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1. PURPOSE~) These Engi~f.iering Instructions (EI) are intended to 
provide guidance f~~~preparing feasibility studies for Total 
Energy (TE), Selective energy (SE) and Heat;~Pu.p (HTP) systeas. 
The BI is also intended to provide -procedural information for 
.&king the necessary studies and a standardized format for re­
porting results of these studies. The TE, SE, and HTP studies 
will be made concurrently. 

2. REPORTS 

2.1 The reports will identify. the project,:provide a general descrip­
tion and a location map of the facilities studied. Reports will 
segregate the TE, SE and HTP systems feasibility studies under 
separate subsections. Each subsection will be prefaced by a 
narrative summary of the conclusions and recommendations reached 
in that subsection. The remainder of each subsection will address, 
in 'an orderly fashion, all raw and supporting data, and methods 
used, including sources thereof, in arriving at the conclusions 
and recommendations. The report will also include the rationale 
for equipment and subsystem selection and rejection. 

2.2 Results of the studies will be documented and reviewed. Ten (10) 
copies of report and five (5) copies of back-up material will be 
forwarded to DAEN-MCE-U together with the recommendations of the 
District and Division. 

3. DEFINITION AND DESCRI?TION OF ENERGY SYSTEMS 

3.1 ,DEFINITION OF SYSTEMS 

3.1.1 CONVENTIONAL SYSTEM. A conventional system is any typical ene7gy 
system employed on military installations which uses cOlllDercial 
electrical power and generates steam or hot water in a central 
or self-contained energy plant. Chilled water for air condition­
ing may be generated in a central plant/and or decentralized in 
various buildings. 

3.1.2 TOTAL ENERGY SYSTEM. A total energy system is a concept of an 
on-site electrical power generating system arranged for maximum 
use of input fuel energy by using the waste heat for space heating, 
space cooling-and domestic water heating. Generally, a total 
energy system is compl~tely independent of commercial power. 

3.1.3 SELECTIVE ENERGY SYSTEM. A selective energy~\system is a concept 
where part (generally but not limited to 40 percent to 70 percent) 
of the required electrical power is generated on site by a 
generating system arranged for maximum use of input fUel energy 
by using the waste heat for space heating, space cooling and 
domestic water heating. The balance of the electrical 
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pOl'ler requirements is obtained from commercial sourcee,. 

~.1.4 HEAT PUMP SYSTEM. A heat PlUI1p system concept is a mod.fied 
air conditioning system ill which the refrigeration eql.,ipmen1 
is arranged in such a manner that it can be used eithE~ to 
cool or heat and/or do both simultaneously. The refrjgeratjon 
compres:-;or may he driven by an electric, motor or by a prime 
mover. 

:·~.2 nESCRIPTION UF TYPICM. '.I'O'!'L\L ENI:W:Y SYST1:MS 

J.2.1 DIESEL ENGINI: GENERkJ:()RS WITH Cl:N'fHALIZED HEATING AND COOLI~G 
SYSTEf-1S. Diesel TE Bystems will u:;ually consist of a number 
of diesel electric g(merator modules capable of JIl"i!etir g the 
peak electI'ical demand of the facility plus at least (Ile spare 
module for standby purposes. T1Je diesf!l engines are E'quippe d 
with heat :r'ecovery units. The an-site electrical gem'ratin~: 
equipment js combined with a celltral hf'ating and cooljng plE.nt 
which is e~sentially energizcd by ·the 1'ecovered waste heat 
from the (lj esel engines. The 'Antste hE'Ht is also used for 
heating the domestic hot '\later, and any recovered wast e heat 
frOO! this plant tJlat cannot be utilized is rejected te a coc·l­
ing tower. The fuel for the dil~sel en~;ines will be ej ther 
No.2 fuel oil, 2-D or l-D diesel fuel'oil, depending on avail­
ability at the si'te. In ·the event that" waste heat is in~uffi -
cient to sa-tisfy thermal demand. an aUXiliary boiler will be 
provided. The selection of diesel engine generators will be in 
accordanf'(~ with E'1.'L 1110-3-220. 

'3.2.2 DUAL-fUEL ENGINe GENEMTORS WI'TII CENTRALI7.ED HEATING AND 
COOLING SYSTEMS. The dual-fuel TE systems are essentially 
similar in design to the diesel total energy plants with the 
exception tllllt the engines are specially designed for simul­
taneous consumption of natural gas and diesel fuel. In the 
event of any shortage or interruption of the natural gas supply, 
the engines call be operated as full diesel engines on fuel oil 
alone. 

3.2.3 HIGH COMPRESSION Gl\S ENGINE GENr:RATORS WITH CENTRALIZeO 
HEATING AND COOLING SYSTEMS. The TE systems using high­
compression natural ~as engines are similar :in design to the 
diesel or dual-fuel p]ant:3. All diesel and dual-fuel engines 
are compression igni 1:ed. High compression natural gaH engines 
arc spark ignited amL opeJ:'ate eHsentially on natural ~':as. 
Howl~ver, tJ ICy can al~aJlJc arranged to operate on propane, 

.... butam! or JllullUi'aC"tUI'l!d ~ynthet"ic gases. 
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3.2. II- GAS TURBINE GENERAT<JtS WITH CENTRALIZED HEATIg; AND C<XLING 
SYSTEMS. Gas turbine TE systems will usuallyconaist of a 
number of gas turbine electric generator modules capable of 
meeting the pesk electrical demand of the facility plus at 
least one spare module for standby purposes. The fuel uaed 
in these gas turbines could be either distillate fuels, such 
as No. 2 fuel oil or jet fuels; or gas fuels, such a. natural 
gas or methane gas, etc. Where gas fuels are used, m,rovisions 
will be made for alternate di-stillate fuels. The wallte heat 
svailable from the gas turbines is recovered from the exhaust 
gases by means of a heat recovery uni t • The recovertitd heat is 
utilized for energizing the central heating and cool~;ng aystems 
of the TE plant. Because' of the relatively high oXY8~n content 
(about 17 .percent) of the exhaust gases of gas turbines, the 
heat recovery also can be fired with supplemental fuel. 

3.2. 5 STEAM TURBINE GENERATORS WITH CENTRALIZED HEATIR; AMD CO(J,ItI; 
SYSTEMS. The steam turbine TE systems are similar to the 
electric utility cOmpany plants where ate ... is generated i·n 
boilers and expanded in steam turbines to drive electrical 
generators. The steam turbines could be of either the fully­
condensing, non-condensing, or ste~ extraction type.. MOst 
of the "all steam" total energy systems use a variety of two 
or three types of steam turbines and utilize exhaust or ex­
traction steam for energizing the central heating and cooling 
systems. The fuel to fire the boilers will be either coal, 
fuel oil, or natural gas. Where gas fuels are ueed, p~visions 
will be made for alternate distillate fuels. 

3.2.6 COMBINED CYCLE GAS TUllBINES WITH STEAM mRBINE GENERATORS AND 
CENTRALIZED HEATING AND COOLING SYSTEMS. The combined cycle 
type of TE system usually combines the use of gas turbines 
with steam turbines, both driving electrical generators. The 
recovered waste heat from the gas turbine exhaust is used to 
generate steam that drives the steam turbines and is also 
used to energize the central heat and/or the cooling plant. 
All other features are similar to the gas turbine end the 
steam turbine types of total TE systems. 

3.2.7 

3.2.8 

CmtBINATION SYSTEM. Some designs of TE systems may benefit by 
combining more than one type of prime mover to generate. elec­
tricity. For example, gas turbines and diesel engines may be 
used in combination, where the daytime base load ia carr1e~ . 
on the gas turbine generators and the night load on amal\, 
diesel generators. Similarly, there could be a combination of 
steam turbines with diesel generatora. 

\\ 
1\ 

O'DIER BY·STEMS. Other optional systems may be considered pro­
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vided the sug~ested system i.s submitted to DA£N-MCE-l1 for 
approval before proceeding with the study. 

'Note: At least one example. hu1 not more thfln two eX;lmples 
of each type of the above described TE systems will lie 
studied. Selection of the types studied will he basf!d 
on the experience of the Archi tt!ct-Engineer (A, 'E) • 
Rationale for the selection of the types studif~d or 
not studied w ill be indieated in the, report. 

3.3 DESCRIPTION OF TYPICAL SELEC'fIVE eNERGY SYSTEMS. Selective 
Energy (SE) systems are similar in every respect to '1'E Hystemti. 
lIowpver. the installed ('apaci ty is sized to carry only .. portion 
(generally 40 to 70 pereent) of the facil i, ty loa,d. Exc(~pt wh.!re 
otherwise prohibited by existing criteria or local utility 
regulatory agreements, ponsideratlon may be given to parallel 
operation of both POWl'!' sources, wi th due regard given to eco­
nonics and the operating practicalities of the specjfic design 
proposed. N.ormally. however. nonparallel operation of hoth 
sources will be given prime considerati.on. When alternate 
sources of power for emergency purposes are required, the crj­
tical loa~s normally should be served by one power sour"e and 
the non-critical loads served by the other source. Wher.'e eco­
nomically feasible, some non-critical loads may be servl!d by 
the same source serving critical loads to pruvj de optimllm utili­
zation of the nominal equipment capacities selected to -ierve the 
critical loads alone. Provisions will be made in the system 
design to automatically shed non-.!ri tical loads and traJlsfer all 
critical loads from the cri.tical load source to the non-critieal 
load source in the event of failure of the critical load source. 
The descrip t i.on and defin.i tions outlined in paragraphs 'i. 2 are 
applicable also for SE systems. 

Note: At least one example. but not more thaT] two examples, of 
each type of the SE systems will be studied. 

3.4 DESCRIPTION OF TYPICAL HEAT PUMP SYSTEMS. Heat pump systems 
essentially ~1~'2' modified air conditioning systems where the 
ref~.i.,geratiori cycle or the equipment is arranged so that heat 
can be "received" and "rejected" from the working fluid and 
used either to cool or to heat and/or to do both simultaneously. 
Heat pump sy-;tems are particularly attractive for use in facil­
iUes where d relatively constant low level heat source is 
preserrt. Whey'e an amplt:~ supply,·of water' is available, the AI~ 
will ('ol1side'[, water'-to-,,,ater or w:!ter-tl)-air systems. [n 10-
~at i elT1S where wat<-!r supply is at iI premium. considerati,)n wil t 
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be given to the use of air-to-air systems. Where the chi.ller 
compressor :i. s drIven by etll in tern al f'omblls t i.OIl el1gi ne .i 11 stead 
of an electr.i.c motor. consideration will be ~jven to ret'laim.ing 
the waste heat from thE! prime muver to supplement the hOlt pUlIlp 
system. Where applicable, consideration will be given to the 
use of double-bundle condensers) thennal storage, 'and air. 
('ooled screw compressors or. centrifugal ,pompressors to balance 
the heHt.i.ng load. and to the use of waste heat supportec:! absorp} 
t i un I ~h illers to improve the heat balancE:' and to increase the 
r'cserve capacity of the water ch:illing plant. For detaj ls. reff!" 
to Clmpter 11, "Ilea t Pumps", ASIlRAE GUIDI: AND DA'I~A ROOK SYS1.'EMS-
1973. 

Note: At least one example. but not morE." than two examples of 
each ~f the above HTP Systems will be studied. 'J'he AlE 
will select the type of HTP system and equipment on which 
the study will be performed using his experience as a 
basis. Rationale for the selection of the system types 
and equipment studied or not studied will be indjcated in 
the report. 

IL IDENTIFICATION OF RELEVANT FACTORS. Before undertakjng c'n "1n­
depth" feasibility analysis, the following factors affecting 
economif's and plant efficieney will be considered. 

4.1 ARCIHTI-:CTllRAL CONSIDERA'l'IONS. 

'I. 1..1 R i ze of tht:' fae! i lity and prov.i si.ons fOl' future expans'j on. 

".1.2 r.nr!r~y plallt loeutiollill relaUoH to the fa(!ility to be" 
supported am] to tllf'~ s~lrroundlng buildin~s. 

'I .1 .3 The methods of construction 'and the architectural treatment 
of the energy pJ.ant wH.l be compatible with those of the 
main faci Ii ty Bnd will confonn to current c.ri teria. 

'1. 2 GE()(~RAPHICAI, CONSIDERATIONS. 

'1.2.1 Plant location (altitude, hill top. valley' seashore desert 
area, etc.). 

'1.2.2 Climi:ttic conditions (mild or extreme temperRtures J hi~',h and 
low pr.evail.ing winds and their severity, seismic consjderations, 
etc.) . ". 

" "2. ~ J\va i hlbi li ty of water for heRt sink. 

5 



~.3 DESIGN CONSIDERATIONS. 

~.3.1 Heating (temperatures and humidities). 

~.3.2 Cooling (temperatures and humidities). 

~.3.3 Ventilating (epecia1 exhaust or air change requirement.). 

~.3.~ Electrical (voltages, freqUencies, and power quality). 

~.3.5 Domestic Hot Water (temperature I pressure and maximum demand). 

q.3.6 Process Heat (steam for steri1i.ing, etc.). 

q.3.7 Thermal storage. 

IJ. q LOAD REQUIRB-tENTS AND NA'ruRE OF USAGE 

q.q.1 Identification of Building Usage. leaiatanc. of the Facility 
Engineer (FE) should be obtained to identify. building usage 
hours, etc. '11le load profiles will be prepared by the AlE. 

q.IJ.2 Thermal Demands (heating~ cooling and process loads) and 
Estimated Load Factors. 

q.~.3 Electric Demand and Estimated Load Factors. (See Appendix) 

~.IJ.IJ Thermal and Electrical Load Match. 

~. 5 SECONDARY ENERGY SYSTEMS DESIGN. 

~. 5.1 Thermal energy required (temperatures and pressures. steam, 
high temperature water~ etc.). 

q.5.2 Electrical characteristics required, (voltages, frequencies 
and power quality, etc.). 

q.5.3 Critical aspects of the facility and degree of reliability 
r~quired by the criticality of the thermal and electrical 
load. . 

q.6 PRIME ENERGY SOURCES (ELECTRICITY, NA'ruRAL GAS. OR J'UEL OIL, OR 
HIGH TEMPERATURE WATER 'OR STEAM FROM A CENTRAL ~'iING PLANT). 

~. 6.1 Availabili ty and reliabili ty (blackouts t brownouts. prollimi ty 
of the utility company plant). 

q.6.2 Cost arid charge rates (electric, natural gas·and fuel oils). 

6 



r 

.. 

... 

4.6.3 COIIpatibility of type, form and level of energy required by 
the facUi ty with energy available to be recovered frOil the 
priM IIOvers. 

4.7 UTILIZATION EFFICIENCIES 

4.7.1 Equi~nt (full load, pa£t load). 

4.7.2 Available heat recovery from prime movers (full load an~, part 
load) and/or heat of compression, etc. from refrigeration 
systems (percentage of beneficial utilization), 

4.7.3 Themal storage for hot or chilled water. 

S. COMPt1I'ERIZED TECHNIQUES FOR EVALUATION OF ENERGY SYSTEMS. There 
are several commer~ial computer programs available for conventional 
or total energy feasibility analysis, such as: 

5.1 E-CUBE. Originally deve loped by' the Group to Advance Total 
Energy (GATE), now'sponsored by the American Gas Association 
(AGA) and presently marketed by Control Data Corporation (CDC). 
Excellent for energy analysis' of'total energy an4 centralized 
heating and cooling plants. The program initially integrates" 
design point calculations of peak thermal and electrical loads 
and provides' a raalistic estimate of' the' hourly, monthly and 
annual energy requirements of'thebuilding~ Next, it determines 
the energy consumption of various types of systems Which may be 
used to meet those energy reqUirements. This progru essentially 
consists of three (3l. parts: (a) Part 1 -.Ene,rgy R~~l'l'llilents, 
00) Part 2 - Equipment Selection and Energy Consumption, and 
fc) Part 3 ... Economic COIIlparison. If the E ... CUBE cOliputer program 
is used, the A/E will only apply Part 1 and Part 2, Part 3 will 
be substituted, ,by use of the' Life Cycle Costing (LeC) procedure 
(See Appendix), 

5,1.1 Energy Requirements ... Part 1. The Energy' Requirement prograa 
estimates th.e amO\Dlt of energy required by the facility to 
provide the desired level of environmental control. It takes 
design point values for'various components of thermal load and 
the base component electric load, These are distributed over 
each hour of" the" year in accordance with dry bulb and dew 
point temperature variations, solar and cloud cover variations, 
and building use and operation schedules for various types of 
operational days. The program also evaluates the effects of 
thermostat setback and periodic system shutdown as well as the 
resulting thermal storage and lag effects. 

5.1.2 Equi~nt Selection and Consumption - Part 2. This program 
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detennines ac-6~al energy conswned by v~!.'ious,)pieces of 
equipment used ,to meet the hourly energy req\11rements as 
developed in the Energy program. It evaluates .. the operating 
characteristics l)f generator set, chilleT.'s, bolle~ and aux­
iliary el:J,Uipment,\and prints out a monthly Sl.IIIh8ry of the gas, 
auxilial'~Y fuel, ari~ electricity consmned; the peak electric 
denand;- the mnber \pf operating hours of eacl1 generator, 
chiller and boiler; ,and an evaluation of thermal energy usage. 

5.2 TRACE. This program i~i developed and ,marketed by Trane COIIIpany. 
The TRACE program COI1S£~ts of five mailor phases; load, deugn, 
syst~, . equipment . an~ ecpnom~c. Convilentional load input data ' : 
descrl.bl.ng the building ~md 1. ts thern1"u-time ch8l'act.ist~ 8ft. I 

determined. Weather data from a U.S.\\Weather Bu;reau tapI! .~s :' 
fed in next to simulate ac'tual weathet; candit1.ons. Lo.;·are; 
calculated by zone and by hour for a f\!1l1year. In the ,.aign·\ 
phase, the type mechanical system to b~\, tised is desc.P.l:bed. ,.' , 
this the program calculates tlle'i supply &~r quantities andsuppl, 
air dry bulb temperatures by zO:(1e. The ~ystem s:l.muil.atlO!' pha .. ·· 
then calculates hourly equipmeri,:t loads by: system, ua:tna ill tbe 
hourly building variables that ,affect system operatio~ '.l'h18, 
data is then fed to the equlp,nei1t \~imu1nti(,p phase, along w:Ltk 
a description of the equipment t() J.)~ used. In this p~e, the' 
total energy consumption iscalctaate,4 for e~ch utility type. 
If the TRACE program is employed, the economic part ~ill be 
eliminated and the LCC procedure s~stituted. 

5.3 MERIWETHER'S COMPUTER PROGRAMS. Thl~ Energy Systttn Analysis 
Series is a library of computer prog'rams developed by Ross F .• 
Meriwether and Associates, Inc. for hour-by-hour c8.lculations 
pf the annual energy consumption of various types of air"!'side , 
systems and mechanical plants. The major programs series con-
sist of: " 

5 .. 3.1 Energy Requirements Input Data Check (El1CK). A short progrl1Dl 
i:J to' read input data and provide a printout, on a unit aNa baa .... 

to help spot input errors. 

5 .. 3.2 Energy Requirements Estimate (ERE). A program to calculate 
hour-by-hour thermal and electrical loads fora building 
(01' building section) and to simulate the operation of the 
air distribution system in meeting these loads. 

5.3 .. 3 Total Coincident Requirement (TCR). A program to sum the 
hour-by-hour loads frOOl multiple ERE runs for various buildf. 
01' sections to find total system loads wj.th actual ~versity • 

5.3.4 ~Equipment Energy Consumption/B (EECIB). A program to simulate 
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the operation of the various pieces of equ!pnent 8S they re­
spond to loads :Unposed by the buUd1ng"s air-side &yst_ to 
find monthly and amwal energy oonSllllptitlln for the various 
systans being evaluated. If the Meriwether progr_ is uaed s 
the ECSB: part will be el.iminated and substituted by use Qf 
the LeC procedure. 

5.3.5 Monthly utility Cost,s (MOC). A progrlml to calculate the 
monthly and annuel e~ergy costs for each system usi.. the 
local utility rat~,~.'schedules. 

I( 

5.lf: AXCESS • Originall~\ deve.\oped by the Electric Energy AssqciatiOD 
(EEA), now'sponsored by t'be Edison Electric Institute (EEl). 
This progJ'am is very similar to TRACE and is primarily c~erned 
with analysis of secondary energy systems. 

5.5 OTHER PROGRAMS. There are nmaerous other programs, such as the 
IruD-MIUS '~SOP", t.he Postal Service's "GATX" s and those sponsoNd 
by Westinghouse Electric s Pittsburgh Plate Glass, Cate.rpillar 
Tractor, etc. Programs such as Automated Procedures for Engin­
eering Consultants (APEC) can only be used for limited applica­
tions like heating and oooling load calculations. 

6. PROCEIIJRAL STEPS FOR DETAILED ALTl:"aN&TIVE ENERGY SYSTEIIS AHAL~S. 
The following data must be assembl,,~d to proceed with a detallft 
system analysis. The AlE RUst p,4;!rform the following steps 'to·, 
provide the input for the selected computer progrlml: 

6.1 BASIC HEATING AND COOLING DESIGN DATA 

6.1.1 Summer and winter outside and inside design dry bulb (DB) and 
wet bulb (WB) temperafrures. 

Physical bull ding characteristics • Detennination of glass, 
wall, and roof areas; type of shadi.n[g; building orientation. 

, 1 

6.1.3 Total sumner design X'pad, MBTU/IIR p~~r ASIIRAE Guide. 
I' 11 

, iii 
6.1.1f. Winter design load, MllTU/IIR per ASHR,~ Guide. 

1\ 

6.1.5 1\ 
Electrical loads (KW dt~and), lightll~ s HVAC, etc. 

~.1.6 Domestic hot water, MBTll/HR. 

6.1.7 Process 1pads, MBru/HR. 
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6.2 BASIC FACILITY OPERATIONAL DATA 

6.2.1 Functions (i.e. administration, hospital, barracks, etc.) 

6.2.2 Operational data from consultation with local Facilities En­
gineer (FE) for typical day types, such as weekday, Saturday, 
Sunday, holiday, etc., and daily ,,!-se profiles with number of 
days each. (See Appendix for method of constructing the load 
profiles, Tables 1-8). 

6.2.3 Constl'llction of daily ~pad profiles. There are essentially 
three (3) demand profile estimat:f:,on methods: 

6.2.3.1 Metered profiles are those that have been developed for 8im~ 
ilar buildings. They will be used to the mLximum extent 
possible. 

6.2.3.2 The standardized profile is based on typical demand pJ!'Oi'ilea. 
(See Appendix for ~xamples and Figures 1 and 2). 

6.2.3.3 Derived p,~ofil€!. Using the above profiles to the extent 
possible, a load profile of the facIlity being studied will 
be derived by making a detailed analysis of the projected, 
peak, diversified demands , and the building operating ehal!'­
acteristics, throughout a 24-hour period. 
An error in the development of the load profiles could ma­
terially change the outcome of the study. 'Therefore, the 
analyst must strive to attain a high degree of accuracy in 
the development of the load profiles since these will be the 
basis of energy consumption calculations. Based on opera­
tional data developed by the AlE, develop the appropriate load 
pr.ofiles expressed in units suitable for the cOmpUter progrem 
selected. The following are required: 

6.2.4 Hourly people load profile. 

6.2.5 Hourly lighting load :profile. 

6.2.6 Hourly miscellaneous electric load profile. 

6.2.7 Hourly demestic hot water combined with process load-~rofile. 

6.2.8 
\\ . 

Cooling system shut-off hours in each month based on eaclic ,day 
type. 

6.2.9 Outside air and heating system shut-off in each month based 
on each day type. 

10 
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6,2,10 . Distribution of day type~ for each month, 

6.2.11 Number of hours' and degree of setback. temperature in each 
month. based on each day type. 

6.2.12 Additional profiles must be developed to reflect the difference 
that exists between'the normal working day and on Saturc -ls, 
Sundays or holi~ays • 

6.3 CLIMATIC DATA. Hourly local weather tape of computer programs, 

6.4 SECONDARY SYSTEM DESIGN DATA. Identify type of system used 
(double duct, fan coils', variable air volume, induction systems, 
etc.) and compile data that might affect performance of the 
primar, system which is supporting it. Modify computer input to 
take into account the effect of secondary system. Identify 
hp.ating and cooling media (air, w. ter, ste~m, temperature flow 
rates, etc.). 

6.~ CONVENTIONAL PLANT DESIGN DATA 

6.5.1 Operating schedule of equipment and all pertinent data. 

6.5.2 Perfo ... 'lDance curves 'wer full range of permissible operation 
input and output energy quantities and levels. 

6.6 COMMERCIAL ELECTRIC AND GAS DATA 

6.6.1 Availabi1ity/reliability of commercial power and gas equivalent 
to the conventional design~ also their terms and conditions and 
quality of power. The sources of fuel used by the local ut~.lity 
in generating commercial power wi 11 be shown. Plant capacities, 
classes of use (base load, peaking, etc.), and kWhr output for the 
previous year for each fuel source will be indicated in tabular 
form. Proposed fuel sources for future plant. additions will be 
indicated where available. 

6.6.2 Applicable electric and gas rates. 

6.6.3 Type and class of service used (i.e. firm or interruptible gas, 
heating value, etc.). 

6.7 FUEL OlL AVAILAIsILITY AND DATA 

6.7.1 Types of fuel oil available and heating value of each, 

6.7.2 Cost of fuel oils. 

6.7.3 Dependability of supply source. 

11 
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6.7.4 Delivery and storage conditions. 

6.8 DATA FROM SIMILAR EXISTING BUILDINGS 

6.8.1 Records of actual energy consumption and costs, monthly 
demand and energy; load profiles. 

6.9 DATA FROM EXISTING BASE CENTRAL ENERGY SYSTEMS 

6.9.1 Base electric power plants. Overall heat rate and cost/kWh. 

6.9.2 Base heating system. Description and operating cost data 
(steam or high temperature water). 

6.9.3 Base cooling system. Description and operating cost data 
(steam or electric). 

6.10 OPERATIONAL AND MAINTENANCE DATA 

6.10.1 Availability of skilled labor. (Contract : ope rat ion ad 
maintenance). 

6.10.2 Preventive maintenance schedule and pr?jected downtime due 
to preventive maintenance and equipment failure. 

6.10.3 Automation consideration (use semi and fUlly automat~d plant 
for this study). 

7. ANNUAL ENERGY REQUIREMENTS CALCULATIONS FOR 'nIE BUILDINGS TO BE 
SERVED 

7.1 Calculate the hourly, daily, monthly and annual energy require­
... wents with the help of one or more computer pro£"~ams described 

in paragraph 5, and based on the information compiled under 
paragraph 6.i to 6.10. 

7.2 Tabulate the annual energy requirements for heating, cooling, 
domestic HW and electricity (Tables 11 and 12). 

8. DEVEWPMENT OF ALTERNATIVE PRIMARY ENERGY SYSTnts. Based on the 
facility energy use requirements as developed in paragraph 7, 
alternative methods of satisfying these requirements will be 
investigated. Develop appropriate one-line conceptual flow diagraas 
for the conventional TE/SE systems under study. 

12 



9. EQUIPMENT USED IN ALTERNATIVE ENERGY SYSTEMS. As appJ.icable, 
the lVE will compUe the following data on all major equipnent 
of the alternative energy systems: 

9.1 EQUIPMENT DATA REQUINED. For power generating, "cooling, heating 
and auxilary equipnenti 

9.1.1 Maxinnun continuous rated output (KW or MBTU) •. 

9.1.2 Maximwn input required (KW or MBTU). 

9.1.3 Maximwn recoverable waste heat (MBTU). 

9.1.~ Input requirements from No Load to PUll Load (at l~ incre­
ment) position. 

9.1.5 Electrical accessories of the equipment (KW). 

9.1.6 Steam accessories (lIP).. Steam rate (MBTU). 

9.2 PCMER GENERATING EQUIPMENT TYPES. (See paragraph 3.2) 

9.3 COOLING EQUIPMENT TYPES 

9.3.1 Absorption chillers. 

9.3.2 Electrical motor driven chiller. 

9.3.3 Steam turbine driven chiller. 

9.3.~ Engine driven chiller. 

9.3.5 Heat pump (double-bundled condenser). 

9 • ~ 8HEATING EQUIPMENT TYPES 

9.~.1 Steam boilers. 

9.~.2 Hot water boilers. 

9.~.3 Exhaust heat recovery wrl:ts. 

9.~.~ Supplementary electric r~6istance heating elements. 

13 
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9.5 AUXILIARY EQUIPMENT 

9.5.1 Pumps. 

9.5.2 Cooling towers. 

9.5.3 Compressors. 

9.5.4 Fuel handling equipment. 

9.5.5 Ventilating fans. 

9.5.6 Heat exchangers .(~onverters, load balancing condenser). 

9.5.7 Thermal storage tanks. Hot or chilled water. 

9.6 ENVIRONMENTAL DATA 

9.6.1 Noise pollution. 

9.6.1.1 Interior noise. Equipment selection will conform with the 
Federal OSHA and other noise standards applicable to the 
facility. 

9.6.1.2 Exterior noise. The study will insure an ambient noise 
level not to exceed SSdb at &lY nearby building. 

9.6.2 Air, water and thermal pollution. The study will insure 
compllance with local requirements. 

9.7 GENERAL 

9.7.1 Procurement. The AlE will examine and discuss the methods by which 
prime-mover-driven generators, as well as theTEISE plant in its 
entirety, may be most,(iffectively procured. The discussion will 
reflect the advantages and disadvantages of government versus 
contractor-furnished procurement, including consideration for one 
and two-step procedures, conventional procurement, an~ other .ethods 
which may be employed. The report will incl'.de, based upon the 
discussion, a recommendation of the specific method of procurement 
proposed. Such method will effectively coabine confo1"llance to 
criteria; equipment efficiencies; equipment procure.ent lead-times 
versus programing, deSign, and construction schedules; fuel 
consumption guar~tees and penalities; equipment availability and 
prospective bidder competition; costs; and other factors 
considered pe~inent to ~he recommendation. 

,. 

9.7.2 Load Matching. Equipment proposed for electrical and thermal energy 
production will be sized to take advantage of available equi~nt 
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capacities required to most effectively serve inc.remental loads. 
Wherever practicable, multiple units of equal capacity will be 
employed, providing a reliability/availability at. least equal 
to that provided by the conventional system. Proposals ~o utilize 
only one baseload powering generating unit, supported by one peak­
ing uni.t, and one standby unit are unacceptable. ,Annual load 

: profiles indicating thermal/electrical load matching and equipment 
capacities proposed will be furnished with the report. 

9 .. 7.3 System, Description. For one system studied, a narrative, step-by­
step des'cription of system operation will be provided. The 
description will be supplemented by flow charts, graphs, or other 
aids, to 'permit the overall plant function to be readily under­
stood. 

9.7.4 Preliminary Approval. The options proposed for study will be 
submi~ted for review and approval to HQDA (DAEN-MCE-J) at the 
earliest phase of study development. The submittal will include 
a narrative which details the rationale for the selection of the 
options proposed and rejection of options not proposed for study. 

9.7.5 Costs developed in the report will represent programing costs, 
and wi~l.thus reflect in detail all administrative, deSign, 
escalation, and other factors assuciated with programing 
requirements. 

10. ENERGY DEMAND AND CONSUMPTION CALCULATIONS BASED ON PLANT DESIGN 
AND EQUIPMENT SELECTION 

10.1 MATCHING EQUIPMENT PERFORMANCE WITH THE ENERGY REQUIREMENTS. 
With the aid of the computer program selected and based on 
equipment performance and efficiencies at various loads, 
calculate the hourly energy consumption for the building to be 
served.' Match this with the hourly electrical and thermal load 
outputs of the TE/SE plant. 

10.2 ANALYSIS OF ANNUAL ENERGY CONSUMPTION AND CONVERSION TO SOURCE 
ENERGY. The annual energy consumption calculated in paragraph 
10.1 will be converted to source energy for a valid comparison 
of alternative energy system. "Source energy".is defined as 
the energy consumed to produce a given effect at the point of 
usage, and it includes the inefficiencies within the energy 
converSion, plant and the losses throughout the. distribution 
system. As·an example, a demand of 3413 BTU (for one KWH) at 
the "consuming end" in the form of electricity •. 's~e'am or hot 
water whotild require the following amounts of source energy in 

/JV '-::,rms of .c·oal, fuel oil or natural gas: . 
i \ 
},' .. j 

lO"'il~< /- One (1) KWH (3413 BTU) of electrical energy would require 
\_~r- 12,365 BTU of Source energy if power conversion efficiency 

were 30 percent and transmission losses whereS percent. 
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10.2.2 3413 BTU of ste .. or hot water would require 513~ BTU of 
source energy if boiler efficiency were 70 percent and 
distribution losses were 5 percent. 

10.3 After conversion to source energy, all the values will be 
tabulated so ,that a simple comparison can be made (Appmdix, 
Table 12). Indicate waste heat used in BTUs and percent ale 
of waste heat used. At this point the AlE will be able to 
deteraine the' most desirable system fro. an energy conservation 
viewpoint. 

11. DEVELO~NT OF INITIAL CONSTRUCTION COSTS. After cCllpleting the 
energy analysis for each alternate concept design~ an initial 
cost estiaate will be prepared for the facility as served by the 
conventional systea, and for the facility as served by each 
alternate systemstudiedji The AlE will not use the inca.ental or 
differential method of cost comparison. The total cost (c;urrent 
costs without any provision for inflation) for the facility using 
the conventional system will be compared to the total cost of 
the facility using the TE, SE or HTP systems. The initial 
cost estimating will be in accordance with the requirements of 
TM-5-800-2 and ER-4l5-345-42. 

12. ESTIMATING ENERGY COSTS. The following items are needed for 
energy cost estimations: 

12.1 Purchased electricity and lor natural gas applicable rate 
schedules and pertinent terms of service to ihclude various charges 
and adjustments. 

12.2 Fuel purchases. Types of fuels and unit costs. 

12.3 Fuel cost escalation. In preparing the necessary Life Cycle 
Cost studies, the fuel costs will be obtained from the Facilities 
Engineer and the differential cost growth rate (see Glossary) 
listed on the following page will be applied. Cost figures used for, 
the first year will be based on the anticipated beneficial occupancy 
date, and will be evaluated at a poiftt 6 months after BOD. 

Coal 

Fuel Oil 

Natural Gas & LPG* 

Electricity 

16 

5.0% 

8.0% 

8.0% 

7.0% 
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• 

. . 

*In .o~:t· cases, natural gas systems will be replaced with coal or 
fuel oil systeas; therefore the applicable rate for coal or fuel 
oil should ordinarily beased. Only where conversion is 
iapractic~le and for individual boilers or wara air furnaces 
under five Mega-BTU should gas be used. 

(See Appendix Tabe 13 (page A-36) and the Life Cycle Costing 
Instructions (starting on page A~28)). 

,;;-

13. ESTIMATING SERVICE CONTRACT OPERATING AND MAINTBNANCE COSTS:' 
INCLUDING LABOR AND MATERIALS. Establish realist'ic costs for 
operation and maintenance of alternate energy systems, assuaing 
a service operating type contract. 

14. DEVELOPMENT OF LIFE CYCLE COST ANALYSIS. After developing the 
initial construction costs, annual fUel costs and annual O&M 
costs, perform a Life Cycle Cost analysis for each system 
studied, in a~cordance with the procedures in the Appendix. 

15 • COMPARISCfi OF ALTERNATIVE SYSTEMS. Tabulate the results for 
Teview and comparison of alternative energy systeas in teras qf 
initial cost, energy consumntinn and ecnnomic feasibilitv. See 
Table 15 . 
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GLOSSARY OF TERMS 

Exhaust Heat Recovery: 

.. 

Firm Gas: 

Module: 

MBTU: 

lflB'ru: 

Source Energy: 

Primary Energy Systems: 

Secondary Energy Systems: 

~. 

r- , 

f 

l~" .. ,,, it 

The process of extracting heat from the 
working mediwn or mediwns, such as diesel 
engine exhaust gases, and transferring 
this heat to a source of water. air, etc • 

r " 

Natural gas that is supplied 365 days a 
year without intentional interruption 
or curtailment of supply for any period 
of time. 

In conventional central plants, as well 
as in total and selective energy plaJ lts , 
the term applies to any munber of i tnms 
of equipment, such as generato:t's, boilers, 
chillers, pwnps, etc., which al"e usuully 
part of a modular system. In ,1 modul.ar 
system each module capacity represents 
a percentage of the installed capacity. 
The term spare module refers to a s~and­
by unit. 

Thousand (103) British Thermal Units. 

Million (106) British Thermal Units. 

The energy consruned to produce a given 
effect at the point of usage. It in­
cludes the inefficiencies within the 
energy conversion plant and the losses 
throughout the distribution systems. 

Centralized heating, cooling and elec­
trical power generation systems in a 
single central plant. 

Heating, cooling, 
cal systems other 

A-l 

plumbing and electri­
than "a central plant 

Ii 

I b 
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Seai-Auta.atic Plant: 

Aqtomatic Plant: 

Differential Cost Growth 
Rate: 

within the building. 

An on-site electrical generating plant 
that requires the continuous presence 
of less skilled operators than required 
for manually controlled plants. These 
operators usually initiate operational 
functions by remote controls. They 
press buttons to start a generator set, 
to stop it, and to begin the sequence 
of automatic synchronizing in parallel 
and load sharing between generators. 
The load shedding is usually initiated 
by the operators by remote control and/or 
automatically. In the event the equipment 
malfUnction, the operators are alerted 
and if they take no action the units 
will shut down automatically. 

An on-site electrical generating plant 
that does not require the presence of 
any operators. The automatic plant is 
capable of operating continuously accord­
ing to a pre-programed schedule'. All 
starting and stopping of generating units 
are initiated automatically by sensing 
the load as demanded by the distribution 
system. Although the plant is fully 
automated, it is g~od practice on military 
bases to provide an\ !1ttendant trained to 
perform housekeeping duties and to main­
tain strict security. Because the 
attendant is not a qualified operator. 
the skill level will not have to be as high 
as required for manual or semi-autOillated 
plants. In the event of' any malfunction­
ing, the respective piece of equipme:!'1t 
will automatically be shut down and 
secured. 

The differer~tial cost growth rate is, the 
difference between the actual cost growth 
rate for a particular commodity (e.g. No. 2 
Fuel Oil) and the general cost growth rate 
the economy as a whole. 
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INSTRUCTIONS FOR 'DIE PREPARATION AND USE OF TABLES AND GRAPHS I . 

~D PROFILE TABLES. Tables 1 through 8 are typical sample tables 
to be "led by the AlE for the preparation of electrical and thermal 
load profiles, as required. These tables should be modified for the 
type of computer program selected • 

EXAMPLES 1 and 2 demonstrate simple methods by which typical daily 
load factors may be established. Daily electrica.l load fac10r helps 
to establish average fuel consumption of prime movers. It also 
determines the annual equipment utilization factor. 

FIGURES 1 and 2 have been based on the hourly demand columIJ.E; found 
in Examples land 2. The graphic presentation of daily load profiles 
is an aid to optimize the sizing of on-site generating modules. 

FIGURES 3 and 4- represent typical working day heating and cooling 
load profiles for an office building. 

~BLE 9 indicates the levels of temperatu~es and pressures at which 
waste heat is recoverable, as wel~ as the quantities of heat avail­
able from various prime movers. 

TABLES 10 through ll~ are typical sample tables to be utilized by the 
AlE for compiling results of the TE/SE and HTP studies. 
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DAY 

TYPE 

1 

2 

3 

ll-

S 

. ' .. 

TABLE - 1 

INTERNAL HEAT GAIN PROFILES - PEOPLE 

1 2 3 ll- S 6 7 
AM AM AM AM AM AM AM 

DAY TYPE 

1. Weekdays 
2. Saturday 
3. SWlday & Holiday 
lI-. Others 
5. " 

, 

PERCENTAGE OF DESIGN VALUES (0-100) 

a 9 10 
AM AM AM 

L--

11 12 1 2 3 ll- S 6 7 8 9 10 11 MID 
.AM NOO~ PM PM PM PM PM PM PM PM PM PM PM NIGHT : 

I 

-'--- l 

PERCENTAGE OF DESIGN VALUES (0-100) 

Hourly heat gains from people (sensible 
& latent), expressed in percentage of 
design load for each day type. 

-=-.-;:....~----
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DAY 

TYPE 

1 

2 

3 

4-

5 

• L. 

TABLE • 2 

L~ERNAL IlEAT GAIN PROFILES - LIGHTS (MBTU & KWl 

PERCENTAGE OF DESIGN VALUES (0-100) 

1 2 3 4- 5 6 7 8 9 10 11 12 1 2 . 3 4- 5 6 7 8 9 10 .11 MID 
AM AM AN ~ AM ~ AM AM AM AM AM NOON PM PM PM PM PM PM PM PM PM PM <!PM NIGHT 

,-~ 

DAY TYPE 

1. \'Jeekdays 
2. Saturday 
3. Sunday & Holiday 
4-. Others 
5~ 

)--1 
, 

P~ENTAGE OF DESIGN VALUES (0.100) 

Hourly hea~ gains from lights and 
electrical KW for lights, expressed 
as a percentage of maximum load for 
each day type. 

, 
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DAY 

TYPE 

1 

2 

3 

4-

5 

'> 
i. 

TABLE - 3 

MISCELLANEOUS ELECTRICAL LOAD PROFILES - ago 

PERCENTAGE OF DESIGN VALUES (0-100) I 

-. 

1 2 3 4- 5 6 7 8 9 10 11 12 1 2 3 4- 5 6 7 8 9 10 11 MID 
AM AM AM AM AM AM AM AM AM AM AM NOON PM PM PM PM PM PM PM PM PM PM PM NIGHT 

--

DAY TYPE 
1. Weekdays 
2. Saturday 
3. Sunday & Holiday 
4-. Others 
5. n 

, 

.-

~ • 

PERCENTAGE OF DESIGN VALUES (0-1001 

Hourly miscellaneous electrical load, 
expressed as percentage of maximum 
load for each day type. 

~ 
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DAY 

TYPE 

1 

2 

3 

If. 

5 

1 2 3 If. 5 6 7 
AM AM AM AM AM AM AM 

DAY TYPE 

1. t'leekdays 
2. Saturday 
3. Sunday & Holiday 
If.. Other 
5. " 

. '. 

TABLE - If. 

PROCESS LOAD PROFILES;;;.~ (MBTU) 
! \ 
; I 

"'--j 

PERCENTAGE OF DESIGN VALUES (0-100) .. 

8 9 10 11 12 1 2 3 If. 5 6 7 8 9 10 11 MID 
AM AM AM AM NOON 1M 1M 1M 1M 1M 1M 1M 1M 1M 1M 1M NIGHT 

I 

PERCE~GE Ol DESIGN VALUES (0-100) 

Hourly process (domestic hot water) 
loads, expressed as a percentage of 
maximwn load for eac: .. day type. 
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TABLE - 5 --
COOLIlG S,\'STEM SHUTOFF HOURS 

DAY JAN FEB MAR APR 

Tya; AM 1M AM 1M AM R.f AM Hot 

1 

2 

3 

q. 

5 -
DAY TYPES 

1. Weekdays 
Saturday 2. 

3. 
q.. 
5. 

Sunday & HDliday 
Other 

" 

MAY JUN JUL AOO SEP OCT NOV DEC 

AM 1M AM 1M AM 1M AM 1M AM 1M AM Hot AM 1tI AM H4 

, 

AM.. 10. of houl'S shutoff from midnight till noon. 
1M = no. of houl'S shutoff from noon till midnight. 
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DAY 

TYPE 

1 

2 

3 

lJ. 

5 

c:~'::;::::: 

TABLE - 6 

, . " 

011l'SIDE AIR & HEATING SYSTEM SIruTOFF 

~OURS/DAY 
P.A.SHUTOFF JAN FEB 

AM R-I AN EM AM 

DAY TYPES 
1. Weekdays 
2. Saturday 
3. Sunday & Holiday 
lJ.. Other 
5. n 

1M 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

AM 1M AM 1M AM 1M AM 1M AM 1M AM 1M AM 1M AM 1M AM 1M ~. 1M 

I 

! 

-

AM = no. of hours system shutoff from midnight till noon 
1M = no. of hours system shutoff from noon till midnight 
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DAY 

TYPE 

1 

2 

3 

4-

5 

• 

TABLE - 7 

NUMBER OF HOURS & DEGREES OF SETBACK TEMPERATURE 

NUMBER OF DEGREES THEIH>STAT SETBACK (NEGATIVE OR roSITIVE) 

HOURS/DAY 

. 
" 

O.A.SHUTOFF JAN FEB MAR APR NAY JUN JUL AUG SEP OCT NOV DEC 
-

AM IM AM I'M AM 

DAY TYPE 

1. Weekdays 
2. Saturday 
3., Sunday & Holiday 
4-. Other 
5. n 

I'M AM 1M ~l ft.l AN 1M AM I'M AM I'M AM 1M AM 1M AM 1M AM 1M AM 

- _ _ -- - -- ----i ---- -1..---,- --

Negative values indicate winter setback of thenmostat. 
POsitive values indicate summer setup of thennostat. 

1M 
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J 
MONTH 

1 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

S£P 

QCT\'.: 

NOV 

DEC 
- -

TABLE - 8 

DISTRIBUTION OF DAY TYPE 

DAY TYPE ", 

., 
2 3 ll- S 

TOTAL .. 
NtHJER OF 

DAYS 

31 

28 

31 

30 

31 

30 

31 

31 

30 

31 

30 

31 
- - - ,y types pe r month shou1d 

the total number of days in the month. 

·>'7 '1', 

• ~I 
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Time -

Midnight 
1 a.m. 
2 a.m. 
3 a.m. 
4 a.m. 
5 a.m. 
6 a.m. 
7 a.m. 
8 a.m. 
9 a.m. 
10 a.m. 
11 a.m. 
Noon 
1 p.m. 
2 p.m. 
3 " ,~l\i,m. 

4 p.m. 
5 p.m. 
6 p.m. 
7 p.m. 
8 p.m. 
9 p.m. 
10 p.m. 
11 p.m. 

I 
.J 

·' 

.. ' 

EXAMPLE - 1. 

TYPICAL OFFICE BUILDING 
DAILY LOAD FACTOR CALCULATIONS 

Normal Operating 
Danand as 

% of Peak Danand 

114-.5 
14.5 
14.5 
14.5 
114-.5 
14.5 
30.0 

""8."" 79.1 
96.7 
98.4 
98."" 
98.4 
96.7 
96.7 
96.7 
93.6 
7"".2 
56."" 
53.2 
50.0 
4-5.2 
2"".2 
17.7 

1,34-1.0 

Reduced Operating 
Danand as 

" 'of Peak Danand 

1"".5 
1lJ..5 
1"".5 
1"".5 
1q..5 
1q..5 
1q..5 
1q..7 
16.1 
16.1 
16.1' 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
1q..1'· 
17.6 
17.9 
1q..7 
1q..7 
1q..5 

371.3 

Daily Load Factor = 1,3""1.0 ~ 2 .... == 371.3 ~ 2q. 

=15.5" = 55. go~ 
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FIG - 1: 

100 
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70 
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J r\ , 1 

30 

20 I 
(. .,10-- ~-- -- -.- 1-0-.... ,#,. 

""~ .~ -10 

0 
12 2 lJ. 6 8 10 12 2 lJ. 6 8 10 12 

a.m. 
Time of Day-hr 

p.m. 

ELECTRICAL USE FOR A TYPICAL OPERATING DAY AND A TYPJCAL 
REDUCED LOAD DAY FOR OFFICE BUILDINGS. 

NOTES: 
Demand for day type - 1 
Demand for day type - 2 or 3 

TIle above load profile graph is based on the "Hourly Demand" 
columns shown in Example - I 
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Time -
Midnight 
1 a.m. 
2.a.m. 
3 a.m • 
... a.m. 
5 a.m. 
6 a.m. 
7 ,~.m. 

8 a.m. 
9 a.m. 
10 a.m. 
11 a.m. 
Noon 
1 p.m. 
2 p.m. 
3 p.m. 
... p.m. 
5 p.m. 
6 p.m. 
7 p.m. 
8 p.m. 
9 p.m. 
10 p.m. 
11 p.m. 

EXAMPLE - 2 

TYPICAL HOSPITAL 
DAILY LOAD FACTOR CALCULATIONS 

Nonna! Operating 
Danand as 

% of Peak Danand 

60.0 
60.0 
60.0 
57.7 
6 .... ... 
6 .... ... 
66.7 
8 ....... 
89.0 
89.0 
86.0 
89.0 
86.5 
8"'.5 
82.2 
82.2 
86.5 
89.0 
93.3 
86.5 
79.8 
77.8 
66.6 
60.0 

1,8"'5.5 

Daily Load F~ctor = 1,8"'5.5 ~ 2 ... 
= 77. (JJ~ 

A-l'" 

RedUced Operating 
, ·.Danand as 
" of Peak Danand 

C::;'\ 

S ... e a8 Nonna! 
Operating 

.... 
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TABLE - 9 

HEAT RECOVERY CHARACTERISTICS OF TURBINES & ENGINES 

• i • 

* QUALITY & QUANTITIES OF RECOVERABLE HEAT 
EQUIHJENT 

MAXIMUM TEMF£AATURE HEAT RECOVERABLE 
& PRESSURE BTU/HP 

UNFIRED HEAT 950° F 5000 to 9000 
GAS RECOVERY UNIT 

TURBINE FULLY FIRED HEAT 3000° F 8000 to 11000 
-"-,: RECOVERY UNIT 

\, CONDENSING AUTOMATIC VARIES ACCORDING TO 6000 to 12000 
STEAM EXTRACTION EXHAUST CONDITION 

- -

TURBINE NON VARIES ACCORDING TO 12000 & Higher 
CONDENSING EXHAUST CONDITION 

~ 

JACKET 250°F & 30 PSIA HOT 1000 to 2000 
DIESEL WATER & 15 PSIG STEAM 

RECI PROCATING EXHAUST 700° F 750 to 1000 

250°F & 30 PSIA HOT 
ENGINZS JACKET WATER & 15 PSIG STEAM 1500 to 3000 

GAS 
EXHAUST 1000° F 1000 to 1500 

, 

* Based on Manufacturer's data at rated load. 

{J 
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PRIME MOVER INFOJUtl\.TION REQUIRED FOR mE ST~DY 

1. ENGINE (Reciprocating Piston Type) 

Service purpose: Continuous heavy duty 

Location: Indoor 

Drive characteristics: DirectlIndirect 

Fuel: Type 

Engine: ·Type 

Engine aspiration: Turbo-charged!Naturally aspirated 

Continuous net full-load rating: BHP (to include power 
required to drive all engine auxiliaries) 

Exhaust temperature at rated load: OF 

Exhaust flow at rated load 

Permissible maximum exhaust ba\.;!( pressure 

Heat radiation to engine room atmosphere: BTU/Hour 

Heat rej ec tiun Nrte to cooling water 

Fuel consumption at various loadings and rated RPM 

Operating weight of engine 

Overall dimensionp~ Height, Width, Length 
, \ 

Normal noise level of engine at full load: Decibels 

Site elevation 
>", 

Ambient temperature: OF 



, 

2. MS TURBINE 

Service purpose: ::ontinuous 

Location: Indoor 

Drive characteristics = Direc', 

Fuel: Gas/Fuel oil 

Ambient temperature: of 

.Ges Turbine output: KW 
Gas Turbine exhaust flow: LBS/HR 

Gas Turbine exhaust temperature: of 

Permissible maximum back pressure 

Fuel consumption at various loads 

Noise level of tl 1rbine at full load: Decibels 

Operating weight of tUI'bine 

Overall dimeD8ions: Height, Width, Lepgth 

3 • STFAM TURBINE 

Service purpose: Continuous 

Drive characteristics: Direct/Indirec·t 

Steam flow rates: LBS/HR 

Supply steam temperature: of 

Supply steam press: PSIG 

Bxhaust condition: PSIGIIn of HG and temperature 

Turbine output: KW/l{P 

Steam input at various loads LBS!HR 

A-20 



operating ~eight of turbine 

Overall dimensions: Height, Width, Length 
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1. 

? -. 

3. 

4. 

TABLE - 10,. 

BUILDING ENERGY PEAK DEMAND AND CONSUMPTION 

-
YEARLY 

DESCRIPTION PEAK DEMAND CONSUMPTION REMARKS 

HEATING BTU 

COOLING BTU 

ELECTRICAL KWH 

PROCESS LOAD 
(DHW & Others) BTU I 
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TABLE - i~ 
r? 

ANNUAL ENERGY CONStJotPrION 

I 

PURCHASED 
ELECTRICITY 

STEAM GAS FUEL OIL CONS1JtfPlION 
NO. SCHE~jES LBS MCF GALLoNS KWH 

SCHEME 1 
1. (Com, cmtional 

System) 

SCHEME 2 
2. (Total Energy) 

SClIEME 3 
3. (Tot:al Energy) 

SCHEME If. 
If.. (Total Energy) 

l 

SCHEME 5 
5. (Selective Energy) 

SCHEME 6 
6. (fie1ective Energy) 

SCHEME 7 
7. (Selective Energy) 
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SCHEI-tE 
NO. 

l. 

2. 

3 • 

11-. 

S. 
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7. 

TABLE - 12 

ANNUAL SOURCE ENERGY CONSUMPrION - MMBTUS (106BTU) 

PURCHASED PURCHASED PURCHASED 
ELECTRICITY STEAM GAS FUEL OIL 

. MMBTU MMBTU MMBTU lflBTU 

~ 

• I 

TOTAL 
SOURCE ENERGY 

lflBTU 

-

. 

(I 
1/ 

! 

I 
I 
I 

I 
I 
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SCHEME 
NO. 

1. 

2. 

3. 

4. 

s. 

6. 

7. 

• • 

TABLE - 13 

ANNUAL COST OF ENERGY (FUELS! STEAM & EI,ECTRICITy) 
.' \-; 

\ ,<' 

PURCHASED PURCHASED PURCHASED TOTAL COST 
ELECTRICITY STEAM GAS FUEL OIL OF ENERGY 

DOLLARS DOLLARS DOLLARS DOLLARS DOLLARS 
',,' 

-

. . , 
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ITDt 

1. 

2. 

3. 

4. 

5. 

6. 

. . 

mJlLE - 14 

SCHDtE til, 

. AtJlPL {PERATING COST - DOLLARS 

eOft -
COST OF FUEL OIL AND GAS 

COST OF STEAM 

COST OF ELEC'l'RICI'lT 

COST OF M'IN'lENANCE 
(lABOR & M'TERIALS) 

~IARIES OF OPERATING PERSONNEL 

TOTAL 

/r 
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System 
Description 
l' 

Conventional Heating Cooling 
plant (8ase) 

~ Selective Energy Systems N --- -
...... 

Systelll I 

System 2 

System 3 

etc. 

'total Energy Syste.s 

System I 

System 2 

System 3 

etc. 

, 

TABLE IS 

SlMtARY OF ENERGY C~SUMPTION AND ECONOMIC ANALYSIS 

Initial 
Total 
Cost BOD 

Total 
LCC 

Percent 
Sase 
LCC 

LCC Energy 
Consuaption 
Million BTU 

• Ie 

Percent 
Base Energy 
Cons1llption 

-." '~.~' .. ", - "-~ 

? 
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DAEN-MCE-U 1 July 1977 

LIlE CYCLE COSTING INSTRUCTIONS roR TalAL ENERGY SYSTEMS 

1. General: The life cycle least analyses of the total energy, se­
lective energy an4 heat pump systems will consider ~1nten@Bce and 
operating costs over the life (assumed to be 2S years' for these 
analysis) of each system in addition to the initial construction costs. 

a. Costs: 

(1) Initial Costs include all expenses associated with the con­
struction of the facility, exclusive of Government costs and contingencies. 

(2) Maintenance Costs are related to the repair; replacement, etc., 
of building components and/or equipment and in the case of a total energy 
plant the labor necessary for the operation of the plant. 

(3) Operating Costs are those related to consumption or conversion 
of energy, i.e. electricity, fuel oil, gas, and coal. 

b. Study Planning Dates: The following dates (rounded off to years 
and months) are to be listed in the economics section of each total energy 
system study. The need for each of these dates is explained in the 
Philosophy paragraph below. 

Dates of .Estimate for Project Costs (Initial, Maintenance and 
Operating (M&b» 

Project Anticipated Midpoint of Construction Date 

Project Anticipated Beneficial Occupancy Date (BOD) 

Midpoint of First Year of Facility Use (Six MOnths After BOD) 

c. Philosophy: 

(1) The middle of the year convention is being used (as opposed 
to the end-of-year-convention) whereby all costs incurred during the 
year are assumed to be incurred, at the middle of the year. 

(2) For the purpos~s of these studies, initial construction! 
procurement/construction related costs are escalated to the anticipated 
aidpoint of construction date of the project, using the differential 
cost growth rate. 

(3) Project M&O costs will commence as of the project BOD and the 
period for the study shall be 2S years. M&O costs will reflect a 
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differential cost growth rate from the date of the project cost 
estiaate to the time in which they occur. Thus. the first year's 
cost will be calculated as of six months after BODI the second year's 
cost as of eighteen months after BOD. etc. (reflecting the aiddle-of­
the-year convention). The present worth of all the M&O costs will then 
be determined. 

(4) For reasons of economic comparison all costs have to be ca.pared 
at the same point in time. The selected point in time is the date of 
the anticipated midpoint of construction. This point in tiae will 
coincide with the date that is used for budgetary estimates used for 
congressional appropriations. However, the cost estimates developed in 
th~ life cycle cost analysis ~ill not correspond to the cost estimates 
developed for budgetary purposes, since the former are based on 
differential rates of cost growth ~nd the latter on absolute rates of 
cost growth. The use of differential cost growth fOt' the life cycle 
cost analysis is required for compatibility with the ten percent di.scount 
rate. Cost estimates based on differential cost growth are proper and 
appropriate for the economic comparison of alternates and only for that 
purpose. Cost estimates for budgetary purposes must be based on absolute 
rates of cost growth. Consequently. the two types of cost estimates 
should not be expected to be the same. 

2. Cost Data: The validity of the life cycle cost analysis is dependent 
upon the accuracy of the cost data, which in turn, depends upon the 
methods used to obtain the data. Initial costs will be determined in the 
conventional manner (without any provision for inflation). Operating 
costs will be based upon the results of the energy analysis. Maintenance 
cost data will be an important factor in determining the life cycle cost 
of the plant. Maintenance costs may be determined by consulting with 
electrical and heating contractors, facilities engineers, power plant 
operators, maintenance magazines, and manufacturers. Manufacturer.s may 
be able to give good data on preventive maintenance but their data on 
corrective maintenance have not been realistic. Information on corrective 
maintenance would probably be best obtained from an examination of records 
and consultation with operators of active plants. 

3. Determination of Life-Cycle Costs: Life cycle costs are determined 
by adding the present worth of all the maintenance and operating costs 
to the initial cost. The life cycle cost for M&O costs may be calculated 
by muHJplying the basic annual cost by a suitable factor based on a 
2S year life. a discount rate of ten percent and a constant growth rate. 
The multiplying factors given hereinafter incorporate the appropriate 
growth rate due to inflation, appli~able. Multiplying factors and 
the method for determining each type of cost are explained below: 

a. Inflation: All project costs excfusive of energy costs should 
ordinarily be assumed to inflate (full cost growth) at the same rate as 
the overall general inflation rate of the economy as a whole, unless there 
is good reason to believe otherwise. Energy costs ar~ inflated as noted 
in paragraph 12.3, "Fuel Cost Escalation." 
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b. Initial Costs: Initial costs are calculated as described in 
paralraph 11, ''Development of Initial Construction Costs." If the cost 
of a particular project is 'expected to inflate at a rate higher than 
the leneral inflation rate a differential factor shal~ be applied. The 
specific reasons for th" application of this differen.tial factor must be 
liven in the study. Normally a differential factor of 1.0 shall be 
applied to initial costs. 

c. Maintenance Costs: 

(1) Annual Costs The ~aintenance cost multiplying factor for annual 
cpsts is equal to 9.524 for the purposes of these st~dies. This factor is 
the $um of the annual present worth discount factors over the 25 year life 
of the project. These studies will assume a discount rate of ten 
percent per year, thus, the discount factor for the second year is 0~867. 
for the third, 0.788, for the fourth 0.717 and so on. (See AR 11-28 for 
the development of these factors). The sum of these discount factors for 
25 years is the maintenance cost multiplyinl factor and is equal to 9.524. 

(2) Clclical Costs are costs which occur only at intervals other 
than annual. Cyclical costs are influenced by present worth discount 
factor, which as in the case of annual costs, is also ten percent. The 
discount rat~ factor for any year in the life of the energy system is 
shown in Table I below: 

YR FACTOR YR FACTOR YR FACTOR -
1 0.954 Hl 0.405 18 0.189 

2 0.867 11 0.368 19 0.172 

3 0.788 12 0.334 20 0.156 

4 0.717 13 0.304 21 0'.142 

5 0.652 14 0.276 22 0.129 

6 0.592 15 0.251 23 0.117 

7 0.538 16 0.228 24 0.107 

8 0.489 17 0.208 25 0.097 

9 0.445 

TABLE I - DISCOUNT FACTOR vs FACILITY AGE 

,-) 
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The life cycle cost for the cyclical costs is the sum of the present wo~h 
values of all of the individual cyclical costs. The prorated discount 
factor for the last cyclical cost should be calculateeJ from the equation, 

where 

F = N x R 
P 

F = Prorated discount factor 

N = Discount factor for last cyclical cost 

R = Remaining years between last cyclical event 
and end of building life. 

P = Period of cyclical cost 

See the example problem herein for an application using the above formula. 

(3) Maintenance Differential Growth If the cost of maintenance for 
a particular project is expected to inflate at a rate higher than the 
general rate a differential factor shall be applied. The specific reasons 
for the application of this differential factor must be given in the study. 
Normally a differential factor of 1.0 shall be applied to maintenance costs. 

d. Operating Costs: Operating costs will reflect the differential 
cost growth rate from the date of the project cost estimate to the time in 
which they occur. These differential cost growth rates (taken fro~ a 
DoD source) vary for each energy source (see paragraph 12.3 herein). These 
costs are also influenced by the annual present worth discount factors 
(see Table I). In order to simplify the calculations, Table II has been 
created. Table II lists the differential cost growth-present worth (DCG.PW) 
factor in terms of the differential rates expressed as a percent as applied 
to a ten percent present worth discount rate over a 25 year time period. 
After the present worth of the 25 year costs at the time of BOD is determined 
from the factor in Table II, this cost should be recalculated back to the 
anticipated midpoint of construction date. (See paragraph 4c(3) (a) below). 

DIFFERENTIAL 
COST GROWTH 
RATE-PERCENT 

o 

1.0 

2.0 

3.0 

4.0 
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DCG-PW 
FACTOR 

9.524 

10.325 

11.236 

12.268 

13.440 
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DIFFERENTIAL 
COST GROWTH 
RATE-PERCENT 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

TABLE II 

4. Life Cycle Cost 'Samp1e Problem: 

a. Basic Information: 

DCG .. PW 
FACTOR 

o 

14,776 ---- (Coal) 

16.302 

- --------~~~ 

18,048 ---- (Electricity) 

20.050 

22.351 

25.000 

28 •. 054 

35.658 

40.379 

45.850 

(Fuel Oil) (NG ,& LPG) 

(1) Project Name: Andrezej Kosciusko Army Medical Centre 

(2) Project Costs (Initial, Maintenance, and Operating are 
Estimated To--,,·---------------------------------.... March 1977 

(3) Project Anticipated Midpoint of Construction Date----- October 1980 

(4)=Project AntiCipated Beneficial Occupancy Date (BOD)--- January 1983 

(5) Midpoint of First Year of Facility Use--------------- July 1983 
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b. Alternates Under Consideration: 

._------ .... _.- --- -
MARCH 1977 COSTS 

Initial MAINTENANCE 
Alternat~s Costs Annual Cyclical Coal Fu 

OPERAT_-=I:;;N.::.G __ ~_ 
el Cil Electricity 

. -. - '------- f--. --------~------------~ 
A 5,000.000 300,000 1,000,000 800.'000 2,500,000 

... occurring i~ 
years 6, 12, 18 
and 24 

-,----- -"-'-~ -- -- 1--" 

B 7,000,000 400,000 850,000 - 1, 000,000 2,000,000 
occurring in 

, . years 6, 12, 18 
and 24 

------r·------ f----- ~ f---'- ...... ' ..... - ....... ,. ...... --.-- ... f--- -

C ~2,000,00O 4!:;o ,000 750,000 2,400,000 500,000 
occurring in 
years 8, 16, 
and 24 

---
c. Calculation Rationale: 

(1) Planning Date - Time Calculations 

(a) Time from project cost estimate (March 1977) to the midpoint 
of first year of facility use (July 1983) is six years-four months 
(6.33 years). 

(b) rime from anticipated midpoint of construction (Oct 1980) to the 
project BOD (Jan 1983) is two years-3months (2.25 years). 

(2) Initial Costs Initi~l cost differential cost growth factor for 
this Army medical centro:! is 1.0, .I'\S it is anticipated that its cost will 
inflate at the same rate as the general inflation rate. Hence, th~ initial 
cost estimate dated March 1977 will be the same dollar valu~ as the 
anti.cipated midpoii.r: vf construction date estimate for all three alternates. 

(3) Maintenance Costs Maintenance cost differential cost growth 
factor is 1.0, for same reason as the initial cost factor. Hence, the 
maintenance cost estimates dated 1 March 1977 will be the Same dol'lar value 
as the BOO year cost estimates for all three alternates. 

(8) Annual Costs. The annual cost multiplying factor is 9.524, which 
when multiplied by each alternate's annual maintenance cost will determine the 
present worth of the 25 year cost at BOD (1 Jan 83). TheBe 25 year costs at 
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BOD must then be recalculated (present worth) back to the anticip3'~ed 
midpoint of construction. To find the present worth of these maintenance 
costs, the following formula, using the "single payment present worth 
factor" is to be used. 

p = S [(1 ! j)n j 
P = Present wor.th of maintenance costs at the anticipated midpoint 

of construction. 

S = Sum of money equal to the worth of maintenance costs F.t the BOD. 

i = Interest rate (present w rth. discount factor), express~~ as a 
decimal, normally ten percent. 

n = Time in years between the anticipated midpoint of construction 
and the BOD. 

(b) Cyclical Costs The present worth of each cyclical ~ost ~s 
determined by multiplying this cost by the discount factor, given Table I 
for the year the cost is incurred. If the current estim~ted cost of the 
cyclical maintenance remains constant the yearly factors are to be 
totalized then multiplied by this cost, to determine t~~ir present worth. 
However, the last cyclical maintenance cost is to be prorated so that 
only a total of 25 years of cyclical maintenance is considered in the 
analyses. The equation, F = N x R is used to determine the prorated 

p 
discount factor for the last cyclical cost. Once the present worth of 
25 years of cyclical maintenance is determined, these costs are 
recalculated back to the anticipated midpoint of construction as shown 
above. 

(4) Opera~ing Costs 

Step by Step Calculation Procedure 

(a) The March 1977 annual cost for each energy source is to be 
increased each year, by the differential cost growth rate (given in 
paragraph 12.3) to midpoint of the BOD year (July 1983). 

(b) The inflated co~ts determined by Step I above are then 
m~ltiplied by the DCG-PW factor given in Table II. 

(c) The present worth of the 2.5 year costs, at the time of BOD, are 
then recalculated back to the anticipated midpoint of construction date 
USing the formula presented in paragraph 4c(3)(a). 
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d. Calculatlons: 

(1) Alternate "A" 

(a) Initial Cost. 

As per calculation rationale, the differential cost growth factor 
is LO, therefore the March 1977 initial cost of $5,000,000 is also 
the October 1980 initial cost. 

(b) Maintenance Cost 

1 Annual. The differential cost growth factor is 1.0, therefore 
only tl.e annual cost multil'lying factor (9.524) must be considered to 
determine the 25 year maintenance cost at BOD 

$ 300,000 x 9.524 = $ 2,857,200 

To find the October 1980 cost or present worth of these maintenance costs 
p = s [- 1 1 = 2,857, 200 [_~=-l_....,....... ___ ~·-: we use 

_ (1 + i)n :J (1 + .1)2.25 j 
- 2,857,200 x 0.807 = 2,305,722 

say 2,305,700 

2 Cyc1ica!. 

$1,000,000 occurring itl years 6, 12, 18 and 24. 

Tl~e discount factors for years 6, 12, 18 and 24 are .592, .334, .189 
and .107 respectively. 

The prorated discount factor for the last cyclical maintenance cost 
is dete~ined from the equation: 

F = N x ! = .107 x 25-24 
p 6 

F = 0.018 

The present worth of the total cyclical cost at BOD is: 

$1,000,000 (.592 + .334 + .189 + .018) 

$1,133,000 

This BOD year cost is now recalculated to obtain the an.ticipated midpoint 
of construction cost therefore: 

p = s r 1 1 "" 1,133,000 x --:-:---="~l-.n!'_ = $914,316 
l:<1 + i)n~ (1.1)2.25 

P = $914,300 
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(c) Operating Costs 

1 Coal 

Step 1 - The ·five percent differential cost growth rate must be applied 
to the $800,000 annual cost, each year, to bring the Ma~ch 1977 cost to the 
BOD year (1983) level. Therefore $800,000 x (1.05)6.33 - $1,089,478 

Step 2 - The BOD year cost is now multiplied by the DCG-PW factor of 
14.776. Therefore $1,089,478 x 14.776 - $16,098,119 •. 

Step 3 - Now the 25 ~·ear, BOD year cost must be recalculated to obtain 
the present worth at October 1980. Therefore 

P - S [ 1 l .. 16,098,119 x 1 - 12,990,970 
(1 + i)~ (1.1)2.25 

P • $ 12,991,000 

! Electricity 

Step 1 - $2,500,000 x (1.07)6.33 a $3,836,536 

Step 2 - $3,836,536 x 18.048 - $69,241,809 

Step 3 - $69,241,809 x ~~~1 ........ ....- - $55,817,239 
(1.1)2.25 

$55,871,200 

(d) Alternate "An Summary 

Initial Cost---------------------------------------$ 5,000,000 

Maintenance 

Annual ---------------------------------------- 2,305,700 

Cyc1ica1--------------------------------------- 914,300 

Operation 

Coal ------------------------------------------ 12,991,000 

Electricity -----------------------------------\\55,877 ,200 

Total Life Cycle Cost -------,.;;;--------------------------$77,088,200 

(2) No detailed calculation of alternates "B" or UIC" are provided. 

See aummary below for cost figures. 

A-36 



:r 
I.tJ .... 

• \-

~ 
;j 

e. Summary for sample problem. 

LIFE CYCLE COST (OCT 1980) 

Initial MAINT1NANCE 
Alternates Cost Annual Cyclical Coal 

A 5,000,000 2,305,700 914,400 12,991,000 

B 7,000,000 3,074,300 777,100 -
C 12,000,000 3,458,600 444,900 38,972,900 

, • ~.t.. ... .. , 

OPERATING 
Fuel Oil Electricity Total 

", 

- 55,877,200 77,088,200 

26,336,200 . 44,701,800 81,889,400 

13,168,100 - 68,044,500 




