Turn off selected copiers.  
Ensure power saver switch on copiers is enabled. 
 
5. Turn off unnecessary loads such as fountain pumps. 
 
 Long Term Solutions 
 
1. Consider purchasing interruptible power for selected loads with high electrical demand, and 
which will not suffer adverse consequences in the event of the utility turning off power.  The cost 
savings from the lower rate may far outweigh the inconvenience of power being turned off within 
the interruption limitations agreed to in the utility contract. 
 
2. Consider installing submetering to identify high intensity loads to be shed during emergencies. 
 
3. Investigate thermal storage systems or alternative energy sources for air-conditioning. 
 
4. Install motion sensors and separate lighting circuits to allow turning off unneeded lights.  (Some 
agencies have installed switching to separate public areas from agency work spaces). 
 
5. Install an EMCS to allow shedding and monitoring loads from one central location.  If 
noncritical loads are not separately switchable, modify systems to allow terminating.  Local utilities 
or ESCO’s can assist with this effort. 
 
6. Consider adding onsite generation using micro-turbines, fuel cells, combined heat and power, 
renewable, or other appropriate technology. 
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Appendix E:  Potential Energy Awareness Projects and Sources of Awareness Program 
Information  
 
E.1  Potential Awareness Projects 
 
E.1.1  Following is a compendium of ideas that were successful at Federal installations in the past. 
This list is not all encompassing.  The purpose of this list is to provide energy managers with 
proven ideas that work.  Each energy manager should develop an implementation strategy that best 
fits the needs of his/her own Center or Component Facility. 
 
a.  Organize Energy Awareness Month, or Energy Awareness Week, or Earth Day activities, to 
include the following: 
 
(1)  Solicit statements on energy use by the Center Director. 
 
(2)  Place articles in the Center newspaper or newsletter. 
 
(3)  Distribute energy awareness flyers and posters. 
 
(4)  Place energy awareness signs and posters around the installation. 
 
(5)  Ask local high school bands to perform during lunch breaks. 
 
(6)  Solicit a visit and an address by the local mayor or other notables. 
 
b.  Get the message out using all available media, to include the following: 
 
(1)  Write a regular column or article for the installation newspaper or newsletter. 
 
(2)  Distribute flyers containing practical energy-savings tips. 
 
(3)  Make promotional energy conservation packages for Center-wide dissemination. 
 
(4)  Install energy conservation bulletin boards and display changing messages. 
 
(5)  Establish an energy conservation information center in the installation library. 
 
c.  Sponsor classes and address meetings where appropriate, to include the following: 
 
(1)  Organize biannual energy awareness presentations to organizational entities. 
 
(2)  Choose opportunities to address influential or large groups on energy conservation issues. 
 
(3)  Conduct energy conservation seminars and periodic meetings for building managers. 
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(4)  Develop and present energy awareness and energy conservation training to all installation 
personnel, both Federal and contractor employees. 
 
d.  Issue energy usage reports, to include the following: 
 
(1)  Issue periodic reports on utility costs. 
 
(2)  Distribute energy cost charts to all echelons of the installation organization. 
 
e.  Conduct educational walk-through audits, to include the following: 
 
(1)  Conduct office walk-through audits to point out energy conservation opportunities to building 
occupants. 
 
(2)  Combine a random walk-through audit with a building energy monitor seminar. 
 
(3)  Perform “no-notice” inspections of energy awareness to evaluate user energy habits. 
 
f.  Enlist the help of others, to include the following: 
 
(1)  Establish an energy management team consisting of representatives from each organizational 
entity. 
 
(2)  Use brainstorming sessions to develop new energy conservation ideas and projects. 
Use the installation suggestion box to solicit energy conservation ideas. 
 
g.  Use rewards to encourage energy conservation, to include the following: 
 
(1)  Reward successful suggestion box ideas with coffee mugs, T-shirts, tote bags, and baseball 
caps. 
 
(2)  Hold an energy conservation trivia contest with prizes and an award. 
 
h.  Other energy awareness suggestions include the following: 
 
(1)  Develop checklists, and operating instructions for energy-using systems to ensure that savings. 
endure beyond a single individual’s tenure. 
 
(2)  Sponsor a tour of local utility power plants. 
 
(3)  Ideas for Successful Energy Awareness Programs 
 
(4)  Create an energy “mascot” for appearances at major community events. 
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i.  Awareness slogans.  Some suggestions for energy awareness slogans include the following: 
 
(1)  You Have the Power.  It means just what it says.  Each of us has the power to effect change in 
our lives.  For example, by just taking a few simple steps like turning off lights and computers, and 
recycling paper and aluminum cans, you can change the environment for the better and save energy 
costs. 
 
(2)  Turn off the juice when not in use!  This applies to everything that runs on electricity: air-
conditioning, appliances, computers, and lights, including fluorescent lights.  Do not believe the 
myth that you’ll wear out computers and fluorescent lights by turning them on and off. 
 
(3)  Use public transportation when you can.  Public transportation uses 1/30th the energy per 
person, alone in a car.  Even better: walk or ride your bike. 
 
(4)  Obey speed limits and drive smoothly.  A car gets 20 percent better gas mileage at 55 mph than 
at 70 mph.  Experts say you can increase gas mileage 5 percent by starting, speeding up, slowing 
down, and stopping smoothly.  Anticipate what’s ahead and ease into it.  You’ll be safer and save 
energy. 
 
(5)  Reuse things.  Use things as long as they’re useful.  Find new uses for old things.  Don’t rush to 
buy a new appliance if the old one can be repaired.  You’ll save money as well as energy. 
 
(6)  Support recycling.  Does your Center recycle waste paper?  Bottles?  Aluminum or steel cans?  
If so, support the program.  If not, talk with your installation environmental coordinator to start one. 
 
(7)  Support restrictions on smoking indoors.  Tobacco smoke raises energy costs for heating and 
cooling buildings, especially cooling, because ventilating and filtering air to remove smoke make 
air-conditioners work much harder, boosting energy consumption greatly.  What’s more, the extra 
energy does not guarantee that indoor air quality will be healthy or free of odor. 
 
(8)  Form a “green team.”  With guidance from your supervisor, join others in your organization 
that care about energy consumption.  Hold meetings, inspect for energy waste, make suggestions to 
management, get everybody involved, and keep energy awareness high. 
 
E.2  Information Sources for Energy Awareness 
 
E.2.1  The following are good sources of information for energy awareness ideas and materials: 
 
a.  Federal Agencies. 
 
(1)  U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
(703) 487-4600 
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(2)  U.S. Department of Commerce 
Superintendent of Documents 
Washington, DC 20230 
(202) 783-3238 
 
(3)  U.S. Department of Health and Human Services 
Energy Action Staff 
5600 Fishers Lane, Room IOA-41 
Rockville, MD 20857 
(301) 443-2403 
 
(4)  U.S. Department of Energy 
Energy Information Administration 
Forrestal Building, EI-231 
Washington, DC 20585 
(202) 586-8800 
 
(5)  U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 37830 
(615) 576-1188 
 
(6)  U.S. Department of Energy 
Federal Energy Management Program, EE-90 
1000 Independence Ave., SW 
Washington, DC 20585 
(202) 586-5772 
 
(7)  Office of the Secretary of Defense 
Energy Management Policy Office, ODUSD(ES) 
The Pentagon 
Washington, DC 20301-8000 
(703) 697-4589 
 
b.  Professional Associations. 
 
(1)  American Institute of Plant Engineers 
Executive Director 
8180 Corporate Park Drive, Suite 305 
Cincinnati, OH 45242 
(513) 489-2473 
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(2)  American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
1791 Tulle Circle, NE 
Atlanta, GA 30329 
(404) 636-8400 
 
(3)  Association of Energy Engineers 
Executive Director 
4025 Pleasantdale Road, Suite 420 
Atlanta, GA 30340 
(404) 447-5083 
 
(4)  Illuminating Engineering Society 
345 E. 47th Street 
New York, NY 10017 
(212) 705-7926 
 
c.  Public Interest Groups. 
 
(1)  Alliance to Save Energy 
1725 K Street, NW, Suite 509 
Washington, DC 20006 
(202) 857-0666 
 
(2)  Alternative Energy Resources Organization 
25 South Ewing, Suite 214 
Helena, MT 59601 
(406) 443-7272 
 
(3)  Americans for Energy Independence 
1629 K Street, NW, Suite 1201 
Washington, DC 20006 
(202) 466-2105 
 
(4)  Citizen Action 
1120 19th Street, NW, 6th Floor 
Washington, DC 20036 
(202) 775-1580 
 
(5)  Citizens Unified for Responsible Energy/Energy & Self-Reliance Center 
3500 Kingman Blvd. 
Des Moines, IA 50311 
(515) 277-0253 
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(6)  Consumer Energy Council of America 
2000 L Street, NW, Suite 802 
Washington, DC 20036 
(202) 659-0404 
 
(7)  League of Conservation Voters 
1701 L Street, NW, Suite 550 
Washington, DC 20036 
(202) 785-8683 
 
(8)  Solar Energy Institute of North America 
1110 6th Street, NW 
Washington, DC 20001-3629 
(202) 289-4411 
 
(9)  Greening America 
122 C Street, NW, 4th Floor 
Washington, DC 20001 
(202) 383-2539 
 
d.  Trade Associations. 
 
(1)  The Illuminating Company 
Energy Conservation 
Room 835, P.O. Box 5000 
Cleveland, OH 44101 
(216) 622-9800 
 
(2)  American Gas Association 
Public Relations 
1515 Wilson Boulevard 
Arlington, VA 22209 
(703) 841-8667 
 
(3)  American Hospital Association 
840 North Lake Shore Drive 
Chicago, IL 60611 
(312) 280-6000 
 
(4)  American Petroleum Institute 
1220 L Street, NW, Suite 900 
Washington, DC 20005 
(202) 682-8000 
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(5)  Edison Electronic Institute 
701 Pennsylvania Avenue, NW 
Washington, DC 20004 
(202) 508-5000 
 
(6)  Industrial Heating Equipment Association 
1901 N. Moore Street 
Arlington, VA 22209 
(703) 525-2513 
 
(7)  National Electrical Manufacturers Association 
Executive Director 
2101 L Street, NW 
Washington, DC 20037 
(202) 457-8400 
 
e.  State Energy Offices (limited to States in which there is a NASA presence). 
 
(1)  Alabama Public Service Commission 
Director, Energy Division 
P.O. Box 991 
Montgomery, AL 36130 
(205) 242-5868 
 
(2)  California Energy Commission 
Chairman 
1516 Ninth Street 
Sacramento, CA 95814 
(916) 654-5204 
 
(3)  Energy Office 
Director 
613 D Street, NW, Room 500 
Washington, DC 20001 
(202) 727-1800 
 
(4)  State Energy Office 
Director 
108 Collins Building 
Tallahassee, FL 32304 
(904) 488-6764 
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(5)  Department of Business, Economic Development and Tourism 
Director, Energy Division 
P.O. Box 2359 
Honolulu, HI 96804 
(808) 587-3810 
 
(6)  Louisiana Energy Division 
Director, Department of Natural Resources 
P.O. Box 44156 
Baton Rouge. LA 70804 
(504) 342-1399 
 
(7)  Maryland Energy Administration 
Director 
45 Calvert Street 
Annapolis, MD 21401 
(410) 974-2788 
 
(8)  Mississippi Department of Economic and Community Development 
Associate Director, Energy Division 
510 George Street 
340 Dixon Building 
Jackson, MS 39202 
(601) 359-6600 
 
(9)  Department of Energy, Minerals and Natural Resources 
Secretary 
2040 Pacheco Street 
Santa Fe, NM 87505 
(505) 827-5950 
 
(10)  Ohio Department of Development 
Chief, Office of Energy Efficiency 
77 S. High Street 
P.O. Box 1001 
Columbus, OH 43266-0101 
(614) 466-2000 
 
(11)  Governor’s Energy Office 
Director 
Sam Houston Building 
201 E. 14th Street 
Austin, TX 78701 
(512) 463-1931 
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(12)  State Corporation Commission 
Director, Energy Division 
1220 Bank Street 
Richmond, VA 23219 
(804) 786-3611 
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Appendix F:  Energy Audit Checklists 
 
F.1  General 
 
F.1.1  Energy audit checklists can be used by Center and Component Facility energy managers to 
inspect and identify the energy efficiency, safety, and environmental soundness of lighting, 
steam systems, chilled and hot water systems, HVAC systems, and so forth.  Sample checklists 
are provided for the following systems/equipment: 
 
a.  Lighting. 
 
b.  Steam. 
 
c.  Chilled water. 
 
d.  Domestic hot water. 
 
e.  Building envelope. 
 
f.  Electric motor. 
 
g.  HVAC systems and controls. 
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Lighting Systems Checklist 

 
(Τ) 

 
1 

 
Measure foot candles at workplaces to ensure that illumination levels meet standards (Note: The 
Illuminating Engineering Society (IES) has recommended foot candle levels by type of workplace. 
Other lower lighting standards exist, including one promulgated by the U.S. Department of Energy.) 

 
 

 
2 

 
Ensure type of lighting (e.g., fluorescent, incandescent, mercury, sodium, and quartz) is the most 
appropriate for the application. Record type of lighting. 

 
 

 
3 

 
Reduce illumination level by removing lamp. Ensure that wattage of each lamp is appropriate. 
Evaluate whether there are too many unnecessary lamps. Record. 

 
 

 
4 

 
Increase the efficiency of existing lighting by periodic cleaning of light fixtures (lenses) or adding 
reflectors. Record last data cleaned: __/__/__. 

 
 

 
5 

 
Determine areas with special lighting requirements. Evaluate whether current lighting arrangements 
are adequate. 

 
 

 
6 

 
Turn off lights when not needed. Check for lights which are not left on when they are not needed. 
Investigate the feasibility of installing automatic sensors to control lighting in these areas. 

 
 

 
7 

 
Reduce the lighting systems’ hours of operation. 

 
 

 
8 

 
Evaluate whether work stations are organized and located to take maximum advantage of existing 
lighting. 

 
 

 
9 

 
To minimize glare and ceiling reflections, the light source should be to one side of the work task area 
rather than directly in front of, or over it. 

 
 

 
10 

 
Evaluate whether the maintenance of lighting systems has been effective. 

 
 

 
11 

 
Identify large work areas that are uniformly lit for the entire space. Investigate whether “spot” lighting 
can replace unnecessary lighting of an entire work area. 

 
 

 
12 

 
When lamp removal is appropriate, first remove lamps over nonessential task areas. 

 
 

 
13 

 
Consider removing the inner two lamps in four-lamps florescent fixtures and/or in every other 
luminary in the row. 

 
 

 
14 

 
Disconnect the ballast on fluorescent and high-intensity discharge (HID) fixtures after lamp removal. 

 
 

 
15 

 
Remove lamps directly affecting that task areas as necessary. 

 
 

 
16 

 
Find areas where more efficient lighting components can replace inefficient original lighting system 
designs or fixtures. 

 
 

 
17 

 
Color code lighting fixtures from which lamps have been removed so that maintenance crews do not 
replace those removed lamps. 

 
 

 
18 

 
Check, and as appropriate disconnect, light switches where the associated fixtures are not needed. 

 
 

 
19 

 
Check, and if needed install, switches for selective control of illumination where (1) spaces require 
different lighting levels for different activities, or (2) daylight can be used to supplement or replace 
electric lighting. 

 
 

 
20 

 
Check, and if needed install, timer switches or electronic personnel sensor switches in areas used 
infrequently or for only a few minutes at a time. 

 
 

 
21 

 
Check, and if needed install, photoelectric cells for turning outside lighting on and off. 

 
 

 
22 

 
Make maximum use of daylight. Encourage workers to use natural lighting by using windows and 
skylights. Using daylight helps lessen heat requirements. Natural sunlight could cross perpendicular to 
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the line of vision. 
 
23 

 
Group many light replacement projects together. 

 
 

 
24 

 
Consider lowering light fixtures so that they are closer to task work areas in high bay areas and other 
spaces. Lighting intensity at the task varies as the inverse square of the distance between source and 
task. 

 
 

 
25 

 
Remove lenses from luminaires in corridors, storage areas, high ceiling spaces, equipment rooms, and 
other spaces if the resulting glare will not be a problem. Lenses cut out light, removing them may 
allow you to use fewer lamps. 

 
 

 
26 

 
Remove or lower room wall partitions where they are not needed, or use low partitions with glass. 

 
 

 
27 

 
Relocate or remove light fixtures when the light is blocked by over-stacked materials or other 
obstructions. 

 
 

 
28 

 
Where possible, replace two small wattage incandescent lamps with one large incandescent lamp (of 
lower total wattage). For example, replace two 60-watt lamps with one 100-watt lamp. 

 
 

 
29 

 
Evaluate the use of several types of reflective incandescent lamps to receive the light needed, but using 
fewer watts (depending upon type and application). For example, in recessed “tophat” fixtures, 
elliptical reflector (ER) bulbs or screw-in fluorescent lamps usually can be used at a lower wattage 
than regular flood lights, yet they provide equal amounts of usable light. 

 
 

 
30 

 
Check and, if appropriate and practical, convert incandescent fixtures to fluorescent (by changing 
fixtures or replacing lamps) or to HID (by addition of a ballast plus the lamp). Mercury vapor fixtures 
often can be converted directly to high-pressure sodium (HPS) or to metal halides. (Note: Payback for 
lamp conversion will vary depending on wattage reductions, electricity rate structures, and the number 
of hours electric lighting is used in a particular location.) 

 
 

 
31 

 
Replace existing fixtures with more efficient types.  Check, and if possible, replace existing lamps and 
ballasts with T-8 lamps and electronic ballasts. 

 
 

 
32 

 
When replacing ballasts in fluorescent fixtures, use 430-milliamper (mA), high-power-factor, low-
wattage ballasts with appropriate lamps. (Note: Reduced wattage electronic ballasts are also available 
that use less electricity, last longer, and operate at lower temperatures than standard types.) 
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Steam System Checklist 
 

(Τ) 
 
1 

 
Learn how the central steam system actually operates. Get O&M manuals and review them. 

 
 

 
2 

 
Check for excessive consumption of boiler makeup water, which indicates steam leaks or bad traps. 

 
 

 
3 

 
Check whether condensate return systems are functional. Condensate return should be at least 85 
percent. 

 
 

 
4 

 
Check for steam leaks and condensate leaks. 

 
 

 
5 

 
Check all traps and tag bad steam traps. 

 
 

 
6 

 
Check for uninsulated steam and condensate lines and tanks. 

 
 

 
7 

 
Determine what steam is used for and if a cheaper substitute (e.g., natural gas) is available. 

 
 

 
8 

 
Understand boiler/burner controls. Record settings. 

 
 

 
9 

 
Perform a “flue gas” analysis to determine boiler combustion efficiency and whether a tune-up is 
required. If the boilers are already tuned, have less than three passes, and the flue gas temperature is 
above 400ΕF, consider installing turbulators in firetube boilers.  

 
 

 
10 

 
Record boiler capacity and operating pressure. 

 
 

 
11 

 
Determine steam requirements to see if boilers can be staged or if one or more boilers can be fully 
loaded while shutting down another. 

 
 

 
12 

 
Determine if blowdown systems can recover the energy lost from hot boiler water and steam 
generation during blowdown. (Note: By piping the vent off a blowdown unit�s recovery unit to the 
deaerator, steam normally lost to the atmosphere can be recovered. By installing heat recovery coils in 
the heat recovery unit, heat from boiler blowdown to the drain can be recovered and used to preheat 
boiler makeup water, combustion air, and domestic hot water.) 

 
 

 
13 

 
Study water treatment and analyze boiler/makeup water. 

 
 

 
14 

 
Consider installation of stack heat recovery units such as economizers if stack gas temperatures are 
high. Economizers should only be considered if all other recommendations have failed to reduce stack 
gas temperatures below 420ΕF for low load (200 to 600 horsepower) boilers. 
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Chilled Water System Checklist 
 

(Τ) 
 
1 

 
Understand chilled water systems and determine the capacity of auxiliary equipment. 

 
 

 
2 

 
Check for chilled water leaks. 

 
 

 
3 

 
Determine the proper chilled water operating temperature. 

 
 

 
4 

 
Raise the chilled water temperature. (Note: The temperature of leaving chilled water in centrifugal 
chillers is ususally maintained at 42ΕF to 45ΕF by a chilled water thermostat. This may be lower than 
required to meet the cooling demand of the building air handling systems, particularly in moderate 
weather. Chilled water supply temperatures of 50ΕF or higher can be used if humidity control and 
other comfort requirements are satisfied.) 

 
 

 
5 

 
Consider manually raising set point of the chilled water thermostat to the highest possible temperature 
while still satisfying humidity control and other comfort requirements. Install controls which reset the 
chilled water supply temperature based on the return chilled water temperature. (Note: This allows the 
supply chilled water temperature to rise as the return chilled water temperature drops. The chiller 
follows the actual building load more efficiently, rather than supplying chilled water according to 
design conditions.) 

 
 

 
6 

 
Install controls that reset the chilled water supply temperature according to the cooling coil with the 
highest cooling demand. In this manner the chiller delivers only as much cooling as is actually 
required. 

 
 

 
7 

 
Determine condenser water temperature. Lower the entering condenser water temperature as much as 
possible. 

 
 

 
8 

 
Determine the condition of the cooling towers on installations with a cooling tower bypass valve. 
Ensure that the bypass valve closes completely before the cooling tower fans operate. If chilled water 
is not needed during the winter, close the tower bypass valve permanently. 

 
 

 
9 

 
Determine the condition of forced draft cooling towers. If chilled water is not needed in the winter, 
make sure the fan discharge dampers are kept completely open or remove them, if possible. 

 
 

 
10 

 
Determine the condition of induced draft towers. Replace sections of fill that are damaged or 
deteriorated. 

 
 

 
11 

 
Check whether hot gas bypasses are operating properly. Sometimes bypasses are not needed and can 
be discarded. 

 
 

 
12 

 
Check controls to ensure that they are calibrated and functional. 

 
 

 
13 

 
Determine whether heat-transfer surfaces on the evaporator and condenser coils are clean. 

 
 

 
14 

 
Determine whether the refrigerant level is too low. 

 
 

 
15 

 
Investigate whether units can be shut off when not needed. 

 
 

 
16 

 
Determine whether lights in walk-in coolers and freezers can be shut off automatically upon exit. 

 
 

 
17 

 
Check whether time clocks are installed on window air-conditioners. Verify that the most efficient 
EER units are used. 

 
 

 
18 

 
Check for ways to control solar gain to reduce the cooling load on buildings. 

 
 

 
19 

 
Investigate whether computer center cooling demands are the basis for setting the entire facility chilled 
water temperature. Consider using separate cooling units for computer rooms. 
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Domestic Hot Water System Checklist 
 

(Τ) 
 
1 

 
Measure and compare existing water temperature versus required temperature (e.g., 105ΕF from 
faucets). Lower the water temperature when appropriate. 

 
 

 
2 

 
Measure the flow rate from showers and sinks. Consider using water flow restrictors. 

 
 

 
3 

 
Determine the method of hot water generation. Investigate the feasibility of installing decentralized 
water heating. 

 
 

 
4 

 
Inspect circulating pump controls. Consider using variable speed pumps. 

 
 

 
5 

 
Inspect hot water system for any leaks. Repair them if required. 

 
 

 
6 

 
Inspect insulation on hot water pipes. Reinsulate if required. 

 
 

 
7 

 
Check for any waste heat that can be used for water heating. 

 
 

 
 

Building Envelope Checklist 
 

(Τ) 
 
1 

 
Verify that outside wall insulation is adequate. 

 
 

 
2 

 
Verify that ceiling/roof insulation is adequate. About 40 percent of energy loss can occur through poor 
ceiling insulation. 

 
 

 
3 

 
Check the type of windows used. Determine the feasibility of replacing single pane windows with 
double glazed windows. 

 
 

 
4 

 
Identify areas with infiltration or wind draft problems. Seal leaking areas if possible. 

 
 

 
5 

 
Determine if any passive measures can be taken to reduce solar loading on buildings. The use of 
passive measures depends on the orientation of the building and its surrounding shrubs and trees. 

 
 

 
6 

 
Check the type and number of doors on the building. Ensure that these doors are appropriate for their 
intended purpose. Consider installing revolving doors for high traffic areas. 

 
 

 
7 

 
Check for ways to minimize heat loss (or heat gain) from loading dock doors or hangar doors. 

 
 

 
 

 
Electric Motor Checklist 

 
(Τ) 

 
1 

 
Check whether motors are properly sized for their loads. Load motors fully where possible. Replace or 
switch motors as necessary. A 50 percent reduction in motor size results in an over 80 percent energy 
use reduction. 

 
 

 
2 

 
Ensure that the highest practical power factor is used for electric motors. 

 
 

 
3 

 
Consider shutting down elevators during unoccupied hours in buildings. 
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HVAC Systems and Controls Checklist 
 

(Τ) 
 
1 

 
Study blueprints to determine the type of HVAC system being used. 

 
 

 
2 

 
Determine the operations areas being served by all fans (i.e., supply, return, exhaust). 

 
 

 
3 

 
Study control drawings and develop a design control strategy. 

 
 

 
4 

 
Perform at least one inspection of all mechanical equipment. 

 
 

 
5 

 
Sketch each air handling unit (as you see it) showing the exact location of their sensors, fans, filters, 
coils, and dampers. 

 
 

 
6 

 
Determine if the controls are installed as shown on the original manufacturer’s drawings. 

 
 

 
7 

 
Determine if the controls are functioning correctly. 

 
 

 
8 

 
Determine the percentage of outside air being used. 

 
 

 
9 

 
Determine the actual supply cubic feet per minute (cfm). 

 
 

 
10 

 
Determine if there are capacity reduction possibilities.  Determine if there are adjustable sheaves. 

 
 

 
11 

 
Determine the actual amount of power drawn by each fan system. 

 
 

 
12 

 
Determine if modifications to controls are possible to conserve energy. 

 
 

 
13 

 
Check whether HVAC systems are operating when the spaces they serve are not being used. (Note: 
Often large capacity HVAC equipment is kept running to serve a relatively small area requiring 
continuous conditioning. In these cases, separate smaller HVAC units may be more efficient.) 

 
 

 
14 

 
Check for HVAC systems that draw in excessive outside air or recirculate more air than necessary. 
Readjust the air mix if required. 

 
 

 
15 

 
Check whether the central heating and cooling plants are partially loaded most of the time because they 
were originally sized according to maximum-use design conditions that seldom occur. Large boilers 
and chillers operate at their peak efficiency only at full load. Consider installing smaller boilers or 
variable speed drive motors for chillers. 

 
 

 
16 

 
Identify any HVAC systems that simultaneously heat and cool the same air to produce a desired 
temperature, since that method of operation wastes energy. 

 
 

 
17 

 
Reduce peak electricity demands by installing load limiters to turn off nonessential loads upon 
reaching a preset demand level. Load shedding reduces the demand charge assessed by utility 
companies. 

 
 

 
18 

 
Consider installing temperature controls that allow the HVAC system to use fresh air for ventilation. 
(Note: These controls monitor the outdoor air temperature and signal the HVAC system to use outdoor 
air depending on whether outside air temperature is cooler or warmer than indoor air.) 

 
 

 
19 

 
Shut down air handling units or exhaust fans during unoccupied periods. 

 
 

 
20 

 
Minimize outdoor air intake during building-occupied periods to eliminate the unnecessary heating and 
cooling of outside air. (Note: Outside air brought into, and exhausted from, a facility uses a majority of 
the heating, and a significant portion of the cooling, energy consumed by HVAC systems.) 

 
 

 
21 

 
Determine the minimum number of outside air changes required per hour for each space served by an 
air handler. 

 
 

 
22 

 
Reduce the cfm moved by exhaust fans by restricting flow or changing sheaves. Adjust the minimum 
position of outdoor air dampers on air handling units to meet minimum requirements. 
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23 Install time clocks to shut down unnecessary exhaust fans and to close ventilation air dampers during 
unoccupied hours. 

 

 
24 

 
Determine the present cfm being delivered by the air handling units and reduce as appropriate. (Note: 
Many fans circulate more air than necessary to satisfy space requirements. Reducing air flow 
dramatically reduces the brake horsepower (bhp) used by the fan motor. 

 
 

 
25 

 
Determine the volume of each area served by the air handling units and the cfm delivered to those 
areas. Using this information, determine the total cfm required from the air handling units and size fan 
motors accordingly. 

 
 

 
26 

 
Consider installing a mixed air-conditioner. Most air handling units are designed to maintain a constant 
mixed air temperature of 55ΕF. When outdoor air has a higher heat content than return air, the 
economizer should change over to minimum outside air and maximum return air. The general practice 
is to approximate heat content by changing over when the outside air temperature reaches 70ΕF. 

 
 

 
27 

 
Check for any stratification of outside and return air occurring in ducts or mixing plenums. 

 
 

 
28 

 
Check controls on the economizer. Find out whether the controls are based on dry-bulb temperature or 
on enthalpy. (Note: At low outside temperatures, the economizer should admit only the minimum 
amount of outside air required. This is often not the case with parallel-blade dampers. During cool 
weather, the economizer should mix outside and return air to supply air at a temperature no lower than 
needed to cool the area with the greatest cooling demand.) 

 
 

 
29 

 
Consider installing a set of relief dampers or a gravity ventilator to vent return air to the outdoors for 
fixed air handlers.  

 
 

 
30 

 
Check humidity sensors for damage and for sensors out of calibration. (Note: In most AHUs, 
humidification is accomplished by spraying steam into the supply air stream. AHUs are usually 
controlled by maintaining the desired relative humidity (RH) of supply air, by resetting supply air RH 
(by return air RH), or by maintaining the desired RH in one area. 

 
 

 
31 

 
Find out whether humidification is required when the AHU is set in a mode other than “cooling only.” 

 
 

 
32 

 
Check the steam control valve on the humidifier. If the valve fails to close completely, it may leak 
steam through the humidifier into the air stream. 

 
 

 
33 

 
Ensure that load optimization with reheat systems occurs by leaving at least one reheat coil off (which 
minimizes the amount of reheat in other areas). (Note: Most central HVAC systems are designed to 
provide sufficient cooling and/or heating to satisfy the worst condition in any one area. By supplying 
an air temperature that satisfies the area with the greatest energy demand, energy wasted is reduced to 
an absolute minimum.) 

 
 

 
34 

 
Consider installing nonelectric thermostatic steam valves with wall-mounted thermostats. Sometimes it 
is practical to control all radiators in an area with an automatic valve on the steam supply line. 

 
 

 
35 

 
Minimize electrical reheat by adjusting thermostats and reheat set points and balancing the air system. 
(Note: Much of the required heat output is then shifted from the electric reheats to the steam and hot 
water heating coils located at the air handling units. During the summer, power can be shut off to all 
electric reheats within a selected AHU area. 

 
 

 
 
 



  

G-1 

Appendix G:  Information to Gather During Energy Audit Site Visit 
 
G.1  Overall Facility Information 
 
G.1.1  Gather the following overall facility information: 
 
a.  Floor area of total building (sq.ft.) and different functional area (e.g., office space, laboratory, 
and warehouse). 
 
b.  Volume of total building (cu.ft.) and different functional parts. 
 
c.  Age of building (date of construction, remodels, additions and descriptions of changes). 
 
d.  Blueprints of architectural, mechanical, and electrical systems. 
 
e.  Lighting types, amount, and operating schedule (interior and exterior). 
 
f.  Insulation levels (type, amount, and location). 
 
g.  Building operating hours (seasonal, weekly, and holiday changes). 
 
h.  Occupancy (seasonal, daily, and weekly changes). 
 
i.  Any planned changes to the building. 
 
G.2  Major Energy Using Systems/Equipment Information 
 
G.2.1  Gather the following major energy using systems/equipment information: 
 
a.  Nameplate data: such as type, size, design, specifications, and age. 
 
b.  Condition of equipment and distribution system. 
 
c.  Fuel used for heating, cooling, and service hot water systems. 
 
d.  Operating hours and schedules. 
 
e.  Control schemes of equipment used. 
 
G.3  Types of Systems/Equipment Inspected 
 
G.3.1  Inspect the following types of systems/equipment: 
 
a.  HVAC distribution systems. 
 
b.  Heating systems (boiler, furnace, and heat pump). 
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c.  Cooling systems (e.g., chiller, cooling tower, and direct expansion (DX) units). 
 
d.  Service hot water systems. 
 
e.  Freezer/refrigeration compressors. 
 
f.  Auxiliary equipment (e.g., pumps and fans). 
 
g.  Heat recovery equipment (e.g., heat pipes, run-around loop, and heat wheel). 
 
h.  Other systems (e.g., food service, laundry, computers, and transformers). 
 
G.4  Energy Billing Data 
 
G.4.1  Gather energy billing data to include the following: 
 
a.  For all types of energy used (e.g., electricity, natural gas, oil, and steam). 
 
b.  For as many years as possible. 
 
c.  In as much detail as possible. 
 
d.  Per unit cost (including any changes in cost per season or time-of-day). 
 
e.  Demand charges and ratchet clauses information. 
 
f.  Name and address of the supplier. 
 
g.  Current rate schedules/riders. 
 
h.  Planned rate charges and future forecasts. 
 
G.5  Building Envelope/Shell 
 
G.5.1  Gather the following building envelope/shell information: 
 
a.  Building configuration (i.e., high exterior wall area to floor area). 
 
b.  Floor area. 
 
c.  Number of zones and zone identification.
 
d.  Area by zone. 
 
e.  Types of activity performed by occupants (sensible and latent heat gain analysis). 
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f.  Exterior walls (materials of construction and their reflectivity). 
 
g.  Roof/floor construction. 
 
h.  Glass to exterior wall ratio. 
 
i.  Windows (type, area, and weatherstripping). 
 
j.  Interior/exterior shading and overhangs. 
 
k.  Doors (type, area, and weatherstripping). 
 
l.  Underground walls. 
 
m.  Miscellaneous conduction (e.g., freezer walls). 
 
n.  Insulation (type, location, and area). 
 
o.  Infiltration/exfiltration. 
 
p.  Building envelope condition. 
 
G.6  Space Conditions 
 
G.6.1  Gather the following information on space conditions: 
 
a.  Office area temperatures and relative humidity (summer, winter, unoccupied and occupied). 
 
b.  Computer room temperatures and relative humidity (summer, winter, unoccupied, and 
occupied). 
 
c.  Storage area temperatures and relative humidity (summer, winter, unoccupied, and occupied). 
 
d.  Other areas temperatures and relative humidity (summer, winter, unoccupied, and occupied). 
 
G.7  Heating, Ventilation, and Air-Conditioning 
 
G.7.1  Gather the following heating, ventilation, and air-conditioning information: 
 
a.  System nameplate data. 
 
b.  Zone assignments to systems. 
 
c.  System specific information as required, such as deck temperatures, controls, outside air and 
damper control, humidification, preheat and reheat, fan power and flow rate, loop temperature, 
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and backup heating. 
 
d.  Unitary system information as required, such as design coefficient of performance (COP) for 
air-conditioners and heat pumps, efficiency and parasitic losses for furnaces, unloading ratios for 
DX cooling systems, rated capacity for area served. 
 
e.  Air handling systems, including: 
 
(1)  Type. 
 
(2)  Area or zone served. 
 
(3)  Square footage served. 
 
(4)  Supply and return fan HP. 
 
(5)  Total supply and outside air cfm. 
 
(6)  Schedule of operations (weekdays, Saturdays, Sundays, holidays). 
 
f.  Fans and other ventilation equipment, including: 
 
(1)  Location and type. 
 
(2)  Horsepower. 
 
(3)  Function. 
 
(4)  Unit or area served. 
 
(5)  Method of control. 
 
G.8  Lighting and Electrical Systems (Per Zone Basis) 
 
G.8.1  Gather the following lighting and electrical systems information (on a per zone basis): 
 
a.  Lighting levels (watts/sq.ft., footcandles). 
 
b.  Luminaire type and area served. 
 
c.  Watts/luminaires and quantity. 
 
d.  Type and size of lights (e.g., fluorescent, incandescent, and high-intensity discharge). 
 
e.  Control scheme for lights (switches, schedules). 
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f.  Motors (e.g., type, horsepower, and amperage). 
 
g.  Location and condition of transformers and switch boxes. 
 
h.  Power factor of building (if applicable). 
 
i.  Maintenance program (proactive or reactive). 
 
G.9  Central Plant Systems 
 
G.9.1  Gather the following specifications for primary energy using systems such as boilers, 
chillers, cooling towers, circulating pumps, and water heating systems: 
 
a.  Boiler specifications. 
 
(1)  Fuel usage and cost. 
 
(2)  Number of units. 
 
(3)  Capacity. 
 
(4)  Design efficiency. 
 
(5)  Controls. 
 
(6)  Minimum part-load ratio. 
 
(7)  Boiler pump hp and nameplate data. 
 
(8)  Standby/parasitic losses. 
 
b.  Cooling plant specifications. 
 
(1)  Fuel usage and cost. 
 
(2)  Number of units. 
 
(3)  Capacity. 
 
(4)  Design COPs. 
 
(5)  Controls. 
 
(6)  Unloading and part-load ratios. 
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(7)  Water temperatures and flow rates. 
 
(8)  Load management system specifications. 
 
(9)  Pump hp and nameplate data. 
 
c.  Cooling tower specifications. 
 
(1)  Heat rejection capacity. 
 
(2)  Number of cells. 
 
(3)  Fan kW per cell. 
 
(4)  Water temperatures and flow rates.  
 
(5)  Pump hp and nameplate data. 
 
(6)  Approach temperature. 
 
(7)  Controls. 
 
d.  Service water heating specifications. 
 
(1)  Fuel usage and cost. 
 
(2)  Heating capacity. 
 
(3)  Average usage. 
 
(4)  Inlet and supply temperatures. 
 
(5)  Circulation pump hp and scheduling.  
 
(6)  Design efficiency. 
 
(7)  Standby losses. 
 
e.  Maintenance program. 
 
(1)  Reactive maintenance program. 
 
(2)  Preventive maintenance program. 
 



  

G-7 

(3)  Reliability-centered maintenance program. 
 
G.10  Building Occupancy and Use 
 
G.10.1  Gather the following building occupancy and use information: 
 
a.  Number of occupants (weekdays, Saturdays, Sundays, and holidays).
 
b.  Period of occupancy (weekdays, Saturdays, Sundays, and holidays). 
 
c.  Custodial operations (weekdays, Saturdays, Sundays, and holidays). 
 
d.  Central computer operations (weekdays, Saturdays, Sundays, and holidays). 
 
G.11  Weather Data 
 
G.11.1   The auditor selects an available weather station that most closely corresponds to the 
location of the building being analyzed. Gather the following weather data: 
 
a.  Air temperature (average daily and monthly). 
 
b.  Relative humidity or humidity ratio. 
 
c.  Wind speed. 
 
d.  Wind direction. 
 
e.  Insolation or cloud cover. 
 
f.  Average heating and cooling degree days (if average temperatures are not available). 
 
G.12  Metering Equipment 
 
G.12.1  Gather the following metering equipment information: 
 
a.  Meter serial number. 
 
b.  Usage. 
 
c.  Date last calibrated. 
 
G.13  Indoor Air Quality 
 
G.13.1  If required, gather information on indoor air quality.  This involves inspecting and/or 
investigating the following: 
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a.  HVAC operating and maintenance schedules. 
 
b.  Usage and storage of chemicals. 
 
c.  Odors, unsanitary conditions, visible biological growth, poorly maintained filters, presence of 
hazardous substances, unusual noises, inadequate maintenance, signs of occupant discomfort or 
overcrowding, and blocked airflows. 
 
d.  HVAC system condition and operation. 
 
e.  Inventory of pollutant sources and pathways. 
 
f.  Collection of information on building occupancy.
 
g.  Layout of air supplies, returns, and exhausts to promote efficient air distribution to all 
occupants. 
 
h.  Air movement. 
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Appendix H:  Federal Life-Cycle Costing Procedures and Supporting Software 
 
H.1  Federal agencies are required to evaluate energy-related investments on the basis of 
minimum life-cycle costs (10 CFR Part 436).  A life-cycle cost evaluation computes the total 
long-run costs of a number of potential actions, and selects the action that minimizes the long-
run costs.  When considering retrofits, sticking with the existing equipment is one potential 
action, often called the baseline condition.  The life-cycle cost (LCC) of a potential investment is 
the present value of all of the costs associated with the investment overtime. 
 
H.2  The first step in calculating the LCC is the identification of the costs.  Installed Cost 
includes cost of materials purchased and the labor required to install them (for example, the price 
of an energy-efficient lighting fixture, plus cost of labor to install it).  Energy Cost includes 
annual expenditures on energy to operate equipment.  (For example, a lighting fixture that draws 
100 watts and operates 2,000 hours annually requires 200,000 watt-hours (200 kWh) annually.  
At an electricity price of $0.10 per kWh, this fixture has an annual energy cost of $20.)  Nonfuel 
O&M includes annual expenditures on parts and activities required to operate equipment (for 
example, replacing burned out light bulbs).  Replacement Costs include expenditures to replace 
equipment upon failure (for example, replacing an oil furnace when it is no longer usable). 
 
H.3  Because LCC includes the cost of money, periodic and a periodic maintenance (O&M) and 
equipment replacement costs, energy escalation rates, and salvage value, it is usually expressed 
as a present value, which is evaluated by 
 

LCC = PV(IC) + PV(EC) + PV(OM) + PV(REP) 
 

where PV(x) denotes “present value of cost steam x,” 
IC is the installed cost, 
EC is the annual energy cost, 
OM is the annual nonenergy O&M cost, and 
REP is the future replacement cost. 

 
H.4  Net present value (NPV) is the difference between the LCCs of two investment alternatives, 
e.g., the LCC of an energy-saving or energy cost-reducing alternative and the LCC of the 
existing, or baseline, equipment. If the alternative’s LCC is less than the baseline’s LCC, the 
alternative is said to have a positive NPV, i.e., it is cost-effective. NPV is thus given by 
 

NPV = PV(EC0) - PV(EC1)) + PV(OM0) - PV(OM1)) + PV(REP0) - PV(REP1)) – PV(IC) 
 
or 

 
NPV = PV(ECS) + PV(OMS) + PV(REPS) - PV(IC) 

 
where  subscript 0 denotes the existing or baseline condition, 

subscript 1 denotes the energy cost saving measure, 
IC is the installation cost of the alternative (note that the IC of the baseline is 
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assumed zero), 
ECS is the annual energy cost savings, 
OMS is the annual nonenergy O&M savings, and 
REPS is the future replacement savings. 

 
H.5  Levelized energy cost (LEC) is the breakeven energy price (blended) at which a 
conservation, efficiency, renewable, or fuel-switching measure becomes cost-effective (NPV>= 
0). Thus, a project’s LEC is given by 
 

LEC = (PV(OMS) + PV(REPS) - PV(IC))/EUS 
 

where EUS is the annual energy use savings (energy units/yr). Savings-to-investment 
ratio (SIR) is the total (PV) savings of a measure divided by its installation cost: 

 
SIR = (PV(ECS) + PV(OMS) + PV(REPS))/PV(IC). 

 
H.6  Some of the tedious effort of life-cycle cost calculations can be avoided by using the 
Building Life-Cycle Cost software, BLCC, developed by NIST. For copies of BLCC, call the 
FEMP Help Desk at (800) 566-2877. 
 
H.7  Centers can obtain the ECONPACK for Windows software from a CD-ROM program 
distributed through the National Institute of Building Sciences (NIBS), Construction Criteria 
Base (CCB), and available through the Center’s NASA SPECSINTACT construction 
specifications manager. The software can be used for 30 days if arrangements are made to 
“unlock” the software by contacting the developer at the following address: 
 
 U.S. Army Corps of Engineers 
 Engineering and Support Center, Huntsville (ECONPACK) 
 P.O. Box 1600 
 Huntsville, AL  35807-4301 
 Telephone No.: (256) 895-1838 
 
Centers can also obtain additional information on the ECONPACK Program and download the 
latest version of the software from the U.S. Army Corps of Engineers Military Program (CEMP) 
Web site at: 
http://www.hq.usace.army.mil/cemp/e/ec/econ/econ.htm 
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Appendix I:  O&M Checklists for No- and Low-Cost Energy Savings Opportunities 
 
I.1  General 
 
I.1.1  NPD 8831.1B, “Management of Facilities Maintenance,” establishes NASA policy for 
facilities maintenance.  NPG 8831.X, “NASA Facilities Maintenance Management,” contains 
detailed procedures and guidelines for managing a facilities maintenance program.  The O&M 
checklists contained in this appendix identify specific actions that may be employed to improve 
the energy efficiency of facilities systems and equipment.  These checklists are intended to 
identify conservation opportunities that should be considered in the course of facilities O&M.  
They are not intended to supersede the aforementioned NASA facilities maintenance policy, 
procedures and guidelines. 
 
I.2  Ventilation 
 
I.2.1  The following are no- and low-cost energy savings opportunities related to ventilation: 
 
a.  Reduce outdoor air to the minimum required balancing the exhaust requirements and 
maintaining a slight positive pressure to retard infiltration-caused heat losses and heat gains. 
 
b.  Inspect all outdoor air dampers.  They should be as airtight as possible when closed.  Check 
operation of position indicators for accuracy.  Install, repair, or replace position indicators as 
needed.  
 
c.  Reduce or eliminate the need for using outdoor air for odor control by installing chemical or 
activated charcoal odor-absorbing devices. 
 
d.  Inspect filters carefully.  If necessary, create a filter replacement schedule. Utilize high-
efficiency, low cost filters. 
 
e.  Reduce exhaust air quantities as practical. 
 
f.  Close outdoor air dampers during the first and last hour of occupancy when the air must be 
heated or cooled, except when outdoor air can be used to reduce cooling loads. 
 
g.  Establish a ventilation operation schedule so exhaust system operates only when it is needed 
most.  
 
h.  Add a warm-up cycle to air handling units with outdoor air intake.  Keep outdoor air dampers 
closed during morning building warm-up or cool-down so only air already in the building is 
conditioned.  Cycle can be incorporated using a two-circuit time clock to control air damper and 
fan operation. 
 
i.  Use exhaust hoods in food preparation and laboratory areas only while operations are 
underway.  Add control dampers or gravity damper to keep the air path in the exhaust duct 
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closed when fan is not operating. 
 
j.  If a food preparation area exhaust hood is oversized, adjust it so no more air than necessary is 
exhausted.  This can be done easily by blocking off a portion of the hood, or reducing fan speed, 
or lowering hood, or by utilizing a combination of these techniques in compliance with 
applicable health regulations. 
 
k.  Consider cutting off direct outdoor air supply to toilet rooms and other potentially “odorous” 
areas.  Permit air from other areas to migrate into such areas through door grilles and exhausted. 
 
l.  Consider adding controls to shut down the ventilation system whenever the building is closed 
for an extended period of time, e.g., during evenings and weekends, except when the economizer 
cycle is in use. 
 
m.  Reduce volume of toilet exhausts in buildings, which have multiple toilet exhaust fans 
having a total fan capacity in excess of outside air requirements.  Wiring a fan interlock into 
toilet room lights through a timed relay can do this, so the fan is activated only when lights are 
on.  Issue an administrative request and post signs stating that lights should be turned off when 
the room is not in use will help ensure that lights (and thus the fan) are off when the room is not 
being used.  Another method involves damping down air volume so only that amount of air 
required by code is removed. 
 
n.  If a large occupant load is involved, consider installing remotely adjustable outside air 
dampers.  These permit outside air volume to be adjusted in approximate proportion to current 
occupancy. 
 
o.  Install baffles to prevent wind from blowing directly into an outdoor air intake. 
 
p.  Supply ventilated air to parking garages to levels indicated by CO2 monitoring systems.  
 
I.3  Infiltration 
 
I.3.1  Windows and Skylights.  The following are no- and low-cost energy savings opportunities 
related to infiltration through windows and skylights: 
 
a.  Replace broken or cracked windowpanes. 
 
b.  Replace worn or broken weather-stripping around operable windows.  If possible, install 
weather-stripping where none was installed previously. 
 
c.  Weatherstrip operable sash if crack is evident. 
 
d.  Caulk around window frames (exterior and interior) if cracks are evident. 
 
e.  Rehang misaligned windows 
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f.  Be certain that all operable windows have sealing gaskets and cam latches that are in proper 
working order. 
 
g.  Consider posting a small sign next to each operable window instructing occupants not to open 
window while the building is being heated or cooled. 
 
I.3.2  Doors.  The following are no- and low-cost energy savings opportunities related to 
infiltration through doors: 
 
a.  Replace any worn or broken weatherstripping.  Install weatherstripping where none has been 
installed previously. 
 
b.  Rehang misaligned doors. 
 
c.  Caulk around doorframes. 
 
d.  Inspect all automatic door closers to ensure they are functioning properly.  Consider 
adjustment to enable faster closing.  
 
e.  Inspect gasketing on garage and other overhead doors.  Repair, replace or install as necessary. 
 
f.  Consider placing a small sign next to each door leading to the exterior or unconditioned 
spaces advising occupants to keep door closed at all times when not in use. 
 
g.  Establish rules for all building personnel regarding opening and closing of doors, directing 
them to keep them closed whenever possible.  Install signs on exterior walls near delivery 
entrances regarding proper operation of doors. 
 
h.  Consider installing automatic door closers on all doors leading to the exterior or 
unconditioned spaces. 
 
i.  If the building has a garage but does not have a garage door, consider installing one.  Install 
another one, preferably motorized to enable easier opening and closing. 
 
j.  Consider use of a card-, key- or radio frequency-operated garage door, which stays closed at 
all times except when is use. 
 
I.3.3  Exterior Surfaces.  The following are no- and low-cost energy savings opportunities related 
to infiltration through other exterior surfaces: 
 
a.  Caulk, gasket, or otherwise weatherstrip all exterior joints, such as those between wall and 
foundation or wall and roof, and between wall panels. 
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b.  Caulk, gasket or otherwise weatherstrip all openings, such as those provided for entrance of 
electrical conduits, piping, through-the-wall cooling and other units, and outside air louvers. 
 
c.  Where practical, cover all window and through-the-wall cooling units when not in use. 
Specially designed covers can be obtained at relatively low cost. 
 
I.4  Heating and Cooling 
 
I.4.1  Operating Practices Modifications (General) 
 
I.4.1.1  Significant heating and cooling energy savings can be achieved simply by modifying the 
manner in which heating and cooling systems are operated.  The following facts should be 
emphasized strongly, however: 
 
a.  Operational savings are limited.  While changes in operational procedures can save energy 
and energy costs, the net amount represents but a fraction of the potential which can be saved 
through other, more substantive measures. 
 
b.  Operational savings will, in some cases, cause minor deviation for accepted standards of 
comfort.  Some deviations may be more noticed than others may. 
 
c.  Professional assistance and guidance should be obtained before instituting any significant 
operational change.  As an example, in certain situations setting a thermostat to 68°F during the 
heating season can cause the cooling system to be activated, wasting more energy than is 
conserved.  Likewise, setting thermostats at 78°F during the cooling season can bring on heating 
or reheat. 
 
d.  Each building represents a unique situation.  As such, the guidelines outlined herein should be 
recognized as general only.  Each must be tailored for the building involved, preferably with 
professional guidance. 
 
e.  Space temperature should be maintained in a range to maximize occupant satisfaction by 
conforming to local commercial equivalent temperature levels and operating practices. 
 
I.4.1.2  Guidelines for the more effective changes, which can be made in operational routine to 
effect energy savings, are as follows: 
 
a.  Reduce use of heating and cooling systems in spaces, which are used infrequently, or only for 
short periods of time. 
 
b.  Heat office buildings to 65 to 70°F when occupied, and no higher than 55°F when 
unoccupied.  This does not mean that air should be cooled if the temperature exceeds these 
limits. 
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c.  Preheat building so that it achieves 65°F by the time occupants arrive.  Complete warm-up 
during the first hour of occupancy.  Lighting, people and use of equipment will aid in warm-up. 
 
d.  Turn heat off during the last hour of occupancy. 
 
e.  Cool office building to 76 to 80°F when occupied.  Do not utilize mechanical cooling when 
unoccupied. Special consideration, however, must be given to computer rooms.  Generally, the 
primary criterion is constant temperature humidity relationship.  Manufacturers should be 
contacted to determine permissible ranges. 
 
f.  Begin precooling operations so the building is at 80°F by the time occupants arrive.  Complete 
cool-down during the first hour of occupancy. 
 
g.  Isolate storage room areas from occupied areas. Maintain storage areas at 60°F or lower in 
winter. 
 
h.  Shut off all heating in garages, docks and platform areas. 
 
i.  Consider closing outside air dampers during the first and last hours of occupancy and during 
peak loads. 
 
j.  During cooling season evening and night hours, flush the building with cooler outdoor air. 
 
k.  Allow natural humidity variations from 30 to 60 percent relative humidity in occupied spaces. 
 
l.  When appropriate, consider closing supply registers and radiators and reducing thermostat 
settings or turning off the electric heaters in lobbies, corridors and vestibules. 
 
m.  Where sill height electric heaters are used, adjust thermostat so heat provided is just 
sufficient to prevent cold downdrafts from reaching the floor. 
 
n.  Turn off humidifiers whenever the building is closed for extended periods of times, except 
when process or equipment requirements take precedence. 
 
o.  Evaluate the necessity of a humidification system and curtail humidification for areas such as 
hallways, equipment rooms, lobbies laundry areas, and similar spaces. 
 
p.  Turn off portable electric heaters and portable fans when not needed or during unoccupied 
periods. 
 
q.  Turn on self-contained units, such as window and through-the-window and through-the-wall 
units, only when needed.  Turn them off when the space is to be unoccupied for several hours. 
 
r.  In mild weather, lower the cooling effect by running room-cooling fans at lower speeds. 
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s.  Turn off all noncritical exhaust fans. 
 
t.  Turn off reheat in all areas during summer, except where equipment requirements necessitate 
humidity control. 
 
u.  When the sun is not shining during the heating season, close interior shading devices to 
reduce radiation from body to cold window surfaces. 
 
v.  Develop an after-hours equipment operation checklist for use by custodial and other building 
personnel as well as occupants who may use various spaces after normal periods of occupancy. 
 
w.  Schedule operating and maintenance work during the daytime, if possible. 
 
x.  Wear heavier clothing during the heating season and lighter clothing during the cooling 
season. 
 
y.  Reduce internal heat generation as much as possible during the cooling season.  Typical 
sources of heat generation include lighting, people, machines, and cooking equipment. 
 
I.4.2  Operating Practices Modifications (Central Plant) 
 
I.4.2.1  Once other changes have been made to affect the building’s heating and cooling loads, 
certain changes can be made to control plant operating practice.  The importance of the 
following factors must be recognized: 
 
a.  Certain operational changes accomplished through manual control also can be made through 
automatic control.  Compare the efficiency and cost of both methods and consider their potential 
impact of likely future changes before determining which way to go. 
 
b.  Obtain assistance when required. The complexity, cost and importance of central plants 
demand that those making changes know exactly what they are doing. 
 
c.  Be certain to maintain daily operational logs to determine the effectiveness of the system, 
impact of a modification, and times when additional modifications may be required. 
 
I.4.2.2  Shutting down central heating, ventilating, and air-conditioning equipment during 
unoccupied periods can result in substantial savings.  Examine building for actual utilization and 
determine what has to be done to permit maximum shutdown of energy consuming equipment 
during periods when buildings have few or no occupants; during nights, weekends, and vacation 
periods.  Experience has shown that only a small portion of a building actually requires night or 
24-hour operation.  Often a small unitary air-conditioning system designed to serve a room or 
few rooms will permit substantial shutdowns of large central systems. 
 
I.4.2.3  If a central air system provides the only source of heat for a building maximum use of 
system capacity probably occurs only during a relatively few hours of the year.  As such, a low 
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limit night thermostat can be provided to start the system on a full heating mode with all outdoor 
air dampers closed to operate as required to keep the building at a temperature of no more than 
55°F.  A thermostat of this type is controlled by a time clock, which, at a predetermined hour, 
starts and stops selected fan units and/or opens or closes automatic water or steam valves to 
maintain the desired temperature.  In many cases this unit will have to operate on an infrequent 
basis due to the thermal storage effects of building energy.  As a result, separate convector or 
radiation hot water systems, in buildings, which have them, normally can provide adequate heat 
during unoccupied periods without operating large central supply air systems.  Often these 
radiation systems can be completely shut off at outdoor temperatures of 35°F to 45°F and above 
depending on the building envelope involved. 
 
I.4.2.4  When the HVAC system is de-energized during unoccupied periods, it is essential that 
outside air dampers be closed tightly.  Inspect them to be sure that they make a tight seal.  Repair 
or replace them as required.  Likewise, exhaust fans which interlock with outside air fans also 
should be shut down.  The only exceptions to these guidelines would be when an economizer 
cycle is used at night during the cooling season to use cooler outside air to lower indoor 
temperature instead of the mechanical cooling system.  If, after shutdown, the cooling systems is 
not capable of achieving and maintaining temperature and humidity conditions in hot spells, 
install controls to activate the equipment a few hours before occupancy instead of operating the 
system all night or throughout the entire weekend. 
 
I.4.2.5  The following are no- and low-cost energy savings opportunities related to central plant: 
 
a.  Operate one of multiple compressors and chillers at full load, rather than two or more at part 
loads. 
 
b.  Operate condenser water system at lower temperatures. 
 
c.  Operate only the chilled water pumps and cooling tower fans necessary. 
 
d.  Elevate chilled water temperatures when humidity conditions permit. 
 
e.  Operate boilers at lower pressure and temperatures in accordance with space heating demand. 
 
f.  Consider elimination of hot standby boilers since, in many cases, a boiler failure will not 
cause serious hardship. 
 
g.  Operate only the heating water pumps necessary. 
 
h.  Examine operating procedures when more than one boiler is involved.  It is far better to 
operate one boiler at 90 percent capacity than two at 45 percent capacity each.  The more boilers 
used the greater the heat loss. 
 
i.  Check flue gas analysis periodic basis: the efficient combustion of fuel in a boiler requires 
burner adjustment of achieve proper stack temperature, CO2 and excess air settings.  Check 



  

I-8 

settings to provide stack temperatures of no more than 150°F above steam or water temperature.  
There should be no carbon monoxide.  For a gas fired unit, CO2 should be present at 9 or 10 
percent. For #2 fuel oil, 11.5 to 12.8 percent; for #6 fuel oil, 13 to 13.8 percent. 
 
j.  Adjust air/fuel ratios of firing equipment.  The air-to-fuel ratio must be maintained properly.  
If there is insufficient air, the fire will smoke, cause tubes to become covered with soot and 
carbon, and thus lower heat-transfer efficiency.  If too much air is used, unused air is heated by 
combustion and exhausted up the stack, wasting energy. 
 
k.  Use an oil additive to provide better combustion. 
 
l.  Introduce water vapor into the oil before combustion.  (Water particles explode when heated, 
breaking up oil molecules to cause more complete combustion.) 
 
m.  Use automatic viscosity controllers to achieve better oil combustion atomization.  Automatic 
viscosity controllers also permit mixing or using different graders of oil. 
 
I.4.3  Operating Practices Modifications (Kitchen and Cafeteria Areas) 
 
I.4.3.1  The following steps can be taken to effect more efficient use of energy in kitchen, 
cafeteria and other food-handling areas: 
 
a.  Turn off infrared food warmers when no food in being warmed. 
 
b.  Inspect refrigeration condensers routinely to ensure that they have sufficient air circulation 
and that dust is cleaned off coils. 
 
c.  Inspect and repair walk-in or reach-in refrigerated area doors without automatic closures or 
tight gaskets. 
 
d.  Train employees in conservation of hot water.  Supervise their performance and provide 
additional instruction and supervision as necessary. 
 
e.  Avoid using fresh hot or warm water for dish scraping. 
 
f.  Keep refrigeration coils free of frost build-up. 
 
g.  Clean and maintain refrigeration on water chillers and cold drink dispensers. 
 
h.  Reduce temperature or turn off frying tables and coffee urns during off-peak periods. 
 
i.  Preheat oven only for baked goods.  Discourage chefs from preheating any sooner than 
necessary. 
 
j.  Run the dishwasher only when it is filled. 
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k.  Cook with lids in place on pots and kettles.  It can cut heat requirements in half. 
 
l.  Thaw frozen foods in refrigerated compartments. 
 
m.  Fans that cool workers should be directed so they do not cool cooking equipment. 
 
n.  Consider using microwave ovens for thawing and fast food preparation whenever they can 
serve to reduce power requirements. 
 
I.4.4  Heating and Cooling Maintenance Modifications 
 
I.4.4.1  General.  The maintenance guidelines presented herein all should be performed to at least 
bring systems up to efficiency.  They also should be continued on a regularly scheduled basis 
depending on the nature of the system and frequency of operation.  Inspection of many of the 
items mentioned also will provide some idea about the effectiveness of the maintenance program 
now in effect and the condition of the equipment, some of which may need adjustment, repair or 
replacement.  These guidelines are general.  Whenever possible, the manufacturer of the 
equipment involved should be contacted to obtain pertinent literature describing the maintenance 
procedures suggested.  Otherwise, those who regularly install such equipment, or who design 
heating and cooling systems, should be asked to prepare manuals or guidelines. 
 
I.4.4.2  Refrigeration Equipment.  Efficiency of refrigeration equipment can be improved 
considerably through following proper maintenance procedures.  The following guidelines are 
suggested: 
 
a.  Refrigerant Circuit and Controls.  The following are no- and low-cost energy savings 
opportunities related to refrigerant circuit and controls: 
 
(1)  Inspect moisture-liquid indicator on a regular basis.  If the color of the refrigerant indicates 
“wet,” it means there is moisture in the system.  This is a particularly critical problem because it 
can cause improper operation or costly damage.  Also, if there are bubbles in the refrigerant flow 
as seen through the moisture-liquid indicator, it may indicate that the system is low in 
refrigerant. 
 
(2)  Use a leak detector to check for refrigerant and oil leaks around shaft seal, sight glasses, 
valve bonnets, flanges, flare connections, relief valve on the condenser assembly and at pipe 
joints to equipment, valves and instrumentation. 
 
(3)  Inspect equipment for any visual changes such as oil spots on connections or on the floor 
under equipment.  
 
(4)  Inspect the liquid line leaving the strainer.  If it feels cooler than the liquid line entering the 
strainer, it is clogged.  If it is very badly clogged, sweat or frost may be visible at the strainer 
outlet.  Clean as required. 
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(5)  Observe the noise made by the system.  Any unusual sounds could indicate a problem. 
Determine cause and correct. 
 
(6)  Establish what normal operating pressures and temperatures for the system should be.  
Check all gauges frequently to ensure that design conditions are being met.  Increased system 
pressure may be due to dirty condensers, which will decrease system efficiency.  Defective or 
broken compressor valves often cause high discharge temperatures. 
 
(7)  Inspect tension and alignment of all belts and adjust as necessary. 
 
(8)  Where applicable, lubricate motor bearings and all moving parts according to manufacturer’s 
recommendations. 
 
(9)  Inspect insulation on suction and liquid lines. 
 
b.   Compressor.  The following are no- and low-cost energy savings opportunities related to 
compressor: 
 
(1)  Look for unusual compressor operation such as continuous running or frequent stopping and 
starting, either of which may indicate inefficient operation.  Determine the cause and if 
necessary, correct. 
 
(2)  Observe the noise made by the compressor.  If it seems to be excessively noisy, it may be a 
sign of a loose drive coupling or excessive vibration.  Tighten compressor and motor on the base. 
If noise persists, call a competent mechanic. 
 
(3)  Check all compressor joints for leakage.  Seal as necessary. 
 
(4)  Inspect instrumentation frequently to ensure that operating oil pressure and temperature 
agree with manufacturer’s specification. 
 
c.  Air-Cooled Condenser.  The following are no- and low-cost energy savings opportunities 
related to air-cooled condenser: 
 
(1)  Keep fan belt drive and motor properly aligned and lubricated. 
 
(2)  Inspect refrigerant piping connections to the condenser coil for tightness.  Repair all leaks. 
 
(3)  Keep condenser coil face clean to permit proper airflow. 
 
(4)  Determine if hot air is being bypassed from the fan outlet to the coil inlet.  If so, correct the 
problem. 
 
d.  Evaporative Condenser.  The following are no- and low-cost energy savings opportunities 



  

I-11 

related to evaporative condenser: 
 
(1)  Inspect piping joints and seal all leaks. 
 
(2)  Remove all dirt from the coil surface by washing it down with high velocity water jets or a 
nylon brush. 
 
(3)  Inspect air inlet screen, spray nozzle or water distribution holes, and pump screen.  Clean as 
necessary. 
 
(4)  Use water treatment techniques if local water supply leaves surface deposits on the coil. 
 
(5)  Follow guidelines for fan and pump maintenance. 
 
e.  Water-cooled Condenser.  Clean condenser shell and tubes by swabbing with a suitable brush 
and flushing out with clean water. Chemical cleaning also is possible, although it is suggested 
that a water treatment company be consulted first.  
 
f.  Cooling Towers.  The following are no- and low-cost energy savings opportunities related to 
cooling towers: 
 
(1)  Perform chemical treatment to determine if solid concentrations are being maintained at an 
acceptable level. 
 
(2)  Check overflow pipe clearance for proper operating water level. 
 
(3)  Check fan by listening for any unusual noise or vibration.  Inspect condition of V-belt. Align 
fan and motor as necessary. 
 
(4)  Follow guidelines for fan maintenance. 
 
(5)  Keep the tower clean to minimize both air and water pressure drop. 
 
(6)  Clean intake strainer. 
 
(7)  Determine if there is air bypass from tower outlet back to inlet.  If so, bypass may be 
reduced through addition of baffles or higher discharge stacks. 
 
(8)  Inspect spray filled or distributed towers for proper nozzle performance.  Clean nozzles as 
necessary. 
 
(9)  Inspect gravity distributed tower for even water depth in distribution basins. 
 
(10)  Monitor effectiveness of any water treatment program that may be underway. 
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g.  Chillers.  The following are no- and low-cost energy savings opportunities related to chillers 
(and organized by chiller type): 
 
(1)  Reciprocating Chiller. 
 
(i)  Daily:  Log the motor voltage and current.  Log the temperature and pressure for the 
compressor, condenser and evaporator.   Check the crankcase oil level.  Check for excessive 
noise and vibration. 
 
(ii)  Weekly:  Check the refrigerant level.  Check the belts and coupling alignment.  Inspect the 
oil color for contamination. 
 
(iii)  Monthly:  Cycle the controls.  Check the operation of unloaders.  Inspect the crankcase 
heaters. 
 
(iv)  Annually:  Inspect all wiring, contacts, starters and disconnects.  Test the operation of safety 
controls. Meg motor windings.  Calibrate the controls. 
 
(2)  Absorption Chiller. 
 
(i)  Daily:  Log operating temperatures.  Log the steam pressure.  Check for excessive noise and 
vibration. 
 
(ii)  Weekly:  Test the operation of the purge unit.  Inspect the purge system's drive belt.  Inspect 
the solution pump motor. 
 
(iii)  Monthly:  Check safety controls settings.  Clean line strainers for the lubricating pump. 
 
(iv)  Annually:  Inspect all wiring, contacts, starters and disconnects.  Test the operation of safety 
controls.  Test the operation of the steam valve.  Check the operation of temperature controllers.  
Test the lithium bromide solution. 
 
(3)  Rotary-Screw Chiller. 
 
(i)  Daily:  Log the motor voltage and current.  Log the temperature and pressure for the 
compressor, condenser, and evaporator.  Inspect for oil and water leaks.  Check for excessive 
noise and vibration.  Check the oil level. 
 
(ii)  Weekly:  Check the refrigerant level.  Check the water treatment system operation. 
 
(iii)  Monthly:  Inspect all valves for leaks.  Inspect the pump seals.  Check the control system 
settings and operation. 
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(iv)  Annually:  Inspect all wiring, contacts, starters and disconnects.  Test the operation of safety 
controls.  Meg motor windings.  Calibrate the chiller controls.  Change the compressor oil and 
filter. 
 
(4)  Centrifugal Chiller. 
 
(i)  Daily:  Log motor voltage and current.  Log temperature and pressure for the compressor, 
condenser and evaporator.  Inspect for oil leaks.  Inspect for water leaks.  Check the oil level.  
Inspect for excessive noise and vibration. 
 
(ii)  Weekly:  Check the refrigerant level.  Inspect the purge system operation.  Check the water 
treatment system operation.  
 
(iii)  Monthly:  Inspect all valves for leaks.  Inspect filters and strainers.  Monitor the control 
system operation. 
 
(iv)  Annually:  Inspect all wiring, contacts, starters and disconnects.  Test the operation of safety 
controls.  Meg motor windings.  Calibrate the chiller controls.  Change compressor oil and filter.  
Clean the condenser tubes.  Check the eddy current test condenser tubes.  Inspect the chiller case 
for rust.  
 
(5)  Absorption equipment. 
 
(i)  Clean strainer and seal tank on a regular basis. 
 
(ii)  Lubricate flow valves on a regular basis. 
 
(iii)  Follow manufacturer instructions for proper maintenance. 
 
(6)  Self-Contained Units (e.g., window units, through-the-wall units, and heat pumps). 
 
(i)  Clean evaporator and condenser coils.  
 
(ii)  Keep air intake louvers, filters and controls clean. 
 
(iii)  Keep air flow from units unrestricted. 
 
(iv)  Caulk openings between unit and windows or wall frames. 
 
(v)  Check voltage.  Full power voltage is essential for proper operation. 
 
(vi)  Follow applicable guidelines suggested for compressor, air-cooled condenser and fans. 
 
h.  Heating Equipment.  The following are no- and low-cost energy savings opportunities related 
to boilers (organized by boiler type): 
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(1)  Boilers (General). 
 
(i)  Inspect boilers for scale deposits, accumulation of sediment or boiler compounds on water 
side surfaces.  Rear portion of the boiler must be checked because it is the area most susceptible 
to formation of scale.  (Scale reduces the efficiency of the boiler and possibly can lead to 
overheating of furnace, cracking of tube ends and other problems.) 
 
(ii)  Fireside of the furnace and tubes must be inspected for deposits of soot, fly ash and slag.  
Fireside refractory surface also must be observed.  Soot on tubes decreases heat transfer and 
lowers efficiency.  (Consider installation of thermometer in the vent outlet.  It can save 
inspection time and often can prove to be more accurate than visual inspection alone.)  If gas 
outlet temperature rises above normal, it can mean that tubes need cleaning.  Evidence of heavy 
sooting in short periods could be a signal of too much fuel and not enough air.  Adjustment of 
the air/fuel ratio is required to obtain clean burning fire. 
 
(iii)  Inspect door gaskets.  Replace them if they do not provide a tight seal.  
 
(iv)  Keep a daily log of pressure, temperature and other data obtained from instrumentation.  
This is the best method available to determine the need for tube and nozzle cleaning, pressure or 
linkage adjustments, and related measures.  Variations from normal can be spotted quickly, 
enabling immediate action to avoid serious trouble.  On an oil-fired unit, indications of problems 
include an oil pressure drop, which may indicate a plugged strainer, faulty regulating valve, or an 
air leak in the suction line.  An oil temperature drop can indicate temperature control 
malfunction or a fouled heating element.  On a gas-fired unit, a drop in gas pressure can indicate 
a drop in the gas supply pressure or malfunctioning regulator. 
 
(v)  Note firing rate when log entries are made.  Realize that even a sharp rise in stack 
temperature does not necessarily mean poor combustion or fouled waterside or fireside.  During 
load change, stack temperatures can vary as much as 100°F in five minutes. 
 
(vi)  Inspect stacks.  They should be free of haze.  If not, it probably indicates that a burner 
adjustment is necessary. 
 
(vii)  Inspect linkages periodically for tightness.  Adjust when slippage or jerky movements are 
observed. 
 
(viii)  Observe the fire when the unit shuts down.  If the fire does not cut off immediately, it 
could indicate a faulty solenoid valve.  Repair or replace as necessary. 
 
(ix)  Inspect nozzles or cup of oil-fired units on a regular basis.  Clean as necessary. 
 
(x)  Check burner firing period.  If it’s improper, it could be a sign of faulty controls. 
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(xi)  Check boiler stack temperature.  If it is too high (more than 150°F above steam or water 
temperature) clean tubes and adjust fuel burner. 
 
(xii)  Inspect all boiler insulation, refractory, brickwork, and boiler casing for hot spots and air 
leaks. Repair and seal as necessary. 
 
(xiii)  Clean mineral or corrosion build-up on gas burners. 
 
(2)  Boilers (Fuel Oil). 
 
(i)  Check and repair oil leaks at pump glands, valves or relief valves. 
 
(ii)  Inspect oil line strainers.  Replace if dirty. 
 
(iii)  Inspect oil heaters to ensure that oil temperatures are being maintained according to 
manufacturer’s or oil supplier’s recommendations. 
 
(3)  Central Furnaces, Make-Up Air Heaters, and Unit Heaters. 
 
(i)  All heat exchanger surfaces should be kept clean.  Check air-to-fuel ratio and adjust as 
necessary. 
 
(ii)  Inspect burner couplings and linkages. 
 
(iii)  Inspect casing for air leaks and seal as necessary. 
 
(iv)  Inspect insulation and repair or replace as necessary. 
 
(v)  Follow guidelines suggested for fan and motor maintenance. 
 
(4)  Radiators, Convectors, Baseboard and Finned Tube Units. 
 
(i)  Inspect for obstructions in front of the unit and remove whenever possible.  Air movement in 
and out of convector unit must be unrestricted. 
 
(ii)  Air will sometimes collect in the high points of hydronic units.  It must be vented to enable 
hot water to circulate freely throughout the system.  Otherwise, the units will short cycle (go on 
and off quickly), wasting fuel. 
 
(iii)  Heat-transfer surfaces of radiators, convectors, baseboard and finned-tube units must be 
kept clean for efficient operation.  
 
(5)  Electric Heating. 
 
(i)  Keep heat-transfer surfaces of all electric heating units clean and unobstructed. 
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(ii)  Keep air movement in and out of the units unobstructed. 
 
(iii)  Inspect heating elements, controls and, as applicable, fans on a periodic basis to ensure 
proper functioning. 
 
(iv)  As appropriate, check reflectors on infrared heaters for proper beam direction and 
cleanliness. 
 
(v)  Determine if electric heating equipment is operating at rated voltage as necessary.  
 
(vi)  Check controls for proper operation. 
 
i.  Humidification and Dehumidification Equipment.  The following are no- and low-cost energy 
savings opportunities related to humidification and dehumidification equipment: 
 
(1)  Remove lint and dust periodically from air dampers, fan parts, spray chamber and diffuser, 
controls starter, and eliminator. 
 
(2)  Check equipment for carry-over.  Carry-over may be maintained by adjusting eliminator seal 
gap, altering damper position, or changing air velocity. 
 
(3)  Follow guidelines suggested for “Fan and Motor Maintenance.” 
 
j.  Air Handling Equipment.  The following are no- and low-cost energy savings opportunities 
related to air handling equipment: 
 
(1)  Inspect ductwork for air leakage.  Seal all leaks by taping or caulking. 
 
(2)  Inspect ductwork insulation.  Repair or replace as necessary.  
 
(3)  Utilize ductwork access openings to check for any obstructions such as loose hanging 
insulation (in lined ducts), loose turning vanes and accessories, and closed fire dampers.  Adjust, 
repair or replace as necessary. 
 
(4)  Inspect damper blades and linkages.  Clean, oil and adjust them on a regular basis. 
 
(5)  Inspect air valves in dual duct mixing boxes to ensure full seating and minimum air leakage. 
 
(6)  Inspect mixing dampers for proper operation. 
 
(7)  Clean or replace air filters on a regular basis. 
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(8)  Inspect air heating, cooling and dehumidification coils for cleanliness.  Coils can be kept 
clean by using a mixture of detergent and water in a high-pressure (500 psig) portable cleaning 
unit. 
 
(9)  Inspect for leakage around coils or out of the casing.  Seal all leaks. 
 
(10)  Inspect all room air outlets and inlets (diffusers, registers and grilles).  They should be kept 
clean and free of all dirt and obstructions.  Clean and remove obstructions as necessary. 
 
(11)  Inspect air washers, and evaporative air cooling equipment for proper operation.  Clean 
damper blades and linkages if so equipped.  Inspect nozzles and clean as necessary. 
 
(12)  If electronic air cleaners are installed, check them regularly for any excessive 
accumulations on the ionizing and grounding plate section.  Replace filter media if necessary.  
Follow manufacturer’s written instructions whenever adjustments or maintenance is required.  
 
(13)  Inspect humidifier/dehumidifier air dampers, fan parts, spray chamber, diffuser, controls, 
strainer and eliminator.  All must be kept free of dirt, lint and other foreign particles.  Clean 
eliminator wheel by directing a high-pressure stream of water between blades. 
 
(14)  Adjust all variable air volume boxes so they operate precisely.  This will prevent 
overheating or overcooling, both of which waste energy. 
 
(15)  Follow guidelines suggested for fan maintenance. 
 
I.4.5 Prime Movers: Motors, Engines Turbines. 
 
I.4.5.1 Motors.  The following are no- and low-cost energy savings opportunities related to 
motors: 
 
a.  Check alignment of motor to equipment driven.  Align and tighten as necessary.  
 
b.  Check for loose connections and bad contacts on a regular basis.  Correct as necessary. 
 
c.  Keep motors clean. 
 
d.  Eliminate excessive vibrations. 
 
e.  Lubricate motor and drive bearings on a regular basis.  This will help reduce friction and 
excessive torque, which can result in overheating and power losses. 
 
f.  Replace worn bearings. 
 
g.  Tighten belts and pulleys to eliminate excessive losses. 
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h.  Check for overheating.  It could be an indication of functional problem of lack of adequate 
ventilation. 
 
i.  Balance 3-phase power sources to motors.  An imbalance can create inefficient motor 
operation and use of more energy. 
 
j.  Check for high voltage or low-voltage condition on motors.  Correct as necessary. 
 
I.4.5.2 Engines.  The following are no- and low-cost energy savings opportunities related to 
engines: 
 
a.  Follow manufacturers recommended maintenance procedure. 
 
b.  Check fuel consumption and compare with design fuel consumption. 
 
c.  Record and check cooling water temperatures daily.  If cooling water temperatures exceed 
manufacturer recommendations, check temperature controls and correct as necessary. 
 
I.4.5.3  Turbines.  The following are no- and low-cost energy savings opportunities related to 
turbines: 
 
a.  Follow manufacturers recommended maintenance procedures. 
 
b.  Daily record steam pressure and check speed. 
 
c.  Regularly check oil level, packing leakage, governor and throttle valve operation. 
 
d.  Record and check bearing temperatures. 
 
e.  Record and check oil cooler temperatures. 
 
f.  Weekly check vibrations. 
 
I.4.6  Fans and Pumps. 
 
I.4.6.1  Fans.  The following are no-and low-cost energy savings opportunities related to fans: 
 
a.  Check for excessive noise and vibration.  Determine cause and correct as necessary. 
 
b.  Keep fan blades clean. 
 
c.  Inspect and lubricate bearings regularly. 
 
d.  Inspect drive belts.  Adjust or replace as necessary to ensure proper operation.  Proper 
tensioning of belts is critical. 
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e.  Inspect inlet and discharge screens on fans.  They should be kept free of dirt and debris at all 
times. 
 
I.4.6.2  Pumps.  The following are no- and low-cost energy savings opportunities related to 
pumps: 
 
a.  Check for packing wear that can cause excessive leakage.  Repack to avoid excessive water 
wastage and shaft erosion. 
 
b.  Inspect bearings and drive belts for wear and binding.  Adjust, repair or replace as necessary. 
 
I.4.7  Hot and Chilled Water Piping.  The following are no- and low-cost energy savings 
opportunities related to hot and chilled water piping: 
 
a.  Inspect all controls.  Test them for proper operation.  Adjust, repair or replace as necessary.  
Also check for leakage at joints. 
 
b.  Check flow measurement instrumentation fur accuracy.  Adjust, repair or replace as 
necessary. 
 
c.  Inspect insulation of hot and chilled water pipes.  Repair or replace as necessary.  Be certain 
to replace any insulation damaged by water.  Determine source of water leakage and correct. 
 
d.  Inspect strainers.  Clean regularly. 
 
e.  Inspect heating and cooling heat exchangers.  Large temperature differences may be an 
indication of air binding, clogged strainers or excessive amounts of scale.  Determine cause of 
condition and correct. 
 
f.  Inspect vents and remove all clogs.  Clogged vents retard efficient air elimination and reduce 
efficiency of the system. 
 
I.4.8  Steam Piping.  The following are no- and low-cost energy savings opportunities related to 
steam piping: 
 
a.  Inspect insulation of all mains, risers and branches, economizers and condensate receiver 
tanks.  Repair or replace as necessary. 
 
b.  Check automatic temperature-control system and related control valves and accessory 
equipment to ensure that they are regulating the system properly in the various zones—in terms 
of building heating needs, not system capacity. 
 
c.  Inspect zone shut-off valves.  All should be operable so steam going into unoccupied spaces 
can be shut off. 
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d.  Inspect steam traps.  Their failure to operate correctly can have a significant impact on the 
overall efficiency and energy consumption of the system.  Several different tests can be utilized 
to determine operations. 
 
e.  Listen to the trap to determine if it is opening and closing when it should be. 
 
f.  Feel the pipe on the downstream side of the trap.  If it is excessively hot, the trap probably is 
passing steam.  This can be caused by dirt in the trap, valve off stem, excessive steam pressure, 
or worn trap parts (especially valve and seats).  If it is moderately hot – as hot as a hot water 
pipe, for example – it probably is passing condensate, which it should do.  If it’s cold, the trap is 
not working at all. 
 
g.  Check back pressure on downstream side. 
 
h.  Measure temperature of return lines with a surface pyrometer.  Measure temperature drop 
across the trap.  Lack of drop indicates steam blow-through.  Excessive drop indicates that the 
trap is not passing condensate.  Adjust, repair or replace all faulty traps. 
 
i.  Inspect all pressure reducing and regulating valves and related equipment.  Adjust, repair or 
replace as necessary. 
 
j.  Inspect condensate tank vents.  Plumes of steam are an indication of one or more defective 
traps.  Determine which traps are defective and adjust, repair or replace as necessary. 
 
k.  Check accuracy of recording pressure gauges and thermometers. 
 
l.  Inspect pump for satisfactory operation, looking particularly for leakage at the packing glands. 
 
m.  Correct sluggish or uneven circulation of steam.  Inadequate drainage, improper venting, 
inadequate piping, or faulty traps and other accessory equipment usually cause it. 
 
n.  Correct any excessive noise that may occur in the system to provide more efficient heating 
and to prevent fittings from being ruptured by water hammer. 
 
o.  Check vacuum return system for leaks.  Air drawn into the system causes unnecessary pump 
operation, induces corrosion and causes the entire system to be less efficient. 
 
I.4.9  Pneumatic Air Compressor for Controls.  The following are no- and low-cost energy 
savings opportunities related to pneumatic air compressor for controls: 
 
a.  Inspect all connections for air leaks using a soap solution.  Seal as necessary. 
 
b.  Note operation.  If compressor seems to run excessively, it could be a sign of pressure loss at 
the controls or somewhere in the piping system.  Determine cause and correct. 
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c.  Inspect air pressure in supply tank and pressure regulator adjustment in supply line for proper 
limits. 
 
d.  Check belt tension and alignment. 
 
e.  Inspect air compressor intake filter pads and clean or replace as necessary. 
 
f.  Lubricate electric motor bearings according to manufacturer’s recommendations. 
 
I.4.10  General Systems Modifications 
 
I.4.10.1  Terminal Reheat System.  The following are no- and low-cost energy savings 
opportunities related to terminal reheat system: 
 
a.  Reduce the supply air quantity. 
 
b.  De-energize or shut off reheat coils and raise the chilled water supply air temperature in 
summer months in increments of 3°F to determine the highest supply temperature which will 
maintain satisfactory room conditions.  Temperatures, which some commercial buildings have 
found suitable, range from 60°F to 70°F. 
 
c.  Adjust outside air, return air and mixed air damper controls in winter to raise supply air 
temperature to a level between 64°F to 70°F, depending on the conditions in the area served by 
the system. 
 
d.  If close temperature and humidity control must be maintained for hot equipment purposes, 
lower water temperature and reduce flow to reheat coils.  This still will permit control, but will 
limit the system’s heating capabilities somewhat. 
 
I.4.10.2  Dual-Duct System.  The following are no- and low-cost energy savings opportunities 
related to dual-duct system: 
 
a.  Lower hot deck temperature and raise cold deck temperature. 
 
b.  Reduce air flow to all boxes to minimally acceptable level. 
 
c.  When no cooling loads are present, close off cold ducts and shut down the cooling system.  
Reset hot deck according to heating loads and operate as a single duct system.  When no heating 
loads are present, follow the same procedure for heating ducts and hot deck.  It should be noted 
that operating a dual-duct system as a single duct system reduces airflow, resulting in increased 
energy savings through lowered fan speed requirements. 
 
I.4.10.3  Multizone System.  Reduce hot deck temperatures and increase cold deck temperatures.  
While this will lower energy consumption, it also will reduce the system’s heating and cooling 
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capabilities as compared to current capabilities. 
 
I.4.10.4  Induction Systems.  The following are no- and low-cost energy savings opportunities 
related to induction systems: 
 
a.  Set primary air volume to original design values when adjusting and balancing work is 
performed. 
 
b.  Inspect nozzles.  If metal nozzles, common on most older models, are installed, determine if 
the orifices have become enlarged from years of cleaning.  If so, chances are that the 
volume/pressure relationship of the system has been altered.  As a result, the present volume of 
primary air and the appropriate nozzle pressure required must be determined.  Once done, 
rebalance the primary air system to the new nozzle pressures and adjust individual induction 
units to maintain airflow temperature.  Also, inspect nozzles for cleanliness.  Clogged nozzles 
provide higher resistance to airflow, thus wasting energy. 
 
c.  Set induction heating and cooling schedules to minimally acceptable levels. 
 
d.  Reschedule the temperature of the heating water and the cooling water according to the load.  
Avoid simultaneous heating or cooling in any one zone. 
 
e.  Reduce secondary water flow during minimum heating and cooling periods by pump 
throttling or, for dual-pump systems, by operating one pump only. 
 
f.  Consider manual setting of primary air temperature for heating, instead of automatic reset by 
outdoor or solar controllers. 
 
g.  For operation during unoccupied hours in the heating season, shut down primary air fans, 
raise the hot water temperature and operate the induction units as gravity convectors. 
 
I.4.10.5  Variable Air Volume System.  The following are no- and low-cost energy savings 
opportunities related to variable air volume system: 
 
a.  Reduce the volume of air handled by the system to that point which is minimally satisfactory. 
 
b.  Lower hot water temperature and raise chilled water temperature in accordance with space 
requirements. 
 
c.  Raise air supply temperature to that point which will result in the VAV box serving the space 
with the most extreme load being fully open. 
 
I.4.10.6  Constant Air Volume System.  Determine the minimum amount of airflow that is 
satisfactory and reset the constant volume device accordingly. 
 
I.4.10.7  Single Zone System.  The following are no- and low-cost energy savings opportunities 
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related to single zone system: 
 
a.  Implementing energy conservation measures, which reduce the heating and/or cooling of air, 
handled by the HVAC system results in reduced fan power input requirements.  Fan brake 
horsepower varies directly with the cube of air volume.  Thus, for example, a 10 percent 
reduction in air volume will permit a reduction in fan power input by about 27 percent of 
original.  This modification will limit the degree to which the zone serviced can be heated or 
cooled as compared to current capabilities. 
 
b.  Raise supply air temperatures during the cooling season and reduce them during the heating 
season.  This procedure reduces the amount of heating and cooling, which a system must 
provide, but, as with air volume reduction, limits heating and cooling capabilities. 
 
c.  Avoid simultaneous heating and cooling except as required for humidity control in critical 
areas. 
 
I.4.10.8 Fan Coil System.  The following are no- and low-cost energy savings opportunities 
related to fan coil system: 
 
a.  Reduce air flow to minimally satisfactory levels. 
 
b.  Balance water flows to minimally satisfactory levels. 
 
c.  When heating and cooling loads are minimal shut off fans so enabling the coil to act as a 
convector. 
 
I.4.11  Distribution Systems Modifications. 
 
I.4.11.1  Hydronic Systems.  The following are no- and low-cost energy savings opportunities 
related to hydronic systems: 
 
a.  Install insulation on all hot and chilled water pipes, fittings and valves passing through 
unconditioned spaces to minimize heat losses and heat gains. 
 
b.  Replace fine mesh strainer baskets with ones having the largest practical openings to reduce 
pressure losses. 
 
c.  Remove orifice plates not regularly used for flow measurement. 
 
d.  Balance hydronic systems to attain minimally satisfactory temperature and water flow.  
 
e.  Trim impeller to actual size required on pump curve after terminal unit flows are reduced to 
the minimum.  This will enable reductions of power requirements of actual load. 
 
f.  Check all pipe fittings.  Replace those, which are inefficient. 
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I.4.11.2  Steam Systems.  Install insulation on all mains, riser, and branches, economizers, water 
heaters, and condensate receiver tanks where none now exists. 
 
I.4.11.3  Air Distribution Systems.  The following are no- and low-cost energy savings 
opportunities related to air distribution systems: 
 
a.  Test, adjust and balance entire air distribution system in accordance with methodology 
suggested in the latest ASHRAE Handbook and Product Guide. 
 
b.  Insulate all ductwork carrying conditioned air through unoccupied spaces with at least 1” of 
fibrous insulation or its thermal equivalent. 
 
c.  Reduce system resistance to air flow to a minimum by replacing those duct sections and 
fittings, which impose unnecessary resistance on the system.  Replace dirty filters with 
adequately sized filter media, which have high efficiency and low air flow resistance.  Remove 
unnecessary dampers and other obstructions from ductwork and replace high resistance inlets 
and outlets with modern grilles and diffusers providing low resistance. 
 
d.  Reduce fan power input equipment by reducing air volume.  Whenever heating and cooling 
loads are reduced, fan air volume reductions should be implemented to reduce fan energy 
consumption.  Changing the speed of rotation as follows can reduce air volume: 
 
(1)  Where motor sheave is adjustable, open the “v” to reduce its effective diameter and adjust 
motor position or change belts to maintain proper tension. 
 
(2)  Change motor sheave if no further adjustment is possible. 
 
(3)  If motors are variable speed, set controller for reduced speed. 
 
I.4.12  Control Adjustment and Modifications.  The following are no- and low-cost energy 
savings opportunities related to control adjustment and modifications: 
 
a.  Adjust controls at the time of testing, adjusting and balancing of all heating and cooling 
systems. 
 
b.  Check operation of entire heating/cooling control system, including control valves and 
dampers.  Correct all improper operations. 
 
c.  Check control system for instrument calibration and set point, actuator travel and action, and 
proper sequence of operation. 
 
d.  Inspect and calibrate pressure controls on dual duct system to obtain minimum static pressure 
during low demand and less leakage. 
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e.  Adjust controls where applicable to prevent simultaneous operation of heating and cooling 
systems to achieve desired temperature. 
 
f.  Limit the use of reheat to areas where humidity control is needed because of equipment needs. 
 
I.5  Transmission 
 
I.5.1  Glazing.  The following are no- and low-cost energy savings opportunities related to 
glazing: 
 
a.  Inspect condition of indoor shading devices such as drapes and blinds, which can reduce, heat 
gain as much as 50 percent.  Keep indoor shading devices clean and in good repair. 
 
b.  During the heating season, close all interior shading devices before leaving space to reduce 
nighttime heat losses. 
 
I.6  Lighting 
 
I.6.1  Modify Usage Patterns. 
 
I.6.1.1  Establish an effective lighting usage program: a planned program to turn lights on when 
and where they are needed.  The major advantages of such programs are that they can be tailored 
to the individual characteristics of the space and needs of its occupants, implemented relatively 
inexpensively, and implemented very quickly.  The key element of a lighting usage program is a 
lighting schedule related to occupant usage patterns.  Personnel should be assigned, trained and 
made responsible for the efficient utilization of lighting by means of established schedules for 
the control of lighting. 
 
I.6.1.2  Define the exact nature of occupancy for each period of time.  Determine the amount of 
lighting needed for safety and security purposes.  Provide detailed instructions for system 
operation to responsible employees by means of charts, posting and/or color coding of switches.  
Train the responsible employees to assure understanding and compliance with the procedures.  
For example, significant amounts of energy (and cost) can be conserved in buildings by means of 
lighting schedules requiring reduced lighting for daytime unoccupied (Saturdays, Sundays, and 
holidays), nighttime unoccupied and maintenance periods (low lighting levels). 
 
I.6.1.3  The following two options should be considered part of the overall program: 
 
a.  Campaign for better utilization by using letters, memos, signs and personal contact to 
encourage occupants – especially custodial personnel – to use lighting only when it is needed, to 
use only the amount of lighting required, and to turn off lights whenever they are not being used. 
 
b.  Post a small sign or chart near each switch, which identifies which lights are controlled by the 
switch. This enables the user to be more selective while also reducing trial-and-error, which can 
consume significant amounts of energy, as banks of lights are quickly activated and deactivated. 
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I.6.2  Work Station Modifications.  The following are work station modifications related to 
lighting: 
 
a.  Move desks and other work surfaces to a position and orientation that will use installed 
luminaires to their greatest advantage (instead of moving luminaires). 
 
b.  To the extent permitted by productivity requirements and related concerns, group tasks that 
require approximately the same levels of illumination.  This may reduce the number of areas 
requiring higher illumination levels and provide an opportunity to reduce the total amount of 
lighting needed. 
 
c.  Relocate work stations requiring the highest illumination level to areas near windows.  
Recognize that utilization of natural lighting will affect heat gain, therefore requiring that the 
heat gain/light gain tradeoff be given careful consideration.  In many cases glazing can be 
modified to limit heat gain while still permitting entry of a significant amount of light. 
 
d.  Arrange work stations so that sidewall daylighting crosses the task perpendicular to the line 
of vision. 
 
I.6.3  Maintenance Considerations.  The following are maintenance considerations related to 
lighting: 
 
a.  Lamp efficiency deteriorates over the life of a lamp.  Maintenance personnel should check 
light output regularly with a calibrated light meter.  When the light output of a group of lamps 
has fallen to approximately 70 percent of the original light output, relamp all fixtures in the 
group at the same time.  This is also a good time to check whether a more efficient or lower 
wattage lamp is suitable. 
 
b.  Lamps should be wiped clean at regular intervals to assure maximum efficiency.  Lamps 
which are exposed to an atmosphere with substantial amounts of dirt, dust, grease or other 
contaminants should be cleaned more frequently than lamps in a relatively clean atmosphere. 
 
c.  Luminaire efficiency can be maintained by properly cleaning the reflecting surfaces and 
shielding media.  Replace lens shielding that has yellowed or become hazy with a clear acrylic 
lens with good nonyellowing properties.  For some applications, a clear glass lens can be 
considered if it is compatible with the luminaire and does not present a safety hazard.  (Caution 
should be used to assure that an existing luminaire will safely support and hold the glass lens.) 
 
d.  Clean ceilings, walls and floors frequently to improve reflective qualities.  When daylight is 
used, wash windows frequently to maintain illumination levels on tasks, which require some 
natural illumination. 
 
I.6.4 Lamp Modification.  Remove unnecessary lamps if removal will still enable provision of 
illumination levels required.  When lamps are removed from a fluorescent luminaire, all lamps 
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controlled by a given ballast should be removed to prevent ballast failure or reduced lamp life.  
Except in the case of instant start lamps or luminaires with circuit-interrupting lamp holders, also 
consider disconnecting ballasts which otherwise would continue to consume energy. 
 
I.7  Domestic Hot and Cold Water 
 
I.7.1  The following are no- and low-cost energy savings opportunities related to domestic hot 
and cold water: 
 
a.  Inspect water supply system and repair all leaks, including those at the faucets. 

 
b.  Inspect and test hot water controls to determine if they are working properly.  If not, either 
regulate, repair or replace. 
 
c.  Inspect insulation on storage tanks and piping.  Repair or replace as needed. 
 
d.  Increase the amount of insulation installed on hot water pipes and storage tanks or replace 
existing insulation with a type having better thermal properties (“R” value). 
 
e.  Consider replacing existing hot water faucets with spray type faucets with flow restrictors 
where practical. 
 
f.  Consider installing spring activated hot water taps. 
 
g.  If water pressure exceeds 40 to 50 pounds, consider having a plumber install a pressure 
reducing valve on the main service to restrict the amount of hot water that flows from the tap. 
 
h.  Reduce generating and storage temperature levels to the minimum required for washing 
hands, usually about 105°F.  Boost hot water temperature locally for kitchens and other areas 
where it is needed, rather than by providing higher than necessary temperatures for the entire 
building. 
 
i.  If cooking facilities are used only on occasion, as for certain conferences or meetings, 
deactivate the hot water heating system, including the gas pilot if installed, when the facilities 
are not being used. 
 
j.  For an electric domestic water heater, consider limiting the duty cycle to avoid adding water 
heating load to the building during periods of peak electrical demand. 
 
k.  If hot water is distributed through forced circulation, turn off the pump when the building is 
unoccupied. 
 
l.  Disconnect all refrigerated water fountains if acceptable to building occupants. 
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m.  Consider relocating the water heater as close to the point of use as possible.  The longer the 
run, the more hot water that sits in it – cooling down – between periods when hot water is drawn. 
 
n.  Consider replacing free running drinking fountains with spigot types, which utilize a paper, 
cup.  Up to half the water drawn by free-running fountains is wasted. 
 
I.8  Elevators and Escalators 
 
I.8.1  The following are no- and low-cost energy savings opportunities related to elevators and 
escalators: 
 
a.  Encourage building occupants (and perhaps visitors) to use the stairway when only a few 
stories are involved and when security permits. 
 
b.  Perform a traffic review to determine if a building has proper elevator capacity, or has over-
capacity in light of use during different periods of the day. If there is excess elevator capacity, 
take one or more elevators out of operation at least during periods of light traffic. 
 
c.  In a building that has automatic load-shedding or demand-limiting equipment, connect 
elevators to the system to enable automatic shutdown of one or more to limit peak demand. 
 
d.  If elevators are taken out of service, waiting period (floor dwell time) automatically will be 
increased.  If none are taken out of service, however, floor dwell time can be lengthened thus 
increasing the passenger load factor. 
 
e.  If elevators have demand type controls, adjust controls so that the fewest number of elevators 
travel the shortest distance that demand on the system allows. 

 
f.  Do not permit elevators to time out and shut down too rapidly.  They should idle long enough 
so that power consumption is equal to or just less than power consumed in motor generator 
starting. 

 
g.  If escalators are involved, consider the following alternatives: 
 
(1)  Operate them only during peak periods. 
 
(2)  Shut down all “down” escalators at all times. 
 
(3)  Shut down all “down” escalators during periods of light traffic. 
 
(4)  Shut down “up” escalators on every other floor during light traffic. 
 
I.9  Electric Power 
 
I.9.1  General.  The following are no- and low-cost energy savings opportunities related to 
electric power: 
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a.  Through letters, memoranda, signage, personal contact and other means, encourage all 
building personnel to turn off all electric equipment not in use, including portable fans, 
typewriters, calculators, and coffee pots. 

 
b.  Turn off window displays and revolving signs at least at the end of closing hours, possibly 
during low traffic periods, and perhaps at all times. 
 
c.  Disconnect all unnecessary apparatus and devices, for example, ventilation fans in elevators 
where smoking is not permitted. 
 
d.  Turn off equipment and devices that will be unused for a period of time, for example, vending 
machines (in which spoilage would not be a problem) and drinking fountains that can be turned 
off for the weekend.  (Consider time controls to do the job.  It would be feasible, then, to also 
turn off such devices during the evening hours.) 
 
I.9.2  Maintenance. 
 
I.9.2.1  A proper program of electrical system maintenance can help prevent excessive energy 
losses, reduced equipment life, and hazardous conditions associated with poorly maintained 
equipment.  As an initial step, a qualified professional electrical contractor should make a load 
survey of the building's electrical distribution system.  Although probably adequate when first 
designed and installed, the system may not now be able to carry proper current due to changes in 
layout and uses.  Additions or shifts in motors may have affected working voltage of the system, 
thus affecting motor operation, lighting efficiencies and conductor loading.  The load survey 
should indicate problem areas.  As examples, low-voltage conditions on motors cause high 
amperage draw, which increases line losses. 
 
I.9.2.2  High voltage causes some motors to become less efficient.  Undersize wire increases line 
loss.  Loose connections and bad contacts cause increased amperage draw and power loss as well 
as heating and arcing which is both inefficient and dangerous.  Unbalanced voltages in 3-phase 
motors can create inefficient motor operation.  Power leaks to ground also can cause substantial 
loss of energy, arcing and, ultimately, loss of life.  Assuming that repairs and maintenance are 
performed as needed, regular checks of voltage at the terminals of power and lighting circuits 
should be made.  Constant rated voltage is necessary to obtain maximum efficiency and usable 
life from installed equipment. 
 
I.9.3  Equipment and Control Rooms.  Water, dust, heat, cold, humidity, dryness, corrosive 
atmospheres, vibration and other conditions all affect the performance and usable life of 
electrical apparatus.  For this reason, it is essential to regulate to as great a degree as possible the 
environment of equipment and control rooms where the majority of electric apparatus are 
located.  It is suggested that such rooms be kept relatively dry and that appropriate ventilation be 
installed for enclosed rooms to prevent heat build-up.  High humidity can increase dirt build-up 
on electrical parts and cause inefficiencies and, in some cases, total breakdowns. 
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I.9.4  Power Transformer Management.  The following are no- and low-cost energy savings 
opportunities related to power transformer management: 
 
a.  Shade exterior transformer banks from solar radiation to prevent heat build-up and resultant 
losses. 
 
b.  Ventilate transformer banks to keep them as cool as possible. 
 
c.  De-energize transformers whenever possible, including the following: 
 
(1)  Unloaded transformers. 
 
(2)  Transformers supplying unoccupied or unused spaces. 
 
(3)  Refrigeration chiller transformer during the heating season. 
 
(4)  Heating equipment transformers during the cooling season. 
 
(5)  Heating and cooling transformers during periods of time which normally require no heating 
or cooling, as during spring and fall. 
 
I.9.5  Outdoor Switchgear.  The following are no- and low-cost energy savings opportunities 
related to outdoor switchgear: 
 
a.  Provide shading. 
 
b.  Remove or prune (in the case of shrubbery) any obstructions that tend to diminish natural 
ventilation. 
 
I.10  Computer Facilities 

 
I.10.1  The following are no- and low-cost energy savings opportunities related to computer 
facilities: 

 
a.  Consult manufacturers to determine permissible temperature and humidity ranges.  Adjust 
controls of computer-support HVAC equipment to provide those conditions which are acceptable 
and which will result in the minimum expenditure of heating/cooling/humidification/ 
dehumidification energy. 
 
b.  Reduce lighting levels to those minimums suggested by the computer equipment 
manufacturer. 
 
c.  Develop a checklist for use by computer personnel.  Such a checklist should include 
directions on operation of the building’s lighting, HVAC, food service, elevator and other 
systems during periods of general building nonoccupancy. 



  

I-31 

 
I.11  Interior Space Utilization 
 
I.11.1  Work Methods Improvements.  Consider combining operations and work elements, 
changing sequence of operations, simplifying necessary operations, eliminating unnecessary 
work, and establishing preferred work methods.  In this way, for example, trips between floors 
via the elevator can be reduced if several routine tasks can be undertaken while on the floor 
involved, instead of making two or three trips to perform each task separately. 
 
I.11.2  Equipment and Materials Relocation.  The following are no- and low-cost energy savings 
opportunities related to equipment and materials relocation: 
 
a.  Consider locating all computer and electronic equipment that requires close temperature and 
humidity control in a common space to be served by a common system. 
 
b.  Where practical, place all heat-producing equipment such as duplicating machines in one area 
to enable easier control for heating and cooling purposes. 
 
c.  Local wall hangings, displays and furniture away from supply and return air grilles and 
registers to prevent obstruction of airflow. 
 
I.11.3  Other.  The following are additional approaches to effectively utilizing interior space: 
 
a.  Close off unused areas and rooms.  Where possible, be certain that blinds or other shading 
devices are drawn and registers closed.  
 
b.  If possible, have persons working after hours work in proximity to one another to lessen 
lighting and HVAC (heating, ventilating, and air-conditioning) requirements. 
 
c.  When repainting, consider use of light wall surfaces to reflect both heat and light. 
 
d.  If possible, place in proximity to one another those persons whose tasks require similar 
lighting levels. 
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Appendix J:  Federal Energy-Efficient Technology Programs 
 
J.1  U.S. Environmental Protection Agency ENERGY STAR® Programs 
 
J.1.1  Green Lights Program.  Green Lights asks its members to sign a Memorandum of 
Understanding (MOU) with the Environmental Protection Agency.  In the MOU, participants 
agree to survey 100 percent of their facilities and to upgrade 90 percent of the square footage 
that can be upgraded profitably, without compromising lighting quality, within five years of 
signing the MOU.  Participants also agree to appoint an implementation manager to oversee their 
progress in the program, and to report at least annually to EPA on their upgrade progress. 
 
J.1.2 ENERGY STAR® Computers Program.  The ENERGY STAR® Computers program is a 
voluntary partnership with the computer industry to promote the introduction of energy-efficient 
personal computers, monitors, and printers in an effort to reduce air pollution caused by power 
generation.  All computer, monitor, printer, and controlling device products that qualify are 
identified by the EPA ENERGY STAR® logo.  The ENERGY STAR® logo made its debut on 
products in June 1993, and there are now over 2,000 compliant products available.  According to 
participating manufacturers, most companies expect to convert a majority of their product lines 
to qualify for the ENERGY STAR® logo within a few years, at no extra cost to consumers and 
with no sacrifice in performance. 
 
J.1.3 ENERGY STAR® Buildings Program.  The ENERGY STAR® Buildings program is a 
voluntary energy efficiency program for commercial buildings.  Expanding on the successful 
Green Lights program, this initiative focuses on profitable investment opportunities available in 
most buildings, using proven technologies.  A central component of the program is a step-by-
step implementation strategy that takes advantage of system interactions, enabling business 
owners to achieve additional energy savings while lowering capital expenditures. 
 
J.1.4 ENERGY STAR® Label for Buildings Program.  The ENERGY STAR® Label for 
Buildings program provides an automated benchmarking tool to help facilities’ measure their 
building energy performance relative to other buildings in the United States.  Benchmarking can 
help determine how well a building is performing in terms of energy efficiency, set targets for 
improved performance, facilitate a more accurate assessment of property value, and in some 
cases gain recognition for exemplary achievement.  Buildings benchmarked with a score of 75 or 
higher, and which maintain an indoor environment consistent with industry standards, are 
designated with the ENERGY STAR® Label. 
 
J.1.5  Further information on these programs and others is available at 
http://www.epa.gov/energystar.html. 
 
 
 
 
J.2  U.S. Department of Energy Programs 
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J.2.1  Motor Challenge Program.  The Motor Challenge program is an industry-government 
partnership designed to help industry capture two billion kilowatt-hours per year of electricity 
savings by the year 2000.  The program was initiated in 1993 as part of the Department of 
Energy’s renewed effort to promote voluntary industry-government partnerships to improve 
energy efficiency, economic competitiveness, and the environment.  The program’s mission is to 
increase the market penetration of energy-efficient industrial electric motor-drive systems by 
encouraging the selection of efficient motors, pumps, fans, other motor-driven equipment; and 
by encouraging the most appropriate matching and integration of these system components. 
 
J.2.2  Steam Challenge Program.  The Steam Challenge program is a public-private initiative 
sponsored by the Department of Energy Office of Industrial Technologies.  The goal of Steam 
Challenge is to help industrial customers retrofit, maintain, and operate their steam systems more 
efficiently and more profitably.  More information on this program can be found at the Steam 
Challenge Web site: http://www.oit.doe.gov/steam.  Available resources include information, 
workshops, and case studies of successful projects, in addition to other useful information, such 
as the Council of Industrial Boiler Operators (CIBO) Energy Efficiency Handbook. 
 
J.2.3  Federal Procurement Challenge Program.  The Department of Energy’s Federal Energy 
Management Program helps Federal agencies identify energy-efficient products that meet their 
operational needs and are cost-effective.  Part of the program are the Product Energy Efficiency 
Recommendations, a series of publications designed to assist agencies and programs in 
identifying energy-efficient products.  The Recommendations describe performance levels that 
meet or exceed the requirements for purchasing energy-efficient products as described in 
Executive Order 13123.  The Recommendations also provide the following: 
 
a.  Identify Federal supply sources that offer efficient products. 
 
b.  Suggest ways for buyers to identify efficient products when buying from commercial sources. 
 
c.  Present a cost-effectiveness example in order to help buyers judge whether a price premium is 
really “worth it.” 
 
d.  Offer tips to help buyers and users save energy without sacrificing comfort or performance. 
 
e.  Provide leads to other useful sources of information on product energy efficiency, such as the 
DOE/EPA  program, the American Council for an Energy-Efficient Economy (ACEEE), Home 
Energy magazine, and many more.  
 
J.2.3.1  Further information on these programs and others is available at 
http://www.eren.doe.gov/femp. 
 
J.2.3.2  The Department of Energy works with the General Services Administration and the 
Defense Logistics Agency to increase the number of catalogs and schedules for energy-efficient 
products, including online procurement sources.  These sources identify specific products 
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complying with the energy-efficiency Recommendations by using an  symbol or an ENERGY 
STAR® label:  
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Appendix K:  Resources for Lighting and Waste Disposal Information 
 
K.1  Lighting and Waste Disposal Resources. 
 
K.1.1  EPA Regional Offices 
 
a.  Region III (PA, WV, VA, MD, DE, DC) 
Environmental Protection Agency 
841 Chestnut Building 
Philadelphia, PA  19107 
(215) 597-9800 
 
b.  Region IV (TN, KY, NC, SC, GA, AL, MS, FL) 
Environmental Protection Agency 
345 Courtland Street, NE 
Atlanta, GA  30365 
(404) 347-4727 
 
c.  Region V (IL, WI, IN, MI, MN, OH) 
Environmental Protection Agency 
77 West Jackson Boulevard 
Chicago, IL  60604-3507 
(312) 353-2000 
 
d.  Region VI (NM, TX, OK, AR, LA) 
Environmental Protection Agency 
First Interstate Bank Tower at Fountain Place 
12th Floor, Suite 1200 
1445 Ross Avenue 
Dallas, TX  75202-2733 
(214) 665-6444 
 
e.  Region IX (CA, NV, AZ, HI, American Samoa, Guam) 
Environmental Protection Agency 
75 Hawthorne Street 
San Francisco, CA  94105 
(415) 744-1305 
 
K.1.2  EPA Lighting Upgrade Manual 
 
a.  U.S. Environmental Protection Agency 
Office of Air and Radiation 6202J 
EPA 430-B-95-003, January 1995 
http://www.epa.gov/GCDOAR/waste.html#info 
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K.1.3  State Solid and Hazardous Waste Agencies 
 
a.  Alabama: Department of Environmental Management 
Land Division (Solid/Hazardous Waste) 
1751 Federal Drive 
Montgomery, AL  36130 
(205) 271-7761/7735 
 
b.  California: Department of Toxic Substances Control 
P.O. Box 806 
Sacramento, CA  95812-0806 
(916) 322-0712 
 
c.  District of Columbia: Department of Consumer and Regulatory Affairs 
Environmental Regulation Administration 
Pesticides, Hazardous Waste, and Underground Storage Tank Division 
Hazardous Waste Management Branch 
2100 Martin Luther King Jr. Avenue, SE, Suite 203 
Washington, DC  20020 
(202) 404-1167 
 
d.  District of Columbia: Department of Public Works 
Public Space Maintenance Administration 
Bureau of Sanitation Services (Solid Waste Disposal/Recycling) 
2750 South Capitol Street, SE 
Washington, DC 
(202) 767-8512 
 
e.  Florida: Bureau of Solid and Hazardous Waste 
Department of Environmental Protection 
2600 Blair Stone Road 
Tallahassee, FL  32399-2400 
(904) 488-0300 
 
f.  Louisiana: Department of Environmental Quality 
Office of Solid and Hazardous Waste 
Solid Waste Division 
P.O. Box 44307 
Baton Rouge, LA  70804 
(504) 765-0355 
 
g.  Maryland: Department of Environment 
Toxic Operations Program 
2500 Boening Highway 
Baltimore, MD  21224 
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(410) 631-3345 
 
h.  Mississippi: Department of Environmental Quality 
Office of Pollution Control 
P.O. Box 10358 
Jackson, MS  39209 
(601) 961-5171 
 
i.  New Mexico: New Mexico Environmental Department 
Harold Runnels Building 
P.O. Box 26110 
Santa Fe, NM  87502 
Hazardous and Radioactive Materials Bureau: (505) 827-4308 
Solid Waste Bureau: (505) 827-2775 
 
j.  Ohio: Environmental Protection Agency 
Office of Solid and Hazardous Waste 
P.O. Box 1049 
1800 Watermark Drive 
Columbus, OH  43266-0149 
 
k.  Texas: Texas Water Commission 
P.O. Box 13087 
1700 North Congress Avenue 
Austin, TX  78711-3087 
(512) 463-7830 
 
l.  Virginia: Virginia Department of Environmental Quality 
Special Solid Waste Program 
P.O. Box 10009 
Richmond, VA  22240 
(804) 527-5357 
 
K.1.4  National Hotlines 
 
a.  Toxic Substances Control Act (TSCA) Assistance Information Hotline: (202) 554-1404 
 
b.  RCRA/CERCLA Hotline: (800) 424-9346; in the Washington, DC metro area: (703) 412-
9810 
 
c.  CERCLA National Response Center (NRC) Hotline: (800) 424-8802 
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Appendix L: Bioclimatic Chart 
 
 

 
 

Bioclimatic Chart for Assessing Passive Design Strategies25 

                                                           
25 Oikos Inc. Which Passive Cooling Strategy is Right for You. Available on-line from: 
http://oikos.com/esb/51/passivecooling.html#passive cooling. Accessed 7/22/98. 
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Appendix M:  United States Surface Temperature – Average and Amplitude 
 

 
 

Available online at http://www.ncdc.noaa.gov/ol/climate/severeweather/temperatures.html 
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Appendix N:  Solar Radiation Maps for the United States 
 

 
 

Average August Global Horizontal Solar Radiation for the United States 
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Average January Global Horizontal Solar Radiation for the United States 
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Maximum August Global Horizontal Solar Radiation for the United States 
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Maximum January Global Horizontal Solar Radiation for the United States 
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Minimum August Global Horizontal Solar Radiation for the United States 
 
 



  

 N-6

 
 

Minimum January Global Horizontal Solar Radiation for the United States 
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Appendix O:  Solar Water Heating System Worksheet 
 
 

Data Necessary for Evaluating Solar Water-Heating Systems26 
 

A. Building hot water requirements 
 
Daily Load ________________gal/day (L/day) maximum, 

                   ________________gal/day (L/day) minimum 
How determined? __________________________________________________ 

7. Daily use pattern _______________________________________________ 
8. Hot water delivery temperature ______________°F (°C) 
9. Load profile [list monthly hot water load estimates, gallons (litres)]: 
Jan _______ Feb _______ Mar _______ Apr _______ May _______ Jun______  
Jul _______ Aug _______ Sep _______ Oct _______ Nov _______ Dec ______ 
10. Total annual load ________________ 
B. Main heating system 

1. Energy source: Gas ________ Electric ________ Oil ________ Steam _______  
Cost _________ 

2. Hot water heater/storage capacity ________________gallon 
How water heater efficiency _______________ 

3. Hot water circulation: Yes ________ No ________ 

4. Cold water temperature ______°F (°C) maximum ______°F (°C) minimum 

C. Building information 

Date of construction ________________  
Building name_____________________________________________________ 
Location (including Zip code)__________________________________________ 
1. Primary building use: _______________________________________________ 

2. Number of floors: ________________ Total floor area _____________ ft2 (m2) 

3. Utilities available: Natural gas ______________ Propane gas ____________ 

Fuel oil ___________  
Electric: _______________ volt, ________________ phase, ___________ kW 

4. Water quality: pH ________________ Dissolved solids _______________ ppm 

                                                           
26 Solar Water Heating FTA available on-line at: http://www.eren.doe.gov/femp/sw_water.html. Accessed May 21, 
1998. (based, with a few additions, on checklists 1-2, 1-3, and 1-5 of ASHRAE's Active Solar Heating Systems 
Design Manual. Copyright 1995 by the American Society of Heating, Refrigeration, and Air-Conditioning 
Engineers. Inc.,Atlanta, Georgia. Reprinted by Permission) 
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D. Collector and storage locations 

Potential collector location: Roof ________ Ground ________ Wall ________  
If roof, type: Flat ____________ Pitched ____________  
If pitched, pitch line direction (azimuth of compass direction roof faces)______  
and slope ____________ 
Roofing material __________________________________________  
Area available for collectors ________ ft (mm [N/S] x _______ ft (mm) [E/W]  
Potential shading problems __________________________________________ 
 
1. Provide sketch showing shape and overall dimensions of potential collector locations and 
orientations with location and type of any obstructions of potential shading sources. 

2. Potential storage location: Indoor ____________ Outdoor ____________ 
If indoor, available area ____________ ft (mm) x ____________ ft (mm); 
Ceiling height ____________ ft (mm)  
Access to storage location: ____________ door sizes ____________ other 

3. Potential mechanical equipment location: Indoor ____________  
Outdoor ____________  
If indoor, available area ____________ ft (mm) x ____________ ft (mm) 

4. Approximate distance collector to heat exchanger or storage _________ ft (mm) 
elev.____________ ft (mm) horizontal 

5. Approximate distance heat exchanger to storage _________ ft (mm) elev., 
_______ ft (mm) horizontal 
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Appendix P:  Flat Plate Solar Water Heating Performance Map 
 
 

 
 

Important Factors For Solar Water-Heating Performance Include Solar Resource, Air 
Temperature, Water Supply Temperature, And Collector Efficiency27 

 
 
 

                                                           

27 Available online at http://www.eren.doe.gov/femp/sw_figures.html#fig3 
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Appendix Q:  Ventilation Air Preheating Worksheet 
 

Collector Sizing 
 
Collector sizing depends on the magnitude of the building ventilation and the wall area available for 
mounting the transpired solar collector. 
 
   Vbldg     = building outdoor airflow rate    __________ cfm 
 
   Aavai     = available wall area for collector   __________ ft2 
 

   vmin      =  minimum collector flow rate    __________   cfm/ft2 

  (typically about 8 cfm/ft2) 
 
   vmax      = maximum collector flow rate    __________ cfm/ft2 

  (typically about 8 cfm/ft2) 
 
   Amin      = minimum collector area (ft2) 
 
   Amax     = maximum collector area (ft2) 
 
   Acoll      = design collector area (ft2) 
 
   Vcoll      = total flow rate through the collector (cfm) 
 
   vcoll       = flow rate per unit collector area (cfm/ft2) 
 
  Amin =     ____     ÷ ____  = _________ ft2 
        Vbldg  Vmax     
 
  Amax =     ____     ÷ ____  = _________ ft2 
        Vbldg  Vmin 
 
1) if Aavail > Amax , then    Acoll = Amax  = _________ ft2 

 
      Vcoll = Vbldg  = _________ cfm 
 
      vcoll = vmin  = _________ cfm/ft2 
 
2) if Amin < Aavail < Amax , then   Acoll = Aavail  = _________ ft2 

 
      Vcoll = Vbldg  = _________ cfm  
 
      vcoll = Vbldg ÷ Aavail  = _________ cfm/ft2 
 
3) if Aavail < Amin , then    Acoll = Aavail  = _________ ft2 

 
     Vcoll = Aavail x vmax  = _________ cfm 
 
      vcoll = vmax  = _________ cfm/ft2 
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Annual Energy Savings 
 
    Acoll   = collector area      _________ ft2 

 
    thours  = time that there is airflow through the collector _________ hours/day 
   (length of collector operating day) 
 
    tdays  = time that there is airflow through the collector _________     days/week 
   (length of collector operating week) 
 
    tweeks  = time that there is airflow through the collector _________     weeks/year 
   (length of collector operating season) 
 
    qsolar  = useful energy from the collector (from Map 1) _________ KBTU/ft2-year 
 
    qfan  = fan energy for airflow through the collector  _________      W/ft2 
   (typically about 1 W/ft2) 
 
    Uwall  = heat loss coefficient for the building wall  _________      BTU/°F-ft2-hr 
 
    HDD = annual heating degree days (from Map 2)  _________ °F-days/year 
 
    Ehtg  = efficiency of the conventional heating system _________ fraction 
 
    Qsolar = solar energy collected (MBTU/year)    
 
    Qwall  = wall heat recapture (MBTU/year) 
   (only significant for very poorly insulated walls) 
 
    Qsaved = thermal energy savings (MBTU/year) 
 
    Qfan  = fan energy use (kWh/year) 
 
Thermal Energy Savings: 
 
    Qsolar = ____ x ____ x ( _____÷7) ÷ 103 = _________ MBTU/year 
       Acoll     qsolar        tdays 
 
  Qwall =  ____  x  ____ x ____ x (____ ÷7) x ____ ÷ 106 =  _________ MBTU/year 
     Acoll    Uwall     thours         tdays            HDD 
 
    Qsaved = (_____    + _____ )  ÷   _____    =  _________ MBTU/year 
         Qsolar         Qwall             Ehtg 
 
Electrical Energy Parasitics: 
 
  Qfan =  _____x _____ x _____ x ____ x  _____ ÷  103 = _________ kWh/year 
     Acoll       qfan        thours       tdays        tweeks 
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Appendix R:  Photovoltaics Worksheet 
 

Photovoltaics Daily Energy Calculation Worksheet 
 

Appliance Watts Daily Hours of Use Daily Watt-hours 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

  Total  
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Appendix S:  Soil Temperature Variability 
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Appendix T:  Geothermal Heat Pump Energy Analysis Worksheet 
 
 

 
 

Griffiss Air Force Base Ground Source Heat Pump Bin Method Energy Consumption Analysis 
Sample Data28 

 

                                                           
28 Lists the variables to be measured or calculated in order to determine the change in energy consumption due to 
ground source heat pump installation at a Federal facility.  
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Summary of Equations for Ground Source Heat Pump Bin Method Energy Analysis 



  

 U-1

Appendix U:  Ground Water Temperature Map of the United States 
 
 

 
 
 

Ground Water Temperature in °F in Wells Ranging from 50' to 150' Depth29 
                                                           
29 Water supply temperature is also an important factor for solar water heating. Cost-effectiveness is better if water must be heated from a colder starting temperature. Available online at: 
http://www.eren.doe.gov/femp/sw_figures.html#fig3 
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Appendix V:  DOE Guidance on Facility Water Management Plans and Water Efficiency 
Improvement Best Management Practices (BMP) 
 
Recommended Elements of a Facility Water Management Plan 
 
1) Operation and Maintenance (O&M) recommendations. Include appropriate O&M 
recommendations from the FEMP Best Management Practices in facility operating plans or 
procedure manuals. 
 
2) Utility Information, including: 
 
a) Contact information for all water and wastewater utilities. 
 
b) Current rate schedules and alternative schedules appropriate for your usage or facility type. 
You want to be sure you are paying the best rate. 
 
c) Copies of water/sewer bills for the past 2 years. This will help you identify inaccuracies and 
determine that you are using the appropriate rate structure. 
 
d) Information on financial or technical assistance available from the utilities to help with facility 
water planning and implementing water efficiency programs. Sometimes energy utilities offer 
assistance on water efficiency. 
 
e) Contact information for the office that pays the water/sewer bills. 
 
f) Production information, if the facility produces its water and/or treats its own wastewater. 
 
3) Facility information. At a minimum, perform a walk-through audit of the facilities to identify 
all major water using processes; location and accuracy of water measurement devices; main shut 
off-valves; verify operating schedules and occupancy of buildings. Because of reporting 
requirements in Executive Order13123, facilities should include a description of actions 
necessary to improve the accuracy of their water usage data. This can include a metering (or 
other measurement) plan for the facility. 
 
4) Emergency response information. Develop water emergency and/or drought contingency 
plans that will describe how your facility will meet minimum water needs in an emergency or 
reduce water consumption in a drought or other water shortage. This should be done in 
conjunction with your local water supplier. 
 
5) Comprehensive Planning. Inform staff contractors and the public of the priority your agency 
or facility places on water and energy efficiency. Ensure that they take water supply, wastewater, 
storm water issues and water efficiency BMPs into account at the earliest stages of planning and 
design for renovation and new construction. 
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BMP # 1 – Public Information and Education Programs 
 
Background 
Educating users is very important if water conservation technologies and methods are to be 
successful.  Experience shows that it is not enough to install a retrofit or water saving technology 
in a facility.  New operation procedures, retrofit or replacements are most effective when 
employees, contractors and the public know what the new technology or methods are and how to 
use them properly.   
 
An additional benefit to water conservation is positive public opinion.  If your facility is doing 
its part to save the community resources, let them know.  Informing the public about your 
facilities commitment to reduce waste is good news.  The news media is often interested in 
facilities that take a proactive stand on water conservation. 
 
Internal Options 

  Establish a user-friendly hot line or other systems to report leaks or other wastes of water 
and energy.  Repair promptly to encourage continued participation. 

 
 Keep employees informed about your commitment to water conservation, your ongoing 

conservation program and any program successes.  Start a water column in your building or 
agency newsletter featuring how much water has been saved through the water management 
program.  Send information via e-mail. 

 
 Place sign and placards near new equipment so it is easy understand the new technology and 

how to use it properly. 
 

 Start a suggestion and incentive system to recognize and encourage water saving in you 
facility.  Consider distributing efficiency devices. 

 
 Conduct regular training workshops for maintenance personnel to keep them up to date on 

operational changes and maintenance procedures. 
 
External Options 

 Work with local utilities to develop comprehensive programs and share your successes with 
other similar facilities. 

 
 Invite members of the local news media to tour you facility and see first-hand the 

conservation program and successes you have achieved. 
 

 Create displays presenting your water conservation results for posting in your lobby and 
other public reception areas. 

 
 Develop Web sites, brochures and other materials for distribution to employees and the 

public describing your program, goals and successes. 
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BMP # 2 – Distribution System Audits, Leak Detection and Repair  
 
Background 
A distribution system audit, leak detection and repair program can help facilities reduce water 
losses and make better use of limited water resources.  If you are located at the average, circa 
1940’s, military facility it is very likely that much more than 10 percent of your total water 
production and purchases are lost to system leaks.  Regular surveys of distribution systems 
should always be conducted prior to obtaining additional supplies and can have substantial 
benefits including: 
 

 Reduced water losses.  Reducing water losses will help stretch the existing supplies to meet 
increasing demand.  This could help defer the construction of new water facilities such as 
wells, reservoirs, or treatment plants. 

 Reduced operating costs.  Repairing leaks will save money by reducing power costs to 
deliver water, and reduce chemical to treat water. 

 Increased knowledge of the distribution system.  As personnel become more familiar with 
the system including knowing the location of mains and valves, they are able to respond 
more quickly to emergencies such as main breaks. 

 Reduce property damage.  Repairing system leaks can prevent damage to property and 
safeguards public health and safety. 

 
Operations and Maintenance  

 Complete a prescreening system audit to determine the need for a full-scale system audit 
using one of the following methods.  Every two years: 

 
1. Determine authorized uses 
 
2. Determine other system verifiable uses 
 
3. Determine total supply into the system 
 
4. Divide authorized uses plus other verifiable uses by total supply into the system.  If this 

quantity is less than 0.9, a full-scale system audit and leak detection program is indicated. 
 

Or 
 

 Once a system audit has been conducted, obtain and monitor minimum system flow.  This is 
usually the flow rate at around 3 or 4 AM.  Significant increases to this amount can be 
assumed to be leak-related and would indicate that a full-scale leak detection survey is 
necessary. 
 

 When indicated, facilities shall complete full-scale water audits of their distribution systems 
using a methodology consistent with that described in the American Water Works 
Association's "Water Audit and Leak Detection Guidebook, Number M36.” 
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Retrofit and Replacement Options 
 Repair leaks or replace pipes when leaks are found. 

 
 For specifics on this technology, consult with experts in the field. Your first resource should 

be your local or higher headquarters engineers, but do not overlook or rule out the benefits of 
input from experienced contractors or other Governmental agencies (e.g., DOD, CERL, 
DOE, and FEMP). 
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BMP # 3 – Water Efficient Landscaping 
 
Background 
In most locations, traditional landscapes require supplemental water to thrive.  For example, 
Kentucky bluegrass is native to regions that receive in excess of 40 inches per year of 
precipitation.  To make up the difference between a plant’s water requirement and the natural 
precipitation in your area, additional water must usually be added in the form of irrigation. 
 
If your facility includes any irrigated landscape, then exterior water use should be an important 
part of your overall water conservation program.  There are a number of good reasons to have a 
water efficient landscape: 
1. Native and other “climate appropriate” landscape materials can reduce irrigation water use 

by more than 50 percent. 
 
2. Reduced turf and other irrigated areas can significantly reduce time and money spent 

mowing, fertilizing, removing green wastes and maintaining landscapes. 
 
3. Over-watering can cause more damage to plant materials than under-watering and can 

damage streets, curbs, other paving and building foundations.  
 
Operation and Maintenance Options 

 Periodically review all landscape service and maintenance agreements to incorporate high 
priority for water, chemicals and energy conservation.  Consider incorporating a performance 
standard for water use and other parameters into contracts.  Encourage landscape contractors 
to report and fix problems. 

 
 Consider installing an irrigation meter to measure the amount of water applied to the 

landscape.  Some water utilities offer an interruptible rate for the service or will provide a 
credit to the sewer charges.  

 
 Verify that irrigation schedule is appropriate for climate, soil conditions, plant materials, 

grading, and season. Water only in the early morning to minimize evaporation.  This will 
maximize the effectiveness of watering while minimizing the amount of water used and the 
opportunity for fungus growth.  Generally, it is better to water deeply less frequently than to 
water lightly often.   

 
 Recirculate water in decorative fountains, ponds and waterfalls and shut off when possible to 

reduce evaporation losses.  Check water recirculation systems annually for leaks and other 
damage.  Consider using nonpotable water in these systems. 

 
 Monitor irrigation systems for effectiveness.  Make sure sprinkler heads are placed and 

adjusted so that they will water the landscape, not the pavement. Water plant roots, not 
trunks or leaves.  Check for dirty or broken emitters.  Verify that irrigation system pressure is 
within manufacturer specifications.  Make sure replacement emitters match existing 
equipment. 
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 Alternate your turf mowing height between low and high levels.  This encourages roots to 

grow deeply and helps make plants more able to go longer between watering. Keep the 
irrigated landscape weed free so that valuable water is consumed only by decorative 
landscape.  Mulch also helps reduce weed growth. 

 
 Make sure all handheld hoses have shut-off nozzles. 

 
 Establish user-friendly method to report irrigation system problems and fix them 

immediately.   
 
Retrofit Options 

 Install an irrigation timer to appropriately schedule sprinkler use. Verify that emitters are 
appropriate to the plants being irrigated. Use low flow sprinkler heads instead of turf 
sprinklers in areas with plants, trees or shrubs. 

 
 Use a soil tensiometer or other sensor to determine when the soil is dry and gauge the 

amount of water needed.  If using a variety of automatic controls, make sure they have a 
manual override feature and that you use it.  This way, if it rains, you can cancel your next 
watering.  Rain sensors can also be installed to shut off automated irrigation systems when it 
is raining. 

 
 Select climate appropriate turf, trees, shrubs and ground cover.   

 
 Eliminate "strip grass" to the greatest extent possible. Small strips of grass, common in 

parking islands and between sidewalks and the roadway are hard to maintain and difficult to 
efficiently water, use bushes, mulch, colored tiles, instead. 

 
Replacement Options 

 Install irrigation systems that have controls or sensors 
 

 Use a trickle or subsurface irrigation system that is installed underground and provides water 
directly to the roots, preventing water loss from evaporation and run-off. 

 
 Use water from other systems such as once through cooling systems, cooling tower bleed off 

or other nonpotable sources such as reclaimed water, or gray water, where environmentally 
appropriate. 

 
 Replace or install entire landscape with climate appropriate, water-efficient materials and an 

efficient irrigation system.  
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BMP # 4 – Toilets and Urinals   
 
Background 
The United States uses about 4.8 billion gallons of water every day to flush waste. Since toilets 
and urinals account for nearly one third of building water consumption, the potential for savings 
in this area is significant.  Unless your facility is relatively new or has been refurbished recently, 
chances are that your toilets and urinals are consuming too much water.  Current Federal law 
requires that residential toilets manufactured after January 1, 1994 must use no more than 1.6 
gallons per flush (gpf).  Commercial toilets manufactured after January 1, 1997 must use no 
more than 1.6 gpf and urinals must use no more than 1 gpf.   
 
Ultra-low flush fixtures have been the topic of a great deal of discussion. When first introduced 
these fixtures were often judged to be inadequate. Unfortunately, the poor performance of early 
models continues to cast a cloud of doubt over the technology. However, ultra-low flush toilets 
have come a long way.  For instance, early modifications to flush valves to reduce the volume of 
water, without changing the bowls, led to many reports of clogging and double flushing.  As a 
result, national standards have been established to match tanks and bowls, and accommodate 
varying water pressure. Most surveys conducted to measure consumer satisfaction with ultra-low 
flush toilets have shown an acceptance or satisfaction rate of more than 80 percent. 
 
Operation and Maintenance Options 

 Establish user-friendly method to report leaks and fix them immediately.   
 

 When performing maintenance replace worn parts and adjust mechanisms to ensure that the 
water consumed per flush meets manufacturers' guidance. 

 
 Encourage cleaning or custodial crews to report problems. 

 
Retrofit Options 

 Retrofits for tank style toilets, such as displacement dams or bags may hamper overall 
operation of the toilet and increase maintenance costs, as they often have a short life span 
and require frequent replacement or adjustment.  Therefore, they may not be appropriate for 
many Federal facilities. 

 
 For flush valve style toilets, infrared or ultrasonic sensors can be used to automatically 

activate flushing, making it unwieldy for users to flush twice.  However, these devices need 
to be set properly to avoid multiple flushing.   

 
 Also early closure or valve insert or replacement devices can reduce flush volumes from 0.6 

to 2 gpf.  However, they often require frequent replacement or adjustment.  Therefore, they 
may not be appropriate for many Federal facilities.  

 
Replacement Options 

 Replace 3.5 to 7 gpf toilets, to maximize water savings, with valves and porcelain 
specifically designed to use 1.6 gpf.  Site specific evaluation of existing waste lines, water 
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pressure, distance, usage, settling, and types of users (e.g., employees, residents, occasional 
members of the public, and high visitor populations) is necessary to determine the 
appropriate models for a specific site.  Where appropriate, recycle used parts (crushed 
vitreous china can be used for roadbed materials), to minimize land fill impacts. 

 
 Replace urinals with models designed to use 1 gpf or install a waterless (no-flush) urinal.  

 
 In remote areas, consider replacing water using toilets and urinals with alternative 

technologies such as composting or incinerator toilets. 
 

 Consider nonpotable water for toilet and urinal flushing. 
 

 For specifics on this technology, consult with experts in the field. Your first resource should 
be your local or higher headquarters engineers, but do not overlook or rule out the benefits of 
input from experienced contractors or other Governmental agencies (e.g., DOE and FEMP). 
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BMP #5– Faucets and Showerheads 
 
Background 
Tremendous amounts of water and energy are wasted using water-inefficient faucets and 
showerheads. Federal guidelines mandate that all lavatory and kitchen faucets and aerators 
manufactured after January 1, 1994, must use no more than 2.2 gpm, showerheads must use no 
more than 2.5 gpm.  If your facility still uses older faucets and showerheads, there is a significant 
opportunity to save both water and energy costs. 
 
Operation and Maintenance Options 

 Establish user-friendly method to report leaks and fix them immediately. Encourage cleaning 
or custodial crews to report problems. 

 
 Test system pressure to make sure it is between 20 and 80 psi. If the pressure is to low, then 

low consuming devices won’t work properly, if its too high they will consume more than 
their rated amount of water. 

 
 Install expansion tanks, pressure reducing valves and reduce water heater settings, where 

appropriate, to prevent temperature and pressure relief valves from discharging water. 
 

 Correctly adjust and maintain automatic sensors to ensure proper operation. 
 

 Encourage users to take shorter showers. 
 

 Post energy/water awareness information to encourage conservation from users. 
 
Retrofit/Replacement Options 

 Install showerheads that achieve the 2.5 gpm and aerator or laminar flow devices that 
achieve the 2.2 gpm requirement. 

 
 Install temporary shut-off valves in faucets.  These valves cut off the water flow during 

intermittent activities like scrubbing or dishwashing.  The water can be reactivated at the 
previous temperature without the need to remix the hot and cold water. 

 
 Install automatic shut-off valves.  These can be operated by infrared or ultrasonic sensors, 

which detect the presence of someone’s hands and will shut off water when the hands are 
removed. However, these devices need to be set properly to operate properly. 
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BMP # 6 – Boiler/Steam Systems 
 
Background 
Boiler and steam generators are commonly used in large heating systems, institutional kitchens 
or in facilities where large amounts of process steam are used.  This equipment consumes 
varying amounts of water depending on the size of the system, the amount of steam used and the 
amount of condensate return. 
 
Operation and Maintenance Options 

 Develop and implement a routine inspection and maintenance program on steam traps and 
steam lines. 

 
 Maintain proper water treatment to prevent system corrosion and optimize cycles of 

concentration. 
 

 Develop and implement routine inspection and maintenance program on condensate pumps. 
 

 Use periodic quality assurance of boiler water treatment. 
 

 Regularly clean and inspect boiler water and fire tubes.  Reducing scale buildup will reduce 
the amount of blowdown necessary as well as improve the energy efficiency of the system. 

 
Retrofit Options 

 Install and maintain condensate return system.  By recycling condensate for reuse, water 
supply, chemical use and operating costs for this equipment can be reduced by up to 70 
percent.  A condensate return system also helps lower energy costs as the condensate water is 
already hot and need less heating to produce steam than water from other make-up sources. 

 
 Install an automatic blowdown system based on boiler water quality to better manage the 

treatment of boiler make-up water. 
 

 Add an automatic chemical feed system controlled by makeup water flow. 
 
Replacement Options 

 Replacement options vary depending on the size of the facility and existing equipment.  
Consider performing an energy audit to reduce heating load and ensure that the system is 
sized appropriately.  Reducing the size of the boiler system can reduce water requirements. 

 
 Always purchase the most life cycle cost-effective boiler available for new installations or 

major renovations.   
 

 Consider installing a small summer boiler, small distributed system or heat capture system 
for reheat or dehumidification requirements instead of running a large boiler at part load.  
Also consider alternative technologies such as heat pumps. 
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 For specifics on this technology, consult with experts in the field. Your first resource should 
be your local or higher headquarters engineers, but do not overlook or rule out the benefits of 
input from experienced contractors or other Governmental agencies (e.g., DOE and FEMP). 
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BMP # 7 – Single-Pass Cooling Equipment 
 
Background 
Single-pass or once through cooling systems provide an opportunity for significant water 
savings.  In these systems, water is circulated once through a piece of equipment and then 
disposed down the drain.  To remove the same heat load, single-pass systems use 40 times more 
water than a cooling tower operated at 5 cycles of concentration. The types of equipment that 
typically use single-pass cooling are: CAT scanners, degreasers, hydraulic equipment, 
condensers, air compressors, welding machines, vacuum pumps, ice machines, x-ray equipment 
and air conditioners.   
 
Operation and Maintenance Options 

 Provide proper insulation on piping, chiller or storage tank. 
 

 Inventory cooling equipment and identify all single-pass cooling systems. 
 

 Check entering and leaving water temperatures and flow rates to ensure that they are within 
the manufacturer's recommendations.  For maximum water savings, water flow rate should 
be near the minimum allowed by the manufacturer.  

 
 Keep coil loops clean to maximize heat exchange with the refrigerated enclosure. 

 
Retrofit Options 

 Add an automatic control to shut off entire system during unoccupied night or weekend 
hours.  This option should only be considered where shutdown would have no adverse 
impact on indoor air quality. 

 
 Modify equipment to operate on a closed loop that recirculates the water instead of 

discharging it. 
 

 Find another use for the single pass effluent, in boiler make-up supply or landscape irrigation 
and implement.  Note some equipment effluent may be contaminated such as degreasers, 
hydraulic equipment.  This effluent should not be used in boilers.  

 
Replacement Options 

 Replace the once through cooling systems with a multipass cooling tower or closed loop 
system. 

 
 Replace water-cooled equipment with air-cooled equipment or best available energy /water 

efficient technology. 
 

 For specifics on this technology, consult with experts in the field. Your first resource should 
be your local or higher headquarters engineers, but do not overlook or rule out the benefits of 
input from experienced contractors or other Governmental agencies (e.g., DOE and FEMP). 
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BMP # 8 Cooling Tower Management 
 
Background 
Cooling towers help regulate temperature by rejecting heat from air-conditioning systems or by 
cooling hot equipment.  In doing so, they use significant amounts of water.  The thermal 
efficiency, proper operation and longevity of the water cooling system all depend on the quality 
of water and its reuse potential.   
 
In a cooling tower, water is lost through evaporation, bleed-off, and drift.  To replace the lost 
water and maintain its cooling function, more make-up water must be added to the tower system.  
Sometimes water used for other equipment within a facility can be recycled and reused for 
cooling tower make-up with little or no pretreatment, including the following: 

 Water used in a once through cooling system 
 Pretreated effluent from other processes, provided that any chemicals used are compatible 

with the cooling tower system.  
 High-quality municipal wastewater effluent or recycled water (where available) 

 
Operation & Maintenance Options 

 Consider measuring the amount of water lost to evaporation.  Some water utilities will 
provide a credit to the sewer charges for evaporative losses. 

 
 Find out if conductivity is actually representative of your controlling parameter.  Depending 

on your water supply, the equipment being cooled and the temperature differential across the 
tower, your parameter may be hardness, silica, total dissolved solids, algae or others.  Once 
you determine the relationship between conductivity and your controlling parameter, set you 
blowdown valve to keep that parameter constant. 

 
 Install conductivity and flow meters on make-up and bleed-off lines. Meters that display total 

water being used as well as current rate of flow are most useful.  Check the ratio of 
conductivity of make-up water and the bleed off conductivity.  Then check the ratio of bleed-
off flow to make up flow.  If both ratios are not about the same, check the tower for leaks or 
other unauthorized draw-off.  Read conductivity and flow meters regularly to quickly 
identify problems.  Keep a log of make-up, bleed-off consumption, dissolved solid 
concentration, evaporation, cooling load, and concentration ratio. 

 
 Consider using acid treatment such as sulfuric or ascorbic acid, where appropriate.  When 

added to recirculating water, acid can improve the efficiency of the water by controlling 
scale buildup created from mineral deposits.   Acid treatment lowers the pH of the water, and 
is effective in converting a portion of the calcium bicarbonate, the primary cause of scale, 
into the more readily soluble forms. Make sure that workers are fully trained in the proper 
handling of acids.  Also note that acid overdoses can severely damage a cooling system, so 
use a timer and add acid at points where the flow of water is well mixed and reasonably 
rapid.  Also beware that lowering pH may mean you may have to add a corrosion inhibitor. 
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 Select your chemical treatment vendor with care.  Tell vendors that water conservation is a 
high priority and ask them to estimate the quantities and costs of treatment chemicals, 
volumes of bleed-off water and the expected concentration ratio.  Keep in mind that some 
vendors may be reluctant to improve water efficiency because it means the facility will 
purchase fewer chemicals.  In some cases, saving on chemicals can outweigh the savings on 
water costs. Vendors should be selected based on "cost to treat 1000 gallons makeup water" 
and highest "recommended system water cycle of concentration.” 

 
Retrofit Options 

 Install a sidestream filtration system that is composed of a rapid sand filter or high-efficiency 
cartridge filter to cleanse the water.  These systems draw water from the sump, filter out 
sediment and return the filtered water to the tower, enabling the system to operate more 
efficiently with less water and chemicals.  Sidestream filtration is particularly helpful if your 
system is subject to dusty atmospheric conditions. Sidestream filtration can turn a 
troublesome system into a more trouble-free system. 

 
 Install covers to block sunlight penetration.  Reducing the amount of sunlight on tower 

surfaces can significantly reduce biological growth such as algae. 
 

 Consider alternative water treatment options such as ozonation or ionization, to reduce water 
and chemical usage.  Be careful to consider life cycle cost impact of such systems. 

 
 Install automated chemical feed systems on large cooling tower systems (over 100 ton). The 

automated feed system should control blowdown/bleed-off by conductivity and then add 
chemicals based on makeup water flow. These systems minimize water and chemical use 
while optimizing control against scale, corrosion and biological growth. 

 
Replacement Options 

 Get expert advice to help determine if a cooling tower replacement is appropriate.  New 
cooling tower designs and improved materials can significantly reduce the water and energy 
requirements for cooling.  However, since replacing a cooling tower involves significant 
capital costs, the facility manger should investigate every retrofit and O&M option available 
and compare their costs and benefits to a new tower.  For specifics on this technology, 
consult with experts in the field. Your first resource should be your local or higher 
headquarters engineers, but do not overlook or rule out the benefits of input from 
experienced contractors or other Governmental agencies (e.g., DOE and FEMP). 
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BMP # 9 – Miscellaneous High Water-Using Processes  
 
Background 
Many other high water using processes are found at federal facilities, including kitchens and 
food processing, cleaning/laundry services, laboratories, fish hatcheries and other environmental 
uses, Treasury production, and so on.  High water using processes should be identified and 
analyzed for potential water and energy efficiency improvements. 
 
Operation and Maintenance, Retrofit, and Replacement Options 

 Consider metering or otherwise measuring the amount of water used in high watering 
processes.   

 
 Get expert advice to help determine if water efficiency improvements are appropriate. New 

system designs and improved materials can significantly reduce the water and energy 
requirements.  However, since this may involve significant capital costs, the facility manger 
should investigate every retrofit or O&M option first.  Your first resource should be your 
local or higher headquarters engineers, but do not overlook or rule out the benefits of input 
from experienced contractors or other Governmental agencies (e.g., DOE and FEMP). 

 
New Facilities Construction and Major Renovations 

 Efficient water use should be considered and implemented where appropriate in the design 
and construction of all new federal facilities.  
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BMP # 10 – Water Reuse and Recycling 
 
Background 
Many facilities may have water uses that can be met with nonpotable water.   Due to unclear 
terminology, several entirely different water reuse concepts are often confused.  Some of these 
concepts and appropriate uses include: 
 

 Filtered but otherwise untreated water, which can often be easily reused onsite for 
nonpotable uses without being discharged to the wastewater system. Examples include using 
rinse water from laundries or car washes for the next wash process, or cooling tower 
condensate distributed for adjacent landscape irrigation. 

 
 Wastewater that is treated to meet high standards at a wastewater treatment plant can then be 

redistributed for nonpotable uses.  Pursuant to health regulations established under the Clean 
Water Act and various States' regulations, this water is allowed for nonpotable uses, 
including landscape irrigation, decorative water facilities, cooling towers and other industrial 
processes, fire sprinkler systems, and as flush water for toilets and urinals.  Although 
treatment and distribution of this water can be expensive, it is usually cost-effective when 
compared to the costs to develop additional potable water supplies.   

 
 Water from showers/baths and clothes washers (not used to wash diapers or process food), 

which can be used for landscape irrigation.  Use of this water at Federal facilities is generally 
not recommended because of high capital costs and health and safety issues. 

 
Operation and Maintenance, Retrofit, and Replacement Options 
As described in other BMPs, potential nonpotable water use should be identified while reviewing 
current water use practices.  The use of nonpotable water is generally most cost-effective when 
included in the design of new facilities. 
 
For specifics, consult with experts in the field.  Your first resource should be your local or higher 
headquarters engineers, but do not rule out the benefits of input from experienced contractors or 
other Governmental agencies (e.g., DOE and FEMP). 
 
Water Management References 
 
Water Management: A Comprehensive Approach for Facility Managers, General Services 
Administration, http://www.gsa.gov/pbs/centers/energy/water.htm 
 
Military Handbook 1165: Water Conservation, Naval Facilities Engineering Service Center; 
http://www.afcesa.af.mil/Directorate/ces/Civil/Water/Water.htm or http://energy.navy.mil/key-
areas/WaterWeb.html 
 
Roadside Use of Native Plants; Federal Highway Administration; environment@fhwa.dot.gov 
 



  

 V-17

A Water Conservation Guide for Commercial, Institutional and Industrial Users, New Mexico 
Office of the State Engineer; (800) WATER-NM 
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Appendix W:  Water Audit Survey Forms 
 

Water Audit – Points of Contact 
 

FACILITY NAME  

KEY PERSONNEL Name Phone Fax 

Facility Director    

Engineering Manager    

Utility Manager    

Water Distribution Foreperson    

Water Treatment Foreperson    

Waste Water Treatment Plant 
Foreperson 

   

Energy (Water) Manager    

Irrigation Supervisor    

TOP TEN WATER USERS 

1    

2    

3    

4    

5    

6    

7    

8    

9    

10    

MAJOR CONTRACTORS 

    

    

    

    

    

REMARKS ______________________________________________________________________________ 
________________________________________________________________________________________ 
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Water Audit – Source Water 
 

 
SOURCE OF WATER 

Pumped/ 
Purchased 

Aquifer Name or 
Supplier 

Prior Year 
Consumption 

 
Metered? 

Source 1     

Source 2     

Source 3     

Source 4     

COST OF WATER Source 1 Source 2 Source 3 Source 4 

Pump     

 Electricity     

 Aquifer Extraction Fees     

 Well 
Certifications/Permits 

    

 Labor     

Purchase     

Processing     

 Labor     

 Electricity     

 Softener Salts     

 Water Sampling     

Distribution     

 Maintenance     

 E/S Repairs (Breaks)     

 Water Meter Reading     

Chlorination     

 Flushing     

 Back Flow Testing     

Heating     

ACTUAL COST MARGINAL COST 

REMARKS ______________________________________________________________________________
________________________________________________________________________________________  
________________________________________________________________________________________  
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Water Audit – Cooling Towers 
 

 
IDENTIFICATION 
Unit Number________________________________  Location __________________________________  
Serving __________________________________________________________________________________  
Capacity/Tons_______________________________  Concentration Ratio _________________________  
Manufacturer _______________________________  Model ____________________________________  
Process/HVAC ______________________________  Hours/day _________________________________  

MAKEUP 
Water Source _______________________________  Meter Number______________________________  
Backflow protected___________________________  Pretreatment _______________________________  
Consumption Daily___________________________  Annual ___________________________________  
Makeup Conductivity _________________________  Compressed Air Available ____________________  

CHEMICAL TREATMENT 
Biofouling Chemicals_________________________  Annual Cost _______________________________  
Descale Chemicals ___________________________  Annual Cost _______________________________  
Method of Control ___________________________ 

FILTRATION 
Type: Side Stream / Full Flow ______________________________________________________________  

BLOWDOWN 
Control Type: Conductive / Timer / Fixed Rate ________________________________________________  
Conductivity ________________________________  pH Level __________________________________  
Bleed off: Daily _____________________________  Evaporation________________________________  

LABOR 
Maintenance Labor hours ______________________  Cleaning Labor hours ________________________  

Sketch Layout on Back of Form 
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Water Audit – Boiler/Cogeneration 
 
 
IDENTIFICATION 
Unit Number____________________________   Location _____________________________________  
Serving ________________________________   Type: Steam / Hot Water _______________________  
Fuel Type ______________________________   Capacity ______________________________________  

FEED WATER 
Water Source ___________________________   Meter Number _________________________________  
Consumption Daily_______________________   Annual ______________________________________  
Type of treatment __________________________________________________________________________  

BLOWDOWN 
Amount________________________________   Method of Control ______________________________  

CONDENSATE 
Metered________________________________  
Amount Daily ___________________________  
Annual ________________________________  

COGENERATION 
Type: Turbine Diesel Boiler__________________________________________________________________  
Manufacturer and Model ________________________________________  kW_____________________  

REMARKS ______________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
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Water Audit – Landscape Irrigation 
 
 
IDENTIFICATION 
Area Description___________________________________________________________________________  
Meter Number ______________________________  Backflow Protected__________________________  
Manual / Automatic __________________________  Operator __________________________________  
Sensors Rain / Moisture _______________________  Square Footage _____________________________  
Water Source _______________________________  Annual Labor Hours _________________________  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Application Rate: 
 
 
 
 
 
 
 
 
 
 
REMARKS ______________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  

 

 Number/Type Summer Schedule Winter Schedule 
 of Fixtures Days/week Min/day Days/week Min/day 

Station 1      

Station 2      

Station 3      

Station 4      

Station 5      

Station 6      

Station 7      

Station 8      

Station 9      

Station 10      

 Winter Summer Total 

Inches    

K/gallons    

Cubic Feet    

Acre Feet    
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Water Audit – Facility Population 
 
FULL-TIME EQUIVALENT (FTE) EMPLOYEES  (For calculating water use) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REMARKS ______________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  

 
 
 
 

 Average # 

NASA  

Contractor  

Military  

Other  

  

  

TOTAL  
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Water Audit – Wastewater and Reclamation 
 
 
How much effluent is processed?____________________________  gallons per: Day Week Month 

Capacity of the treatment plant?_____________________________  gallons per: Day Week Month 

Where is the secondary effluent discharged? 
________________________________________________________________________________________  

Is any water being processed for reclaimed purposes? 
________________________________________________________________________________________  

If Yes, how much and for what purpose: 
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  

Is there any open or pending discharge issues for quantity or quality? Yes No 

Has a Master Plan been developed for the sewage treatment plant? Yes No 

 
COSTS 
(The following section is to determine the actual and marginal cost of processing wastewater.) 

 Electricity cost: ____________________________________________ per: Month Year 

 Potable water: _____________________________________________ per: Month Year 

 Chemicals:________________________________________________ per: Month Year 

 Laboratory/Testing:_________________________________________ per: Month Year 

 Permit Fees:___________________________________________________________________  

 Discharge Fees: ________________________________________________________________  

 Labor, Operation and Maintenance: ________________________________________________  

 Solid waste disposal: ____________________________________________________________  
 
Reclamation Opportunities/Remarks _________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
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Water Audit – Building Survey 
 
 
IDENTIFICATION 
Building Number ____________________________  Type _____________________________________  

Location ___________________________________  Occupants (Total) __________________________  

Men ______________________________________  Women __________________________________  

Meter Number ______________________________  Annual Water Usage ________________________  

Process #1 _________________________________  Process #2 ________________________________  

Process #3 _________________________________  Process #4_________________________________  

Deep Sink (Qty.)_____________________________  Toilets (Qty.) ______________________________  

Urinals ____________________________________  Showers __________________________________  

Other _____________________________________  Other _____________________________________  
 
Sample Fixture Flow Rates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Wastewater _________________________________Recycled water use ______________________________  
(Sewer / IWTP / Septic / Other) (Toilets / Urinals / Cooling Tower / Irrigation) 
 
Remarks ________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  

 

 

Location Fixture Time Rate Location Fixture Time Rate 
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Water Audit – Industrial Processes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes ___________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  

 
 
 

 
Process 

Building 
Number 

Usage 
(gallons/day) 

Source 
of Water 

Effluent 
(gallons/day) 

Paint Stripping     

     

Spray Painting     

     

Metal Cleaning     

     

Metal Plating     

     

Autoclave     

     

Fume/Air Scrubbers     

     

Dynamotor     

     

Turbine Test Stands     

     

Water Pretreatment     

     

Reverse Osmosis     

     

Source Treatment Units     

     

Other     
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Water Audit – Wash Facilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes ___________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  

  

 
Wash Rack 

Building 
Number 

Usage 
(gallons/day) 

Source 
of Water 

Effluent 
(gallons/day) 

 
Separator 

Vehicle Wash      

      

      

      

      

      

Aircraft Wash      

      

      

      

      

      

      

      

      

Other Wash      
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Appendix X:  Xeriscape Water Consultation Checklist 
 

*Number in parenthesis is the maximum score for an item. 
 

Proper Planning & Designs (20) 
_____Plants grouped by water zones (5)  
_____Design meets' functional needs (5)  
_____Design preserves existing vegetation (5)  
_____Good use of shade (5)  
 
Soils Improvements (10)  
_____Soils test (5)  
_____Appropriate soil preparation (5)  
 
Efficient Irrigation (15)  
_____Doesn't irrigate (15)  
Irrigation System Design: 
_____Automatic System 
_____Portable System  
_____Watering between 9 p.m. & 9 a.m. (4)  
_____Irrigate to plant needs (4)  
_____Application rate (3)  
_____Effective system design (4)  
 
Practical Turf Area (10)  
_____Maximize functionality (4)  
_____Perimeter to Area ration (3)  
_____Turf selection (3)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Appropriate Plant Selection (15)  
_____Select appropriate plants for microclimate 

(10)  
_____Select plants to minimize maintenance (5)  
Mulch: 
_____Yes (2) _____ No (0)  
_____Depth 2” to 3” (1)  
Type of Mulch Used: 
_____Organic (2) ______Inorganic (1) 
 
Maintenance To Reduce Water Needs (25)  
_____Soil testing schedule (3)  
_____Irrigation system maintenance (3)  
_____Fertilization scheduling (3)  
_____Fertilization recommendations (3)  
_____Mowing program & practices (4)  
 
_____Pruning program & practices (3)  
_____Integrated Pest Management (IPM) (3)  
_____Mulch rejuvenation schedule (3)  

___________TOTAL Score 

100 to 90 = Excellent 
89 to 80 = Good 
79 to 70 = Fair 
69 or less = Needs Improvement  
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Recommendations: 
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  
________________________________________________________________________________________  

Water Consultant/Date:____________________________________________________________________  
Source: Georgia Water Wise Council, Inc., Marietta, GA 
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Appendix Y:  Sources of Information on Renewable Energy and Water Conservation 
 
American Forests  -  CITYgreen software  
P.O. Box 2000 
Washington DC 20013 
(800) 368-5748 
Internet: www.amfor.org 
 
Army Corps of Engineers Construction Engineering Research Laboratory (REEP) 
US Army CERL  
Attn: CECER-FLE 2902 Newmark Drive  
Champaign, Illinois 61826-9005  
(217) 373-3395/3397  
Fax (217) 373-3430  
 
American Institute of Architects 
202.626.7395  
Internet: http://www.aia.org 
 
American Wind Energy Association 
122 C Street, NW, Fourth Floor 
Washington, DC 20001 USA 
Phone (202) 383-2500 
Fax (202) 383-2505 
Internet: http://www.igc.apc.org/awea 
 
Department of Energy National Renewable Energy Laboratory 
1617 Cole Boulevard 
Golden CO 80401-3393 
(303) 384-7509 
 
Ecological Society of America 
2010 Massachusetts Avenue, NW 
Suite 400 
Washington, DC 20036 
Phone: (202) 833-8773 
Fax: (202) 833-8775 
Internet: http://esa.sdsc.edu 
 
Environmental Systems Research Institute 
380 New York Street 
Redlands CA 92373 
(909) 793-2853 
Internet: http://www.esri.com 
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American Water Works Association (AWWA) 
6666 West Quincy Avenue 
Denver, CO  80235 
(303) 794-7711 
http://www.awwa.org/ 
 
WaterWiser 
6666 West Quincy Avenue 
Denver, CO  80235 
(800) 559-9855 
http://www.waterwiser.org/ 
 
Association of Water Technologies (AWT) 
8201 Greensboro Drive, Suite 300 
McLean, VA  11102 
(703) 610-9012 
http://www.awt.org/ 
Cooling Tower Institute 
530 Wells Fargo Drive, Suite 218 
Houston, TX  77090 
(281) 583-4087 
http://cti.org/index.html/ 
 
USDA Forest Service  
P.O. Box 96090 
14th and Independence Avenue, SW 
Washington, DC 20090-6090 
(202) 205-1661 
http://www.fs.fed.us/ 

 
General Services Administration 
Centralized Mailing List Service (7CAFL) 
4900 Hemphill St. 
P.O. Box 6477 
Fort Worth, TX 76115 
(817) 978-8632 

 
General Services Administration, Energy Center of Expertise 
U.S. General Services Administration 
Public Buildings Service 
Energy Center of Expertise (PNE) 
1500 East Bannister Road 
Kansas City, MO 64131 
(816) 823-2691. 
http://www.gsa.gov/pbs/centers/energy/ 
 



  

Y-3 

International Ground Source Heat Pump Association  
482 Cordell South 
Stillwater, OK 74078 
(405) 744-5175 

 
International Society of Arboriculture Research Trust 
P.O. Box 3129 
Champaign, IL 61826-3129 USA 
(217) 355-9411 
http://www.ag.uiuc.edu/~isa/ISAResearchTrust/trust.html 

 
Lawrence Berkeley Laboratory 
Energy Analysis Program 
Energy and Environment Division 
1 Cyclotron Rd.  
Berkeley CA 94720 
(510) 486-4000 
 
National BioEnergy Industries Association  
122 C Street NW 4th Floor 
Washington DC 20001 
(301) 383-2540 
 
National Climatic Data Center 
Federal Building 
151 Patton Ave., Room 120 
Asheville, NC 28801-5001 
(704) 271-4994  
http://www.ncdc.noaa.gov 
 
Naval Facilities Engineering Service Center 
1100 23rd Avenue 
Port Hueneme, CA  93043-4370 
1-888-4-THE ESC 
http://www.afcesa.af.mil 
 
New Mexico Office of the State Engineer  
Information Management Systems Bureau 
New Mexico Office of the State Engineer 
Interstate Stream Commission 
P.O. Box 25102 
Santa Fe, NM 87504-5102  
(800) WATER-NM 
http://www.seo.state.nm.us/ 
 
Oak Ridge National Laboratories 
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P.O. Box 2008 MS 6070 
Oak Ridge, TN 37831-6070 
(423) 576-8176 
http://www.ornl.gov 
 
Society of American Foresters 
5400 Grosvenor Lane 
Bethesda, MD 20814-2198 
(301) 897-8720 
Fax (301) 897-3690 
http://www.safnet.org/ 

 
Solar Energy Industries Association 
122 C Street, NW 4th Floor 
Washington DC 20001 
(202) 383-2600 

 
Solar Rating and Certification Corporation 
122 C Street 4th Floor 
Washington DC 20001-2670 
(202) 383-2570 

 
Solstice - CREST 
1200 18th St. NW #900 
Washington DC 20036 
(202) 530-2232 
http://solstice.crest.org/renewables/ 
 
Sustainable Buildings Industry Council 
1331 H St. NW Suite 1000 
Washington DC 20005 
(202) 628-7400 
http://www.sbicouncil.org/ 
 
 

 


