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72-2.1 | NTRODUCTI ON

Thi s chapter provides an overview of the IHS energy managenent
program (EMP) and sunmari zes ot her docunents, guidelines, and
standards. This chapter and the IHS energy policy serve as a
framewor k for conducting the energy program Several conmon
activities have critical bearing on the program success. These

i nclude training, analyzing historical utility billing records,
conducting energy audits, analyzing energy conservation
opportunities (ECGs), and identifying supplenmental netering needs.

72-2.2 LEGQ SLATI ON

A ENERGY PERFORMANCE TARGETS

(1) Executive Order 12902 dated March 8, 1994, established
fiscal year (FY) 2005 an energy performance goal for
Federal buildings. Each agency nust devel op and i npl enent
a programwith the intent of reducing energy consunption
by 30 percent by the year 2005, based on energy
consunption per gross square neter of its buldings in use,
to the extent that these nmeasures mnimze life cycle
costs and are cost-effective in accordance with 10 CFR
Part 436. The 30 percent reduction should be neasured
relative to the 1985 energy use. This Executive O der
contains new requirements for Prioritization Surveys and
Conprehensive Facility Audits (see paragraph 72.2.5), and
t he use of Energy Savings Performance Contracts (ESPC)(see
par agr aph 72-2.2C).

(2) Energy Policy Act of 1992, Public Law 102-486, establishes
a conprehensive neasure to pronote energy efficiency in
federal facilities. It requires federal agencies to
install energy efficiency nmeasures in federal buildings,
directs utility regulators to encourage denmand-side
managenent (DSM progranms and ot her energy efficiency
i nvestnments, and establishes efficiency standards for
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HVAC, lighting and electric notors. It contains
provi si ons regardi ng energy nmanagenent requirenments, life
cycl e cost net hodol ogy, budget treatnent for energy
conservati on neasures,incentives for Federal agencies,
reporting requirenments, and new technol ogy denonstrations.
It anends the National Energy Conservation Policy Act
(NECPA) by replacing “Goals” with “Requirenents” for
reduci ng energy consunption rates in Federal buildings by
20 percent in use in the year 2000 fromusage rates in
1985.

(3) Executive Order 12759 dated April 17, 1991, established
fiscal year (FY) 2000 an energy performance goal for
Federal buildings. Each agency nust devel op and i npl enent
a plan to neet the 1995 energy nanagenent goals of the
Nat i onal Energy Conservation Policy Act, as anended, 42
U S. C 8251, etc. By FY 2000, agencies nust reduce the
overall energy use of kilojoule per gross square neter
(Btu per gross square foot) of the Federal buildings it
operates, taking into account utilization, by 20 percent
fromFY 1985 energy use levels, to the extent that these
measures mnimze life cycle costs and are cost-effective
in accordance with 10 CFR Part 436.

(4) National Energy Conservation Policy Act (NECPA) mandates
exi sting federal buildings to; establish and achi eve
energy performance targets for federal buildings, and
retrofit all federal buildings with 90 n? (1,000 square
feet) or nore by January 1, 1990, in accordance with
prelimnary energy audits conducted to i nprove efficiency
and to mnimze life-cycle cost.

(5) Federal Energy Managenent | nprovenent Act of 1988
est abl i shed energy perfornmance goals for Federal
bui l di ngs. The Act requires that each agency apply energy
conservation nmeasures and i nprove the design of new
construction such that the energy consunption per gross
square meter of its buildings in use in fiscal year (FY)
1995 is 10 percent |l ess than the energy consunption per
gross square neter in FY 1985. To achieve this goal and
identify high priority projects, each agency is required
t o:

a. Prepare or update a plan for achieving the 10 percent
reduction in energy use;
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b. Perform energy surveys of its facilities to the
extent necessary; and

C. Apply life-cycle costing (LCC) nethods in the design
of new buildings and in the selection of conservation
measures for existing buildings.

B. ENERGY- EFFI Cl ENCY STANDARDS

(1) Omibus Reconciliation Act of 1981 established buil di ng
standards in the Federal facilities program It requires
t hat energy-efficiency standards for Federal buil dings be
devel oped and di ssem nated to Federal agencies.

(2) Departnment of Energy (DOE) Standard was first issued in
Novenber 1988 and is voluntary for the private sector, but
mandatory for Federal buildings. The DCE Standard is a
slightly nodified version of the Anerican Society of
Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) /I'l  um nati ng Engi neering Society (IES) Standard
90.1. It was developed for new buildings, but it is
applicable as a cost-effective nethod for retrofitting
exi sting buildings when it is coupled with DCE's LCC
pr ocedur es.

These standards are expected to be used in the foll ow ng
way for any major building retrofit project:

a. Building will be audited to conpare the energy
efficiency of its walls, roof, HVAC equi pnent, and
ot her conponents with those specified for that
climate in the DOE Standard,;

b. Retrofit neasures necessary to bring the building
close to the DOE Standard woul d be subject to the net
benefit analysis of the LCC procedure to determ ne
the applicability of each energy-savings neasure.

The neasures would then be ranked according to the
savi ngs-to-investnent ratio (SIR) cal cul ation of the
LCC procedure; and

C. Retrofit plan would be devel oped to include those
measures that are cost-effective under the DOE LCC
pr ocedur es.
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C. ENERGY SAVI NGS PERFORVANCE CONTRACTI NG

(1)

(2)

(3)

Definition: Energy Savings Performance Contracting
(ESPCs) is a contracting nethod whereby the contractor
incurs "costs of inplenenting energy savi ngs neasures,
including at least the costs (if any) of providing energy
audits, acquiring and installing equipnent, and training
personnel, in exchange for a share of any energy savi ngs
directly resulting frominplenentati on of such neasures
during the termof the contract.

The ESPC shall provide that the contractor will incur
costs of inplenenting energy savings neasures, including
at | east the cost of making energy audits, acquiring and
installing equi pnent, and training personnel, in exchange
for a share of any energy savings directly resulting from
i npl enmentation of such neasures during the termof the
contract.

The ESPC shall provide that the contractor is responsible
for mai ntenance and repair services for any energy rel ated
equi pnent, including conputer software systens.

The ESPC shall be inplemented in a facility not to exceed
25 years.

Authority to Enter into a ESPC. Section 155 of the Energy
Policy Act of 1992 anmends NECPA, Sections 801 to 804,
relating to shared energy savings. Title VIII, Energy
Savi ngs Performance Contracts, Section 801, provides new

| anguage gi ving agencies the authority to enter into
energy performance contracts and describes the nethodol ogy
of contract inplenentation.

Steps Required to Inplenent an ESPC. Training will be
required for Engineering Services (ES) Project Oficers
and Procurenent Specialists, and Area offices Project
Oficers. They will be required to take training on
appropriate procedures and net hods for use by Federal
agencies to select, nonitor, and term nate contracts with
energy service contractors. ES would then take the
foll ow ng steps:

a. Select firnms froma |list prepared by the Secretary of
Energy, and request technical and price proposals
fromthese firnms;
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Select fromthe list of firnms the nost qualified
firm and provide energy savings services based on
techni cal and price proposals;

Permt receipt of unsolicited proposals from
qualified firnms, and require agency facility nmanagers
to place a notice in the Commerce Business Daily
announci ng they have received such a proposal and
invite other simlarly qualified firnms to submt
conpeti ng proposals; and

Enter into an energy savi ngs performance contract
with a firmthat is qualified.

(4) Benefits: The ESPC benefits are as foll ows:

a.

Energy audits can be perforned on IHS facilities at
no cost up-front.

The facilities will becone state-of-the-art. This
may force sonme facility managers or mechanics to
increase their skill |evel

Firmse will be fully responsible for designing,
installing, and nodifying all equipnment. As a
result, the success rate will be nmuch higher than in
the past. |In the past, the conm ssioning of direct
digital control (DDC) systens did not worked because
t here were many desi gners who | acked hands-on
experience and installers who were quick to issue
change orders. The ESPC nethod will elimnate sone
of the issues that goes with conventional contracts.

(5) Drawbacks: The ESPC drawbacks are as foll ows:

a.

I n nost cases, these energy audits will not neet the
requi renents of conprehensive facility audits set
forth by Executive Order 12902. Since these firns
are performng energy audits with no conpensation
upfront, they are likely will not spend the tine
and noney that woul d be necessary for a conprehensive
survey.

ESPCs have many hidden costs such as future service
contracts, training, government contracting and
proj ect managenent. The contracting and project
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managenent wi Il have significant inpact on the Area
and Service Unit workload. Training is other hidden
cost often overl ooked. For exanple, once a Building
Aut omati on System (BAS) has been properly designed,
programmed, and installed, the process of training
facility staff should start to enable themto

mai ntain the new systens. It takes a conbination of
avai l abl e staffing and trai nable people. O her

hi dden cost is to require a future BAS service
contracts. A new BAS nmay be beyond the facility
manager’s current and future capacity to nmaintain,
even with avail able and conpetent staff.

(6) Alternatives: Alternatives to Energy Savings Performance
Contracting are as foll ows;

a. The Agency is required by law to perform
conprehensive audits on 10 percent of Federal
facilities every year. The conprehensive audits wll
anal yze all facets of the energy consum ng systens
such as boilers, chillers, piping distribution, HVAC
el ectrical, and building envel opes. Energy
conservation opportunities will be identified and
life cycle cost nethods will be enployed to sel ect
and rank the nost effective opportunities. These
life cycle cost nethods should take into account
future service contracts.

b. If a facility is able to pay for these projects up-
front, a Facility Manager will not need to tap into
| HS prof essional resources and still be able to

achi eve energy savings.

D. UTI LI TY SYSTEM REBATE PROGRAMS

| HS Areas are authorized and encouraged to participate in
prograns to manage electricity demand conducted by gas, water,
or electric utilities. |If a proposed programsatisfies the
criteria which generally apply to other custoners of a utility
incentive program the Area may not be denied collection of
rebates or other incentives. An amount equal to 50 percent of
the energy and water cost savings realized by an Area shall,
subject to appropriation, renmain available for expenditure by
such Area for additional energy efficiency neasures which may
i nclude rel ated enpl oyee incentive progranms, particularly at
those facilities which energy savings were achi eved. Areas
shal |l establish a fund and maintain strict financial accounting
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and controls for savings realized and expenditures made with
the collection of rebates or other incentives.

LI FE- CYCLE COSTI NG (LCC)

Li fe-cycle costing nmethods and procedures as set forth in
10CFR, Part 436, Subpart A are to be followed by all Federal
agenci es, unless specifically exenpted, in evaluating the cost
ef fecti veness of potential energy conservation and renewabl e
energy investnents in federally owed and | eased buil di ngs.

The LCC nethodology is used as the primary criterion for

all ocating funding for energy conservation retrofit nmeasures to
exi sting Federal buildings.

For a brief description of the LCC nethods, refer to Section
72-2.6, Analysis of Energy Conservation Qpportunities,
paragraph D. For a conplete description of LCC nethods refer
to the followi ng nmanual s and software program

(1) Life Cycle Costing Manual for the Federal Energy
Management Program Call (202)586-5772 (no fee).

(2) Energy Prices and Di scount Factors for Life Cycle Cost
Anal ysis. Call (202)586-5772 (no fee).

(3) N ST "Building Life Cycle Cost" BLCC, software program
Call (202)586-5772 (no fee).

72-2.3 TRAI NI NG

A

ENERGY COORDI NATOR AND AREA FACI LI TI ES ENG NEERS

The Energy Policy Act of 1992, enacted Cctober 24, 1992,
requires all Federal agencies to "establish and maintain a
programto ensure that facility energy nmanagers are trained
ener gy managers." The Act defines a trained energy nmanager as
" a person who has denonstrated proficiency or who has
conpleted a course of study in the areas of:

(1) Building energy systens

(2) Building energy codes and applicabl e professional
st andar ds

(3) Energy accounting and anal ysi s

(4) Life-cycle cost nethodol ogi es
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(5) Instrumentation for energy surveys and audits

B. FACI LI TI ES MANAGERS

Facilities managers shoul d have wor ki ng know edge of the

foll ow ng

subj ect s:

(1) Fundanentals of building energy systens

(2) Appli

cabl e professional standards

(3) Energy accounting and anal ysi s

(4) Instrunmentation for energy surveys

C. TRAI NI NG SOURCES

(1) Periodicals and Bulletins

a.

Energy Design Update Newsletter. Call 1(800)888-8939
(fee @$150. 00/ year).

Federal Energy Managenent Program (FEMP) Focus, Bi -
monthly Bulletin. Call (202)586-5772 (no fee).

(2) Training Courses

a.

Ener gy Managenent Trai ni ng

Description: The short course is one and a half days
days designed for facility managers who are not
interested in passing a 4 hour exam adm nstered by

t he Associ ation of Energy Engineers. It is tailored
to nmeet the specific needs of the facility managers
and wi Il wusually consist of Codes and Standards,
Econom cs, Energy Audits, Electrical, Mechanical and
HVAC Systens, Control Strategies, and the Mii ntenance
Pr ogr am

The four day course covers all the necessary
technical training to prepare for a 4 hour exam

adm nstered by the Association of Energy Engi neers
(AEE). Those who pass the examare certified by AEE
as a Certified Energy Manager (CEM. The course
outline includes; Codes and Standards, Econom cs,
Energy Audits, Electrical, Mechanical and HVAC
Systens, Building Envel ope, Cogeneration, Procurenent

January 24, 1997
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of Fuel, Energy Managenent Systens, Contr ol
Strategies, Thermal Energy Sources, Lighting, and the
Mai nt enance Program The course involves a | ot of

cal cul ati ons.

An optional “Energy Managers Exant will be offered on
the day followi ng the course wwth no fee. For

assi stance, call Indian Health Service, Ofice of
Public Health, Division of Facilities and

Envi ronnment al Engi neering, at extension (301)443-
7998.

(3) Manual s and Books

a.

Architect's and Engi neer's Cuide to Energy
Conservation in Existing Buildings, Volune 1 - Energy
Use Assessnents and Sinul ati on Met hods, April 1990.
Call (202)586-5772 (no fee).

Architect/Engi neer’s Guide to Energy Conservation in
Exi sting Buildings, Volune 2 - Energy Conservation
Qpportunities, April 1990. Call (202)586-5772 (no
fee).

Life Cycle Costing Manual for the Federal Energy
Managenment Program Call (202)586-5772 (no fee).

Energy Prices and Di scount Factors for Life Cycle
Cost Analysis. Call (202)586-5772 (no fee).

ASEAM 5.0 User's Manual. Call (703)243-4900 (no
fee).

(4) Conputer Software Prograns

a.

NI ST "Building Life Cycle Cost" BLCC. Call (202)586-
5772 (no fee)

DI SCOUNT - Cal cul ates the present worth, future
worth, and annual values for any discount rate and
study period; Call (202)586-5772 (no fee).

A Sinplified Energy Analysis Method - Estinmates
energy consunption for new designs or renovations.
Call (202)586-5772 (no fee).

(5) Video Tapes

January 24, 1997
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a. Introduction to Life Cycle Costing and a nanual (60
mnutes tape) with a fee of $19.00 (shipping is
included with the cost). Call Video Transfer
| ncorporated @ (301)881-0270 or wite to 5709 B
Arundel Ave., Rockville, MD 20852.

72-2.4 ANALYSI S OF UTILITY DATA

A

PRI OR ENERGY STUDI ES

Most of the najor facilities in IHS have had energy assessnents
inthe md 1980's. The Area energy manager should collect this
information and make a list of those facilities that have been
audited, and the date of the audit. In addition, the |ist
shoul d i nclude those facilities that have not been audited.

Bl LLI NG RECORDS

The Areas should keep prior billing records dating back to
1985. The billing records should include the quantities of
energy consuned, the neter reading dates, and the utility rate
structures.

CLI MATOLOGE CAL SUMVARI ES

The Area energy manager and service unit facility manager
shoul d obtain climtol ogical sunmaries for each service unit

i ndi cating heating and cooling degree days and the daily

m ni mrum and maxi num tenperatures. The National Cimatic Data
Center collects data in 300 sites |ocated throughout the United
St at es.

SALI ENT CHARACTERI STI CS OF EACH FACI LI TY

The Area should collect and file salient characteristics and
docunents pertaining to the facility, such as the square neter
of the buildings; construction docunents; history of additions,
denolitions, or other changes in the building stock or tenancy;
central plant capacities and operation |ogs; and prior energy
studi es or conservation initiatives.

72-2.5 SCREENI NG FOR ENERGY- EFFI Cl ENCY OPPORTUNI Tl ES

A

Types of Enerqgy Audits for Buildings
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The first task to be undertaken when screening a facility (or
facilities) for energy-efficiency inprovenents is to assenble
accurate information on the facility's characteristics and on
conservation opportunities. The three types of audits that
shoul d be undertaken as discussed in this section.

These energy audits should fall into one of the three
categories or types:

(1)

Ranki ng or Wal k- Through Surveys - Each Area shoul d conduct
a ranking survey of all IHS-owned facilities. In
accordance wth Executive Order 12902 Section 302, this
survey shoul d have been conpleted for all facilities by
Novenmber 1995. The survey should be used to establish
priorities for conducting conprehensive facility audits.

a. The information to be gathered during the ranking
survey can be divided into four categories:
o Overall facility information
o | nformati on on maj or energy- using

syst ens/ equi pnent

° Types of systens/equi pnment contained in the
bui | di ng

o Energy billing data.

b. O particular inportance are the billing data, which
are used to calculate the energy use per gross square
neter (kJ/nt) or (Btu/ft?). These data can be
conpared with other facilities under study to focus
on the poorest perforners in the group. Also the
energy consunption per gross square neter for one
bui I ding can be conpared to others of simlar
function. The energy consunption per gross square
meter for one building can be conpared over tine to
note any significant changes.

C. Conducting a wal k-through audit of the building to
all ow the energy analyst to identify functional areas
or zones of the building that will be useful for the
next audit step. A zone consists of a portion of the
bui |l di ng that shares common features such as
operating schedule, thernostat set points, simlar
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| oads, type of HVAC system outside wall/roof
exposure.

d. | f possible, architectural, electrical, and
mechani cal systens contract drawi ngs shoul d be used
for zoning, ensuring that all updates to the systens
have been not ed.

e. Al so on the wal k-t hrough audit, a description and
| ocation of all major energy systens should be
obt ai ned, i ncludi ng HVAC equi pnent, lighting systens,

and control equipnment. Any other major uses of
energy in the building, such as conputers, |aundry,
food services, should also be noted. Additionally,
the fuel and energy usage of the equi pnent shoul d be
noted, if possible.

(2) Conprehensive Facility Audits - Each Area shoul d conduct
these audits based on a 10 percent of their facilities
every year. According to Executive Order 12902 Section
102, this audit is a survey of a building that provides
detailed information to allow an agency to enter into
energy performance contracts or to invite inspection and
bids by private contractor for direct agency funded energy
or water efficiency investnents.

a. While the priority survey nmay be conducted by the
bui | di ng manager, the conprehensive facility audit
may be done cost-effectively by a professional audit
conpany. The information gathered during this survey
Wl be used to nodel the energy use of the buil ding,
as well as to identify ECOs. The nodel used should
be able to show the effect of inplenenting various

ECGCs.
b. The audit-information is divided into the foll ow ng
five categories of types of data:
° Bui | di ng envel ope or shel
° Process | oads
o Heating, ventilating, and air conditioning
° Lighting and el ectrical systens
° Weat her
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(3) End-Use/Equi pnrent Audits - Each Area shoul d conduct the
end-use and equi pnent audits based on the foll ow ng:

a. The end-use/equi pnent audit shoul d be undertaken only
if the building audit shows a need for further
information on a particular ECO  For exanple, a
conplete boiler analysis nmay be identified as a need
in the building audit. |In nost cases, a professional
boil er expert or engineer will needed to performthis
audit. Simlarly, a professional HVAC engi neer wl|
be needed to eval uate the performance of the cooling
pl ant conponents.

b. Anot her nmet hod of gathering detailed data for sone
systens (e.g., lighting and electrical) is to provide
meter or nonitor the end-uses of energy in the
buil ding. This nethod allows the total energy use in
the building to be desegregated to a significant
degree. The netering of end-uses is very expensive
and tinme-consumng, and this is only undertaken if it
seens that significant savings will result fromthe
identification of ECGCs.

B. ENERGY CONSERVATI ON OPPORTUNI T1 ES ( ECOS)

Thi s paragraph provides a brief overview of Energy Conservation
Qpportunities (ECCs). Refer to the follow ng docunents for a
conpl ete description of ECGCs:

(1) Architect/Engineer's (A/E) Guide to Energy Conservation in
Exi sting Buildings, Volune 1 - Energy Use Assessnents and
Si mul ati on Methods, April 1990. Call (202)586-5772 (no
fee).

(2) A/Es Guide to Energy Conservation in Existing Buildings,

Vol unme 2 - Energy Conservation Opportunities, April 1990.
Call (202)586-5772 (no fee).

72-2.6 ANALYSI S OF ENERGY CONSERVATI ON OPPORTUNI Tl ES
(ECO

A. ECO Cat egory

An ECO may be realized either by inplenenting operation and
mai nt enance (O&\M) neasures or by incorporating avail able
technol ogies. The nost conmon ECOs found in existing buildings
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fall into one of the follow ng categories, each of these energy
conservation areas is briefly described bel ow

(1) Building Equi pment Operation - An enornous anount of
energy i s wasted because buil ding equipnment is operated
i nproperly and unnecessarily. Wen the building is not
occupi ed, the building systens should be turned off or
their operation nmust be reduced to minimum Dependi ng on
bui | di ng operations, the operating hours can be curtailed
during | ow demand for HVAC systens, water heating systens,
lighting systens, escalators and el evators, and ot her
equi prent and machinery. Care nust be taken to ensure
that the reduction in hours has no inpact on building
operations and systens.

(2) Building Envel ope - a) The amount of sensible and | atent
heat supplied to or extracted fromthe indoors to maintain
a confortabl e indoor environment is directly proportional
to the difference in tenperature and humdity between
i ndoors and outdoors. One ECOis to have the heating set
poi nts backward when the building is not occupied. Care
must be taken to ensure that the slight disconfort of the
occupants does not reduce their productivity; b) The
anount of energy is saved when the heat exchange between
the buil ding and the outside environnment is reduced and/or
solar and internal heat gains are controlled. The primary
way to reduce heat conduction through ceilings/roofs,
wal l's, and floors is by adding insulation. Another nmethod
is to install vapor barriers in ceilings/roofs and walls.
To control or reduce solar heat gains through the roof or
gl azing areas, a reflective surface or filmcan be used.
For glazing areas, the installation of interior or
exterior shading will also help control solar heat gain.
The installation of stormw ndow or nultiple-glazed w ndow
wi Il al so reduce heat conduction and radiation through
gl azing areas; and c) The anount of air infiltration or
uni nt ended entry of unconditioned air into the building
t hrough doors, w ndows, and other openings in the building
envel ope can result in large increases in heating and
cooling loads. Many air infiltration control strategies
are inexpensive and relatively sinple to inplenent. The
anount of energy can be saved by sealing vertical shafts
and stairways, caul king and weat herstri ppi ng doors and
w ndows, or installing vestibules and revol ving doors.

(3) HVAC Systens - The HVAC systens in the buildings are nade
up of energy conservation equi pnent that transforns
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(4)

(5)

(6)

(7)

el ectrical or chemcal energy to thernmal energy, and the
di stribution and ventilation systens that transport the
thermal energy and supply fresh outdoor air to the
condi ti oned space. Energy may be saved in HVAC systens by
reduci ng ventilation requirenents; inproving the
performance of space conditioning equi pnent such as

boil ers, furnaces, chillers, air conditioners, and heat
punps; using energy-efficient cooling systens; and
reduci ng the occurrence of reheating or re-cooling.

HVAC Di stribution Systens - The HVAC distribution systens
transport the heating and cooling fluids (generally air,
water, or steam fromthe central plants (chillers,
boilers, etc.) to the conditioned space. The systemis
made up of a network of pipes, ducts, fans, punps, grills,
etc. An energy is required by the fans and punps to
transport the working fluids. |In addition, thermal energy
is lost fromthe distribution systemby reducing heating
or cooling capacity. Consequently, ECGCs for distribution
systens fall into two areas: reduction of energy required
to transport fluids, and reduction of energy |osses during
transport.

Wat er Heating Systenms - The heating and distribution of
hot water requires |ess energy than space conditioning and
lighting. However, for some cases such as hospitals,
restaurants, kitchens, and | aundries, water heating
anounts to substantial energy consunption. Wter heating
energy is conserved by reducing | oad requirenents and
distribution | osses, and inproving the efficiency of the
wat er heating systens.

Lighting Systens - The lighting accounts for a significant
fraction of energy consunption in a building. The energy
is saved and the electric demand is | ower by reducing
illTumnation levels, inproving lighting systemefficiency,
curtailing operating hours, and using day lighting. The
reduction of lighting energy can al so i ncrease the energy
use of building heating and decrease cooling system
consunption, since internal heat gains are reduced.
However, this heat generated by lighting is often an
expensi ve nethod of heating a building. |If the building
cooling plant is to be replaced, inplantation of lighting
ECCs will reduce the required plant size.

Power Systens - a) The inefficient operation of power
systens stens mainly froma | ow power factor. Power
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factor correction is cost-effective when utility penalties
are inposed. Low power factors can be inproved with power
factor correction devices and high-efficiency notors.

Addi tional energy can be saved by snmaller and/or higher
efficiency notors, or by installing variabl e-speed notor
drives; b) The peak power demand can be reduced by | oad-
sheddi ng, or applying co-generation technol ogy. Load-
sheddi ng may al so reduce the total power consunption, as
wel |l as the demand. Co-generation systenms will increase
the use of on-site energy, but can also repl ace
electricity consunption wth | ess expensive fossil energy.
Al so, the waste heat fromthe co-generation equi pnment can
nmeet thermal | oads. Cool storage systens shift the
chiller demand to of f-peak periods, thus reduci ng on-peak
demand; and c) The eval uation of these ECOs requires a
determ nation of the building demand profile. Several
weeks of data gathering in 15-mnute intervals should be
taken with a recording neter. The neasurenents will be
taken both in the cooling and heating season. Most
electric utilities will provide this service at a nom nal
char ge.

Ener gy Managenent Control Systens - a) The energy can be
saved by providing an automatic control of energy systens
t hough the use of energy managenent and control systens
(EMCSs). Rising energy costs and decreasing prices for
conputers and m croprocessors have encouraged the use of
EMCSs. An EMCS can efficiently control the heating,
ventilating, air conditioning, lighting, and other energy-
consum ng equi pnment in the building. It selects optimm
equi pnent operating tines and set points as a function of
el ectrical demand, tine, weather conditions, occupancy,
and heating and cooling requirenents. The basic control
principles for building energy conservation are to operate
equi pnent only when needed; to elimnate or mnim ze

si mul t aneous heating and cooling; to supply heating and
cooling according to actual needs; and to supply heating
and cooling fromthe nost efficient source; and b) Several
conpani es manuf acture EMCSs, and new technol ogy is
continually being devel oped. EMCSs are very sophisticated
and it requires maintenance personnel to have an extensive
training to analyze and fully use this system Each
service unit should procure their EMCSs froma single
manuf acturer, even if this requires devel oping an sol e-
source justification.
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Heat Recovery/ Recl aim Systens - The heat recovery is the
reclamati on and use of energy that is otherw se rejected
fromthe building. Wen applied properly, heat reclaim
systens may be used to reduce energy consunption, as well
as peak power demand. The effectiveness of a heat reclaim
system for energy conservation depends on the quantity and
tenperature of the heat available for recovery, as well as
the application of the reclai med heat.

Energy Mbdel s

(1)

(2)

(3)

(4)

For detailed information, refer to the follow ng manual s
and software prograns:

a. ASEAM 5.0 User's Manual. Call (202)586-5772 (no
fee).

b. A Sinplified Energy Anal ysis Method software program
Call (202)586-5772 (no fee).

By using an energy nodel rather than manual techniques, it
offers the follow ng inprovenents accurately:

a. Bui | di ng paraneters can be precisely schedul ed.

b. The i npact of weather can be precisely determ ned.
C. Equi pnrent performance can be specified at part-1 oad.
d. Vari able interactions such as the effect of internal

I ighting reductions on heating and cooling | oads can
be cal cul at ed.

Bef ore personal conputers were used, building energy

anal ysts had limted choices of cal cul ati on nethods for
eval uati ng ECOs. They used manual cal cul ati on net hods and
nonogr aphs. Those nethods are sinple and require a | ow

| evel of effort fromthe user. However, those nethods are
not as accurate and conprehensive as automated net hods of
cal cul ati on.

Aut omat ed cal cul ati on net hods were usual ly avail abl e,
however, mainfrane conputers and their use was costly,
conplicated, and tine-consum ng. These nethods provided
much greater accuracy and coul d eval uate buil di ng energy
use hourly. Wth the availability of the personal

conput er, automated methods for anal yzing buil di ng energy
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becane accessible to a wi der range of building

prof essionals. Today, many software packages for

anal yzing buil ding energy are avail able for the personal
conput er.

A sinplified energy anal ysis nmethod (ASEAM is a nodel
used to analyze the effects of several of the ECOs

di scussed above. ASEAM is a nodified bin nethod program
for calculating the energy consunption of residential and
sinple comercial buildings. ASEAMruns on an | BM PC and
conpati bles with 256 kil obytes of nmenory and two di sk
drives. Like nost building energy anal ysis prograns,
ASEAM perforns cal cul ations in four segnents:

a. Loads - Thermal heating and cooling | oads (both peak
and diversified or average) are calculated for each
zone by nonth and by outside bin tenperature.

Li ghting and m scel |l aneous el ectrical consunption are
calculated in this segnent.

b. Systens - Thermal |oads calculated in the | oads
segnent are passed to the systens segnent which
calculates "coil" loads for boilers and chillers.

The system coil | oads are not equal to the zone | oads
cal cul at ed above because of ventilation requirenents,
| atent cooling, humdification requirenents,

econom zer cycles, reheat, mxing, etc. Sone
bui | ding energy requirenments are calculated in the
systens segnent (e.g.,heat punp and fan electricity
requirenments).

C. Plant - Al of the systens coil |oads on the central
heati ng and cooling plant equi pnent are then
conbi ned, and cal cul ati ons are perfornmed for each
central plant type. Plant equi pnent can al so inpose
| oads on ot her plant equipnment, such as cooling tower
| oads fromchillers and boiler |oads from absorption
chillers of donestic hot water. The pl ant
calculations result in nonthly and yearly energy
consunption figures for each plant type.

d. Econom c - Energy consunption fromall the building
end-use categories is then totaled and reported. |If
specified, the LLCs of the total energy requirenents
conbi ned with other paraneters, are cal cul ated and
reported. 1In the paranmetric and ECO cal cul ati on
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node, a baseline case may al so be conpare with
alternati ve cases.
The ASEAM programis recommended as the initial energy-use
assessnment tool for residential and conmercial buildings.
It is relatively sinple and inexpensive to use, and a good
program of accounting for the conplexities of energy use.

C SELECTI ON OF SUPPLENMENTAL METERI NG PO NTS

(1)

An under st andi ng of energy-use effectiveness is often
constrained by a |lack of data on energy system
performance. The neasurenents taken on a regul ar basis
are useful to assess energy-efficiency levels and the
effects of operational or design changes. These
measurenents may be continuous such as utility neters, or
may be for short periods of time such as conbustion
efficiency tests. Sone of the nost critical neasurenents
are listed bel ow

a. El ectrical consunption |evels by day of the week
(wor ki ng and non-wor ki ng days) and nonth of the year.

b. El ectrical demand | evel s by hour of the day and
season of the year.

C. Interior lighting levels, efficacy, and schedul es.

d. Interior tenperature |evels by hour of the day and
season of the year.

e. Chiller and boiler efficiency |evels under parti al
| oadi ngs.

f. Make-up water requirenents for steam and hot water
di stribution system

g. Exterior tenperature, humdity, and solar radiation.

h. Areas of heated, cool ed, and unconditioned space.

i Capacity ratings and hours of operation for major
equi pnent such as punps, fans, and street lighting
syst ens.

] . Thermal conductance (U val ue) of conditioned building
envel opes.
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(2)

(3)

LI FE

k. Sub-netered el ectrical consunption for major building
and equi pnrent | oads such as fans, punps, lighting,
and process equi prment.

l. Sub-netered hot water, chilled water, and steam
measurenents for individual buildings and/or central
pl ant headers.

m Hours of operation and other facility production/use
factors.

The costs of collecting and processing data are
significant barrier to scientific investigations of energy
use and conservation potential. The need for accurate
data nust be bal anced agai nst the higher costs of
col l ecting and processing. The devel opnents in energy
nmeteri ng and anal yses techni ques are reducing the

measur enent costs while inproving the quality and anount
of data available. Wile sonme nmeasurenents identified
requi re sophisticated equi pnent and skilled technicians,
others nmay be readily avail able fromthe buil ding
designers, servicing utilities, or the National Wather
Servi ce.

The energy anal yst nust verify the quality of the data
before incorporating themto an analysis. This requires
sone judgenent factor by the user on the conparison of
measur enents and/ or use of engineering cal cul ati ons.

Wil e errors cannot al ways be found, inaccuracies in major
items such as neter readings, notor capacities, square
meter cal cul ations, and nmeter nmultipliers and readi ng
dates found shoul d be corrected.

CYCLE COST (LCC) ANALYSI S AND RANKI NG PRAJECTS

(1)

(2)

The LCC net hod of econom c eval uation takes into account
all costs (design, system conponent, material,
practice,etc.) of a building over a given period of tine,
adjusting for differences in the timng of these costs.

The data on cost and savings froma project can be
conbined in a nunber of different ways to evaluate its
econom ¢ performance. For evaluating potential projects,
one or nore of the foll owm ng nodes of analysis are
required:
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a. Total Life Cycle Costs (TLCC) - TLCC is the sum of
al | significant dollar costs of a project
di scounted to present val ue.

b. Net Life Cycle Savings (NS) - NSis the decrease in
the TLCC of a building or building systemthat is
attributable to an energy conservation or renewabl e
energy project.

C. Savi ngs-to-lnvestnment Ratio (SIR) - The SIRis a
nunmerical ratio, the nunerator is the reduction in
energy costs, net of increased non-fuel operation and
mai nt enance costs; the denom nator is the increase in
i nvestment cost, mnus increased sal vage val ues, plus
i ncreased repl acenent costs.

d. Payback Period (PB) - The PBis the elapsed tinme
between the initial investnment and the tinme at which
cunmul ative savings in energy costs, net of other
future costs associated with the project, are
sufficient to offset the initial investnent costs.

The four nodes of anal yses are not equally suitable for
choosi ng anong alternative new buil di ng designs, for
designing and sizing projects for new and existing
bui |l di ngs, or for ranking available retrofit projects of
the existing buildings, or for ranking available retrofit
projects of their relative cost-effectiveness. For

i nstance, TLCC is generally for choosing anong alternative
designs for a new building, while SIRis best for ranking
retrofit projects according to their cost-effectiveness.

(3) Based on these analyses, priority is given to projects
wi th the highest LCC savings-to-investnent ratio. The
NECPA requires that changes in operations and mai nt enance
procedures have priority over measures requiring
substantial structural nodification or installation of
equi pnent. The energy-efficiency considerations shoul d
not adversely inpact the m ssion responsibilities of the
agenci es according to DOE standards.

(4) One of the first tasks of the energy managenent teamis to
determ ne the present energy end-uses and establish
achi evabl e goals for inproving energy efficiency. These
activities necessitate an accounting of energy flows and a
reasonabl e conpr ehensi ve understandi ng of the
characteristics of energy-using systens. Initial program
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i nvestnents shoul d be focused on identifying information
gaps, and carrying out energy-use survey and netering
proj ects.

(5) For a conplete description of LCC nethods refer to the
foll ow ng manual s and software program

a. Life Cycle Costing Manual for the Federal Energy
Managenment Program Call (202)586-5772 (no fee).

b. Energy Prices and Di scount Factors for Life Cycle
Cost Analysis. Call (202)586-5772 (no fee).

C. NI ST "Buil ding Life Cycle Cost" BLCC software
program Call 202)586-5772 (no fee).
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