OAK RIDGE ORNL/TM-2002/150

NATIONAL LABORATORY

MANAGED BY UT-BATTELLE
FOR THE DEPARTMENT OF ENERGY

Evaluation of Federal Energy Savings
Performance Contracting—

Methodology for Comparing Processes
and Costs of ESPC
and Appropriations-Funded
Energy Projects

UT-BATTELLE

ORNL-27 (4-00)




DOCUMENT AVAILABILITY

Reports produced after January 1, 1996, are generally available free via the U.S. Department of
Energy (DOE) Information Bridge.

Web site http://www.osti.gov/bridge

Reports produced before January 1, 1996, may be purchased by members of the public from the
following source.

National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161

Telephone 703-605-6000 (1-800-553-6847)

TDD 703-487-4639

Fax 703-605-6900

E-mail info@ntis.fedworld.gov

Web site http://www.ntis.gov/support/ordernowabout.htm

Reports are available to DOE employees, DOE contractors, Energy Technology Data Exchange
(ETDE) representatives, and International Nuclear Information System (INIS) representatives
from the following source.

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831

Telephone 865-576-8401

Fax 865-576-5728

E-mail reports@adonis.osti.gov

Web site http://www.osti.gov/contact.html

This report was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States government nor
any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.




ORNL/TM-2002/150

EVALUATION OF FEDERAL ENERGY SAVINGS PERFORMANCE
CONTRACTING—METHODOLOGY FOR COMPARING PROCESSES
AND COSTS OF ESPC AND APPROPRIATIONS-FUNDED
ENERGY PROJECTS

Patrick J. Hughes
John A. Shonder
Terry Sharp
Melissa Madgett

March 2003

Prepared by
OAK RIDGE NATIONAL LABORATORY
P.O. Box 2008
Oak Ridge, Tennessee 37831-6285
managed by
UT-BATTELLE, LLC
for the
U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-000R22725






CONTENTS

Page

LIST OF FIGURES. ... ottt ettt e et e et e e st e e st e e et e e anee e snte e e sateesnsee e nteeeanteeanneeans vii
I S IO ] 1A = TR iX
ACKNOWLDGMENTS .ottt s e e st e e sat e e sate e aate e e aateesaseeenseeeanseesanteennnes Xi
ABBREVIATIONS AND ACRONYMS.....ii ittt sttt sttt nbe s Xiii
EXECUTIVE SUMMARY .ottt sttt s b e bbbt bena e s et e e e ane st XV
PURPOSE OF THE STUDY ..ottt sttt st sttt snenne e XV
COMPARISON OF ALL-INCLUSIVE PRICESFOR ECMS .......coiiiiiinineresiese e XV
COMPARING PROCESSES........co ittt tes sttt rtee e ste e st e s s te s s ae e e saee e ste e e snteesnseesanaeesnsnenns Xvi
USEFULNESS OF THE STUDY ....oouiiiiiiitiriinienieeeesesie ettt sttt XVi
EXAMPLES OF USING THE PARAMETRIC TABLES.......ooo e Xvii
CONGCLUSIONS ... cteseeeieteee ettt ssesteste s e te e e e eseasesseasessessenseneeseaseasessessessenseneeneenennensensens XiX
. INTRODUGCTION ..ttt st st b e bt ese e b e e et et e st s besbesbe st e neeeneas 1
1.1 AUTHORIZATION OF FINANCING FOR FEDERAL ENERGY PROJECTS. ......c.cceovivrennene 1
1.2 ROLE OF ESPCsIN STRATEGY TO MEET FEDERAL ENERGY GOALS........ccccevceveieene. 1
1.3 ACCEPTANCE OF ALTERNATIVE FINANCING IN THE FEDERAL SECTOR........ccccveue.e. 2
1.4 OBJIECTIVES OF THIS STUDY ..ooiitiiiiiiieieiriesie sttt st st sre e 2
1.5 COMPARISON OF ALL-INCLUSIVE PRICES FOR ECMS......cccooieiie e 3
1.6 COMPARING PROCESSES AND LIFE-CYCLE COSTS ......cooiiiirine e 3
1.7 USEFULNESS OF THE COST-COMPARISON METHODOLOGIES..........cccoviriririnerienin 4
. ECM-LEVEL COST COMPARISON ...oiiiie ettt tes st e st e stee st e s saee e st s ennae e snse e s snnessnneeens 5
22 T A I 15 10 I S 5
2.2 SORTING COST ELEMENTS.....ooi ettt stee e st e e st e e nna e st eenee s snte e e nnaeennneas 5
2.3 SEPARATING ECM COSTS FROM TOTAL PROJECT COSTS......cccooeieieirerenesesiese e 7
2.3.1 Cost Data Sourcesfor ESPC ECMS.....c.ccoiiiiiiiiee et sis e stes st snne s snes 7
2.3.2 Cost Data Sources for Appropriations-Funded Projects..........cccovvveeceiiceecn e 8

2.3.3 Example of Adjustments Used to Isolate Appropriations-Funded Costs
FOr BArE@ ECIMIS ... ettt ettt st sttt te et e st e s ae e et e e te e beesaeesaeesntesnteenteetennrenas 8
ARG G T RS 0 11 (0l D - 8
2.3.3.2 Eliminating Unrelated ECIM COSES........cccueiiiieriiieerie e seeiese e sae e sae e 8
2.3.3.3 Recalculating Non-Construction COSES .........cccevireerieieeseseeseseesieseesresseesresreeneens 9
2.3.3.4 Excluded Health, Safety, and Security COSES........cccccvvveeieieene e 10
2.3.3.5 Excluded Project Management and Oversight COSES ......cccvvvevieiiereseesiesieesie e 10
2.3.3.6 TOtal AQUSEE COSES ....c.eeueeueeiieiiriestesiesie e seeseeeeeses e sre e s e seesseseeeeeeseeseesessesseseens 10
2.3.3.7 Escalation t0 2001 DOIAIS........ccceiueiiieie e siee e cee e ste et steeses s s eeereenreenneeas 10
2.3.3.8 Summary of Cost Adjustment Method............ccccveiiieii e, 10
2.4 COMPARISON OF CHILLER REPLACEMENT COSTS......ccoe e ctee et seeestee e seee e 11
2.4.1 Chiller Samplesfor Appropriations-Funded ProjectS.........coeveeverccecven e, 11
2.4.2 Super ESPC Chiller SAMPIE.....c..eeiie ettt esste ettt re e e snreeneereas 13
2.4.3 Results of Chiller Cost COMPAITSON.......ccceiieeiiriiieereesiee e ssreeseeseeseessteesreeseesrreereesseessees 13
2.4.4 Regression Analysis of Chiller Cost RESUILS.........cccoeeeiiiiieie i 14




3.

2.4.5 Additional Chiller Cost Data—Appropriations SEt 2..........cccccevveeereseereseeiee e e e 17

2.4.6 Summary of Conclusions 0N Chiller PriCES .......ccoiieiiiee e 19

2.5 COMPARISON OF LIGHTING UPGRADE COSTS........ccoiiriniiriinisiesiesiesee e 19
25.1 Lighting ECM Sample for Appropriations-Funded Projects ..........cccoevveeiieceseecie e, 20
2.5.2 Lighting ECM Sample for Super ESPC ProjeCts.........ccovvvieecie i 22
2.5.3 Resultsof Lighting ECM COSt COMPAITSON ......cceeeerirreeeisieeeesieseeseeseeeneeseesseeseesseeneessens 22
2.5.4 Regression Analysis of Lighting ECM RESUILS.........ccoeiieiieren i 22
2.5.5 Summary of Conclusions on Lighting ECM PriCES........cccccieviiiieevien s e 26

2.6 COMPARISON OF VARIABLE-FREQUENCY -DRIVE COSTS.......ccooeieiriririresesesiesie s 26
2.6.1 VFD ECM Sample for Appropriations-Funded Projects........ccocevevirvieeceesee e, 27
2.6.2 VFD ECM Samplefor Super ESPC ProjECES......c.cieeiiiieieieee e 28
2.6.3 Results of VFD ECM C0OSt COMPAITSON .....oveeueerieeiienieeeeeesieeee e seeseeseeeseeseesseeseesseesessens 28
2.6.4 Regression Analysis of VFD ECM RESUILS .........ccoeeiiriie et 29

2.7 SUMMARY AND DISCUSSION OF RESULTS. ..ot nnens 31
A 0 R 1 1 0107 S 31
2.7.2 Implications of ECM Pricing Analysis Results for Life-Cycle Cost Comparison.............. 32
2.7.3 Comparison of Site Project Management and Construction Oversight Costs..................... 32
2.7.4 Recommended Practices for Ensuring Fair PriCing .......ccccceecevieieeieieecese e 37
METHODOLOGY FOR COMPARING PROCESSESAND LIFE-CYCLE COSTS........cc..... 39
3.1 INTRODUGCTION ..uciieieeietesiesiestesieseeee e e ssestestessesseeeseeseasessessessessessesseseesensessessessessessensensensens 39
3.2 CHARACTERIZING THE AVERAGE ESPC.......ccoiieeieeseeese s 40
3.2.1 Super ESPC Implementation PrOCESS .........cccvoeeriieeriiiesesee e sieeie e eee e see e eee e 40
3.2.2 Super ESPC Scheduling and Financial Parameters...........coocoveeeereeeeneeieseese e 40
3.2.2.1 Timeto Award Delivery Order and Complete Construction...........cc.cceccvveereenenne. 40

3.2.2.2 Implementation Price and Financed AMOUNt ...........ccccevveeeneseese e 42

3.2.2.3 Interest Rate and CONLraCt TEMMN.......ccuouriririririresese e 42

3.2.2.4 Guaranteed Annual COSt SAVINGS......cccceeiieiieiesieee s 42

3.2.2.5 Measurement and Verification COSE.........ceoueeririninenisesee e 43

3.2.2.6 Performance-Period SErVICES .......ooiiii e 43

3.2.2.7 Percentage of Savings Paid t0 ESCO .......cccooviee e 43

3.3 CHARACTERIZING THE APPROPRIATIONS CASE........ccoctiiiininesesesiee et 44
3.3.1 The Process of Requesting APPropriations...........cccceeeiiiierieseeseseesiesees e see s seesresreenaens 45
3.3.1.1 Requesting Funds for Survey and Feasibility Study ............ccoooiiiiiiieiineee 45

3.3.1.2 Survey, Feasibility Study, and 30% DESIgN .........cccceeveeiieceeree e 45

3.3.1.3 Requesting Funds for Design Completion and Construction............ccccceeeveevveennen. 45

3.3.1.4 SUMMArY Of ProCESS SEEPS .....cccvieiieiie et eesee et e see e te e te e s snre e re e reesnne s 46

3.3.2 DUration Of PrOCESS SEEPS ....cueeiiiitiiieiie sttt st st sre et e sreenaesreeneaee e 46
3.3.3 Cost Of StUAIES @NA SUNVEYS......ccuviviiieeieceese ettt s re et e s reeaesreeneenre e 48
3.3.4 Design Completion and CONSLIUCLION ........cccueiieeiieiiieeesieecee ettt eseenne s 50
GG T T 0 1= s (V7 1TSS 50
3.3.6 Energy-Related MaintenanCe COSLS.......cceieriiriiieeiieseecieeerte e se e see s ste e steesreesne e e re e sneesneas 50

3.4 CALCULATING SUPER ESPC LIFE-CY CLE COST ......ccvitiiriiriinieniesienieseesee e 50
3.4.1 Inflation and DISCOUNE RELES........c.ciiriiriirieieieirieresie sttt 51
3.4.2 Excess Energy and Related Costs Before ConstruCtion...........ccceceeveevieeciecseesessnesceeeeen, 51
3.4.3 Pre-Performance-Period Payment ...........cccoceeciiiee ettt 51




6.
7.

3 A o (o = ot B = ot | 1] 1 R 51

3.4.5 Payments DUring CONIaCt TEMM ....cooueieci ettt neesneas 52
3.4.6 Expensesthrough End of 20-Year Study Period..........ccooeiiiieieiiene e 52
3.4.7 EQUIPMENt SAIVEOE VAIUE......c.eeeii ettt ettt ettt se e sneeneenneens 52
3.4.8 Summary Of SUPEr ESPC COSES......ueiieiieeierieeiesie et see e tee e ste e ste e e ee e e see e eneeseeeneens 52
3.4.9 Cadculating Monthly Payments and Contract TEIM ........cccccveverirerenerenieseneseeeseseseseens 53
3.5 CALCULATING LIFE-CYCLE COST OF APPROPRIATIONS CASES........ccoov i 54
3.5.1 Inflation and DiSCOUNE RELES..........coeiiiierieeee et see e e eesneeneenee e 54
3.5.2 Surveys/Studies and FUNAiNG REQUESES........ccuiiieecieiiie ettt 54
3.5.3 Costs During and After CONSITUCION..........ccviiiiiiiee et s 54
3.5.4 EqQUIPMENt SAIVAJE VAIUE........c.eeie ettt ettt r et sreennesne s 55
3.5.5 Summary of Appropriations Case COSES........ccivieeiireeiiiee st seeste e este e e e e sre e sresraesreas 55
RESULTSAND APPLICATION OF THE LCC COMPARISON METHODOLOGY ............. 57
4.1 LIFE-CYCLE COST COMPARISON RESULTS.....ccciiiiiieieiririsesie st 57
4.2 PERSISTENCE OF SAVINGS.......ooi it ses e stee st e ste e st e saee e st e sntessteeenneeesnseeesnneenns 58
4.3 KEY ASSUMPTIONSUSED IN CALCULATING LIFE-CYCLE COSTS.......ccccoovimirininnens 62
B I OV I o o o I = 1 Y 62
4.3.2 SUrVEY and SIUAY COSES ......eeeiieeiieiie e esteesteesee e e e te e s re e s ee e te e s te s sre s sreeeteesaeesreesneesnseenees 63
4.3.3 ESPC PrOCESS TIIMB...ccuuiitieieiteeie st eeeesie st ete st st astesseeseeseeeneeseeeneensesseansesseeneessesneeseesseesessens 63
434 O&M, M&V, and Other PerformanCe-Pariod SEIVICES .......ouuoiiieeeeeeeeeeeee e eeeeeieeeeee e e 63
4.3.5 Parameterizing the ApPropriationNS CaSES ........cceivevieieereeeese e see st sre e see e saesees 63
4.3.6 Site Project Management and Construction Oversight COStS ........ccovvvvveevevecieseesee s, 63
4.4 USING THE PARAMETRIC LCC COMPARISON TABLES........ccce e 64
45 EXAMPLE APPLICATIONS OF THE LCC COMPARISON METHODOLOGY .......ccocvvereene 65
4.5.1 Comparing Past Appropriations-Funded Projectsto an Average ESPC..........cccccccveeneeee 65
4.5.2 Considering Whether to Finance or Wait for Appropriations..........cccceveeeeeeveesieeeseeseennns 65
4.5.3 Appropriations Case Based on Small Sample of Project Data..........ccceceeeviveceenensiieesieene 65
4.5.4 Appropriations Case Where All Projectsare Funded .........ccooevevviriie v vcen e 66
4.5.5 Hypothetical AppropriationS BESt Case.......cccviveiiiieeiie ettt 66
4.5.6 Appropriations Case Based on Large Sample of Project Data............cccoveeeveeveieenieseeene. 66
CONGCLUSIONS. ...ttt e et seesestessestesaeseeseeseeseeseasessesseaeseeseasensessenseseensnnennens 67
5.1 COMPARISON OF ALL-INCLUSIVE PRICESFOR ECMS........ccccooiiiiiieeieeeesesesiesie e 67
5.2 COMPARING PROCESSES ON A LIFE-CYCLE-COST BASIS.......ccooee e 67
5.3 USEFULNESS OF THE STUDY ..ottt st snens 68
L N e I L O N 1 1 TS 68
L o L 0 s SRS 71
BIBLIOGRAPHY w..oooiireeaeeeseeeseeeseeesseess st esss st ess sttt esssssssesees 73

Appendix: DEFINITION OF PARAMETERSUSED IN LIFE-CYCLE COST ANALYSIS

OF AVERAGE SUPER ESPC PROJECT .....cceiiiiieiiere e e 75




vi



Figure

ES1

21
2.2
2.3
24
2.5
2.6
2.7
2.8
29
2.10

31
3.2

3.3

LIST OF FIGURES

Page
The shaded cellsin this figure represent appropriations cases having alower life-cycle
cost than the average ESPC when savings in the appropriations cases annually degrade
by 0%, 0.5%0, 1%, BNA 200 .......cceeieeiee e ciee et e e te e e e e st esee e ste e te e saeesneesreesreenrenns XVili
The mgjority of expenses incurred in ESPCs and appropriations-funded energy
projects areidentical, but patterns of executing and funding the projects differ..................... 6
Chiller ECMs. Design completion and construction costs in appropriations-funded
projects, and implementation price in ESPC PrOJECES ......coovvieiiieieeiese e 14
Chiller ECMs. Design completion and construction costs in appropriations-funded
projects, and implementation price in ESPC projects. Includesregression lines.................. 16
Chiller ECMs. Design completion and construction costs in appropriations-funded
projects including Appropriations Set 2, and implementation price in ESPC projects......... 17
95% confidence intervals for difference in chiller costs (appropriations-funded
minus ESPC-funded) as afunction of chiller capaCity ...........ccoeeiiieeiiiieiieeere e 19
Lighting ECMs: Design completion and construction costs in appropriations-funded
projects, and implementation price in ESPC PrOjECES ......cocviieierieieeiese e 24
Lighting ECMs: Design completion and construction costs in appropriations-funded
projects, and implementation price in ESPC PrOjECES ......coovveeieiieieeiese e 24
95% confidence interval for the ratio of the cost of lighting retrofits performed with
appropriations, to the cost of lighting retrofits performed under ESPC..........ccoeviivevieenens 26
Variable-frequency-drive ECMs: Design completion and construction costsin
appropriations-funded projects, and implementation price in ESPC projects........cccccovevueen. 29
95% confidence intervals for differencein cost of VFD projects (appropriations-funded
minus ESPC-funded) as a function of motor horsepowWer ...........occoveeeie e 31
Energy savings performance contract flowChart ..o 41
Flowchart showing process for implementing projects through the agency’s
appropriations-funded energy management Program...........coceeceeeereereeseeseseesseseesseseesees 47
Timelines of the average Super ESPC process and one agency site's appropriations
process for implementing energy-effiCienCy ProjectS........covvevereeieiecerieerereseees s 49

vii



viii



Table
ES-1

21
2.2

2.3

24

2.5

2.6
2.7

2.8

29

2.10

211

212

213

214

2.15

2.16

217

2.18
219

LIST OF TABLES

Present value of life-cycle cost ratio (appropriations over ESPC) of typical project

as afunction of total survey and study costs and total processtime........ccccoceveeeveeveeennen. Xvili
Original cost estimate for example appropriations-funded chiller project .........cccovevveveneee. 9
Summary of adjusted costs for the example appropriations-funded chiller project

(not adjusted for priceinflation) ..........cceceieii e e 11
Itemized costs of (and amounts requested for) design completion and construction

of appropriations-funded projects including chiller replacements (2001 dollars)................. 12
Itemized costs for design completion and construction of sample of appropriations-

funded chiller projects (2001 dollars), adjusted to reduce project scope to chiller

1= 0= 011 4T | S 12
Summary descriptions of adjusted appropriations-funded chiller projects

24000 0] =T =) T 13
Summary descriptions of adjusted Super ESPC chiller projects (2001 dallars).................... 13
Regression results for chiller cost data, without distinguishing between ESPC and

apPropriati ONS-FUNAEd PrOJECES......oceeii ettt sae s 15

Regression results for chiller cost data, using a modd that distinguishes between
ESPC and appropriations-funded projECES........c.oiieiiieie et 16

Analysis of variance for the two models of the chiller cost data. Model 1 does not distinguish
between ESPC and appropriations-funded projects; Model 2 does

o =] o U= o VTS 16
Appropriations Set 2: Adjusted costs for chiller replacement using a different source

of appropriated fuNds (2001 dOHAIS) ......ooeerieeee e 17
Regression results for chiller cost data (including Appropriations Set 2), without
distinguishing between ESPC and appropriations-funded projects..........ccooevveeeneereneenee. 18

Regression results for chiller cost data (including Appropriations Set 2), using a
model that distinguishes between ESPC and appropriations-funded projects...........ccccue.e.... 18

Analysis of variance between Model 1 (which does not distinguish between ESPC
and appropriations-funded chiller projects) and Model 2 (which does distinguish
DEWEEN thE TWO SELS).....vecceie et et e e s et e be e s reesneesaneennas 18

Measures commonly included in lighting upgrade projectS.........cecevveveseeveseene e 20

Itemized costs of (and amounts requested for) completion of appropriations-funded
lighting upgrade projects (2001 dOHars)........coveereeeereeeeee e 21

Itemized costs of (and amounts requested for) completion of appropriations-funded
lighting upgrades, adjusted to reduce project scopeto only ECMslisted in Table 2.14

240100 0] =T =) T 21
Summary description of adjusted appropriations-funded lighting upgrades

24000 (o] =T =) TS 22
Summary description of Super ESPC lighting upgrades (2001 dollars) .........ccccoeevvvervennen. 23
Regression output when ESPC and appropriations cost data for lighting ECMs

X o] 0] o1 1= o SRR 25




2.20

221

2.22

2.23

2.24

2.25
2.26

2.27

2.28

2.29

2.30

31
32
33
4.1

4.2

4.3

4.4

4.5

Regression output for amodd that distinguishes between ESPC and appropriations
cost data for [Ighting ECMS.......ccuiiieiece ettt ettt sne e

Analysis of variance between Model 1, which does not distinguish between ESPC
and appropriations, and Model 2, which does distinguish............ccceecviieveiese s,

Itemized costs of (and amounts requested for) completion of appropriations-funded
VFD projects (2001 dOHEIS) ....ecueeiiieeeiecii ettt sttt sre e s sneenenras

Itemized costs of (and amounts requested for) completion of appropriations-funded
VFD projects, adjusted to reduce project scope to VFDs and associated equipment
Lo 0 YA 700 o (o | =) S

Summary descriptions of adjusted appropriations-funded VFD ECMS.........ccccoevveviveienen.
Summary descriptions of adjusted Super ESPC VFD ECMs (2001 dollars) .........ccccvevvenne.

Regression of VFD cost data, fitting costs of ESPC and appropriations-funded
projectsto asingle liNEar EQUALION .........ccviuieiieieesie ettt ae et e e aenne s

Regression of VFD cost data, fitting ESPC and appropriations-funded projects
tO SEparate liNEAr EQUBLIONS.........ccviiie ettt sttt ae e e e b sre e tesneenenrs

Analysis of variance between Modd 1, which does not distinguish between ESPC
and appropriations, and Model 2, which does distinguish between thetwo ..........c..ccc.c........

Experience-based estimate of the all-agency average of project management and
construction oversight costs for the typical ESPC Project........coovvvevveceieeceseece e

Agency site' s project management and construction oversight responsibilities
and costs for an appropriations-funded energy project, through project acceptance.............

Financial and time-related parameters for the average Super ESPC project............ccccueueee...
Costsincurred iN ESPC PrOJECE ........coeeeieeeese et eneas
Costsincurred in appropriations-funded projects (agency siteillustration) ...........cccccveeeneee.

Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy
conservation project funded with appropriations to present value life-cycle cost of same
project carried out using ESPC, as afunction of total survey and study cost and total
0100 =S Y (] 0= TSRS

Present value of life-cycle cost of typical project implemented with ESPC when
savings degrade after completion Of ProjeCt terM.........ccoccveveeieie e

Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy
conservation project funded with appropriations to present value life-cycle cost of same
project carried out using ESPC, as a function of total survey and study cost and total
process time. Annual reduction of guaranteed annual cost savingsis 0.5%, or about

X 0= G Y= £ S

Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy
conservation project funded with appropriations to present value life-cycle cost of same
project carried out using ESPC, as a function of total survey and study cost and total
process time. Annual reduction of guaranteed annual cost savingsis 1%, or about 14%
[0V G R V== £ SRR

Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy
conservation project funded with appropriations to present value life-cycle cost of same
project carried out using ESPC, as a function of total survey and study cost and total
process time. Annual reduction of guaranteed annual cost savingsis 2%, or about 25%
[0y == PR




ACKNOWLEDGMENTS

Thiswork benefited from several thoughtful technical reviews and comments. Thanks to Linde Fuller
of the National Institute of Standards and Technology, an expert in U.S. government standards and
practice in the field of life-cycle cost analysis, for her careful and detailed review of our life-cycle costing
methods and results. Thanks aso to reviewers Daryl Brown of Pacific Northwest National Laboratory and
Chris Tremper of McNeil Technologies. Thanks to Oak Ridge National Laboratory reviewers Mike
MacDonald (Commercial Building Technologist), Robert Perlack (Ph.D. Economist), and Richard
Schmoyer (Ph.D. Statistician) for his suggestions on the statistical models and methods used in the
analysis of ECM pricing.

Specia thanksto Robert Baugh, Frank E. (Ed) Pierce Jr., and Kirby Wilcher of Oak Ridge National
Laboratory for the insights from their many years of practical experience in energy engineering and
management and Super ESPC project facilitation. Thanks to Erica Atkin for technical editing and
assistance in writing this report.

Xi



Xii



ABBREVIATIONSAND ACRONYMS

AE
DOE
DX
ECM
EM
ESCO
ESPC
FEMP
FY
GDP-IPD
HVAC
LCC
M&O
M&V
Oo&M
OMB
R&R
UESC
VAV
VFD

Architectural/engineering

U.S. Department of Energy

Direct expansion

Energy-conservation measure

Energy management

Energy services company
Energy-savings performance contact(ing)
Federal Energy Management Program
Fiscal year

Gross Domestic Product Implicit Price Deflator
Heating, ventilation, and air conditioning
Life-cycle cost

Management and operations (contractor)
Measurement and verification
Operations and maintenance

Office of Management and Budget
Repair and replacement

Utility energy services contract

Variable air volume

Variable-frequency drive

Xiii



Xiv



EXECUTIVE SUMMARY

Federal agencies have had performance contracting authority since 1985, when Congress first
authorized agencies to enter into shared energy savings agreements with Public Law 99-272, the
Consolidated Omnibus Budget Reconciliation Act. By the end of FY 2001, agencies had used energy
savings performance contracts (ESPCs) to attract private-sector investment of over $1 billion to improve
the energy efficiency of federal buildings. Executive Order 13123 directs agencies to maximize their use
of aternative financing contracting mechanisms such as ESPCs when life-cycle cost effective to reduce
energy use and cost in their facilities and operations. Continuing support for ESPCs at the Administration
and Congressional levelsis evident in the pending comprehensive national energy legisliation, which
repeals the sunset provision on ESPC authority and extends ESPC authority to water savings projects.

Despite the Congressional and Presidential directives to use ESPCs, some agencies have been
reluctant to do so. Decision makers in these agencies see no reason to enter into long-term obligations to
pay interest on borrowed money out of their own operating budgets if instead Congress will grant them
appropriations to pay for the improvements up front. Questions frequently arise about whether pricing in
ESPCs, which are negotiated for best value, is as favorable as prices obtained through competitive
sourcing, and whether ESPC as a means of implementing energy conservation projectsis aslife-cycle
cost effective as the standard practice of funding these projects through appropriations.

PURPOSE OF THE STUDY

Thelack of any quantitative analysis to address these issues was the impetus for this study. ESPCs are
by definition cost-effective because of their “ pay-from-savings’ requirement and guarantee, but do their
interest costs and negotiated pricing extract an unreasonably high price? Appropriations seem to be the
|east-cost option, because the U.S. Treasury can borrow money at lower interest rates than the private
sector, but appropriations for energy projects are scarce. What are the costs associated with requesting
funding and waiting for appropriations? And how isthe value of an energy project affected if savings that
are not guaranteed do not last?

The objective of this study was to develop and demonstrate methods to help federal energy managers
take some of the guesswork out of obtaining best value from spending on building retrofit energy
improvements. We developed a method for comparing all-inclusive prices of energy conservation
measures (ECMs) implemented using appropriated funds and through ESPCs that illustrates how agencies
can use their own appropriations-funded project experience to ensure fair ESPC pricing. The second
method documented in this report is for comparing life-cycle costs. This method illustrates how agencies
can use their experience, and their judgment concerning their prospects for appropriations, to decide
between financing and waiting.

COMPARISON OF ALL-INCLUSIVE PRICESFOR ECMS

The first methodology compares the al-in prices for same-sized ECMs having the same technical
scopes that were implemented through Super ESPC and appropriations-funded projects. The methodology
entails detailed analysis of financial and technica records to verify the technical scope of the ECMs and
deducts all costs not related to the bare ECM. Researchers concentrated their study on three ECMs that
represent about half of Super ESPC investment and are also common in appropriations-funded projects:
chiller replacements, lighting retrofits, and variable-frequency drives. About $13 million worth of ECMs
implemented each way were analyzed.

Using regression anaysis techniques, the study team found no statistically significant differences
between the all-in prices for similarly sized ECMs having the same technical scopes in the Super ESPCs
and the studied sample of appropriations-funded projects. The analysis showed that in this case the
pricing obtained in Super ESPCs, which use a design—build approach negotiated for best value, was as
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good as the pricing obtained for the appropriations-funded projectsin the traditional bid-to-spec
competitive procurements. The $13 million in appropriations-funded ECMs were al from two adjacent
sites within one agency.

This method allows agencies to compare the pricing in their past appropriations-funded projects with
the prices offered by ESCOsin their initial and final ESPC proposals. All-inclusive ECM prices are a
much better indicator of value in pricing than intermediate accounting conventions such as mark-up, and
this method can help agency teams who are negotiating ESPCs focus their pricing due diligence on
obtaining reliable quantitative answers.

COMPARING PROCESSES

A second methodol ogy was developed to compare the life-cycle costs of using ESPCs and
appropriations to implement a“typical project,” defined as the average project implemented under the
DOE Super ESPC program. Researchers carefully studied the activities and costs of the two processes and
used federally specified techniques for analyzing life-cycle costs to ensure that the method would yield
valid and meaningful results.

The averages to characterize the ESPC process steps, timing, and costs were modeled on the DOE
Super ESPC program, which accounts for nearly one quarter of all federal ESPC investment to date. Data
were derived from program records and the financia schedules of the first 71 DOE Super ESPC delivery
orders (worth $230 million), all awarded by the end of FY 2001.

The appropriations modd is based on the two-step process used by several large agencies for
distributing direct project funding to sites. First the site requests funds for an energy survey and feasihility
study for a proposed project. If step-one funding is received, the site completes the survey and study, and
submits a request for implementation funding supported by the study report and a detailed cost estimate
(based on 30% completed design). The requested step-two funding, if received, is used to complete the
design and construct the project. The steps, timing, and costs that characterize the appropriations model
are based on about $28 million worth of projects proposed for agency funding by one federal site during
federal fiscal years (FY's) 1994 and 1995.

USEFULNESSOF THE STUDY

The results of the analysis are expressed parametrically in 20-year life-cycle cost-comparison tables,
represented here by Table ES-1 and Figure ES-1. There are severa caveats associated with the use of the
tables, but in general, agencies can refer to the table entries matching their historical or forward-looking
estimates of the key parameters defining the appropriations case to obtain a customized comparison
between the life-cycle costs of implementing the “typical project” (or afleet of typical projects) with
appropriations and the average ESPC. The key parameters defining the life-cycle cost when using
appropriations are total process time (the time elapsed before the ECM s are operating and saving energy),
costs for surveys and studies required in the process of requesting funding (as a percentage of design
completion and construction costs), and degradation of savings over time (expressed as a percentage per
year).

Those who use the parametric tables should be aware of the assumptions embedded in the
comparisons. All the parameterized appropriations cases are modeled on the two-step appropriations
funding process described above and common to several large agencies. It is certainly possible that
agencies could conceive of and implement more efficient processes to allocate scarce appropriated funds.
The ESPC model, to which the appropriations cases are compared, is based on all-agency averages, such
as the 28-month timeline from kickoff meeting to government acceptance of an operating project. Thereis
no inherent feature of the Super ESPC program that prevents any agency from achieving timelines equal
to the average of dl participating agencies, but even with their best efforts, some agencies may take
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Table ES-1. Present value of life-cycle cost ratio (appropriations over
ESPC) of typical project asa function of total survey and study costs
and total processtime. The shaded cells (ratio < 1) represent cases
where life-cycle cost of appropriationsislower than life-cycle cost

of an average ESPC.
Total Total survey and study costs
process (as percentage of design completion and construction cost)
(#}rg:) 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24% 26%

28 0.8969 0.9099 0.9231 0.9361 0.9491 0.9623 0.9753 0.9883| 1.0015 1.0145 1.0275 1.0407
30 0.9028 0.9160 0.9290 0.9422 0.9552 0.9682 0.9814 0.9944| 1.0074 1.0206 1.0336 1.0466
32 0.9087 0.9217 0.9347 0.9479 0.9609 0.9739 0.9869 0.9999| 1.0129 1.0259 1.0391 1.0521
34  |0.9146 0.9276 0.9406 0.9536 0.9666 0.9796 0.9928| 1.0058 1.0188 1.0318 1.0448 1.0578
36 ‘0.9202 0.9332 0.9462 0.9592 0.9722 0.9855 0.9985| 1.0115 1.0245 1.0375 1.0505 1.0635
38 0.9259 0.9389 0.9519 0.9649 0.9779 0.9909| 1.0039 1.0171 1.0301 1.0431 1.0561 1.0691
40 0.9314 0.9444 0.9572 0.9702 0.9832 0.9962| 1.0092 1.0222 1.0352 1.0482 1.0612 1.0742
42 0.9369 0.9497 0.9627 0.9757 0.9887| 1.0017 1.0147 1.0277 1.0407 1.0537 1.0667 1.0797

44 | 0.9422 0.9552 0.9682 0.9812 0.9942| 1.0072 1.0202 1.0332 1.0462 1.0592 1.0722 1.0852 The results of the life-cycle
[OSR a oota i S a5 10 L I L RS D
50 |0.9578 0.9708 0.9838 0.9966| 1.0096 1.0226 1.0356 1.0486 1.0614 1.0744 1.0874 1.1004 parametrically, enabling energy

52 |0.9629 0.9759 0.98891.0017 1.0147 1.0277 1.0407 1.0537 1.0665 1.0795 1.0925 1.1055 managers to compare their

54  |0.9678 0.9808 0.9938| 1.0066 1.0196 1.0324 1.0454 1.0584 1.0712 1.0842 1.0970 1.1100 appropriations-funded projects—
56 | 0.9729 0.9857 0.9987| 1.0115 1.0245 1.0375 1.0503 1.0633 1.0761 1.0891 1.1021 1.1149 either past experience or with

58 | 0.9775 0.9905( 1.0035 1.0163 1.0293 1.0421 1.0551 1.0681 1.0809 1.0939 1.1067 1.1197 estimated prospects for project
60 | 0.9822 0.9952| 1.0080 1.0210 1.0338 1.0468 1.0596 1.0724 1.0854 1.0982 1.1112 1.1240 funding—to the average Super
62 |0.9871 0.9999| 1.0127 1.0257 1.0385 1.0515 1.0643 1.0773 1.0901 1.1029 1.1159 1.1287 ESPC

64 0.9899| 1.0027 1.0157 1.0285 1.0415 1.0543 1.0671 1.0801 1.0929 1.1059 1.1187 1.1317

66 0.9944| 1.0074 1.0202 1.0330 1.0460 1.0588 1.0718 1.0846 1.0976 1.1104 1.1232 1.1362
68 0.9989| 1.0117 1.0245 1.0375 1.0503 1.0631 1.0759 1.0889 1.1017 1.1145 1.1272 1.1402

70 1.0031 1.0161 1.0289 1.0417 1.0545 1.0675 1.0803 1.0931 1.1059 1.1189 1.1317 1.1445
72 1.0076 1.0204 1.0332 1.0460 1.0590 1.0718 1.0846 1.0974 1.1104 1.1232 1.1360 1.1488
74 1.0117 1.0245 1.0373 1.0501 1.0629 1.0759 1.0887 1.1014 1.1142 1.1270 1.1398 1.1526

longer than 28 months. To adjust the analysis, agencies can request the spreadsheet used by the authors
and revise the ESPC case to match their agency-specific averages.

The comparison tables also assume parity between the ESPC and appropriations all-in pricing. Those
who are uncomfortable with this assumption may want to perform an ECM-level price analysison a
sample of their own completed projects.

All the parameterized appropriations cases represented in Table ES-1 are modeled assuming that
savings persist without degradation, as they do in the ESPC case. The effects on life-cycle cost of 0.5%,
1%, and 2% savings degradation per year for the appropriations cases are shown in a second set of tables
in the report (4.3, 4.4, and 4.5), which are represented by Figure ES-1.

EXAMPLESOF USING THE PARAMETRIC TABLES

One use of the tablesis to use estimated averages for the three key parameters based on historical
experience with appropriations-funded projects, and refer to the tables for an indication of whether or not
those past projects, as implemented with appropriations, had alower life-cycle cost than could have been
achieved through an average ESPC. For example, afedera energy manager who wants to compare life-
cycle costs of asite’s past energy projectsto life-cycle costs of an average ESPC could use Table ES-1. If
the site’ s estimated survey and study costs for past projects were 10% of design completion and
construction costs, and it generally took 50 months to get the site' s projects up and running, the energy
manager would see from the table that the site’ s past projects had about the same life-cycle cost as the
average ESPC.
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Effect of Savings Degradation on Life-Cycle Cost

Total survey and study costs

Lo ) i Total (as percentage of design completion and
With 2% savings degradation, | process construction costs)

no cases have lower life-cycle | time
cost than average ESPC  |(months)} 4% = 6% : 8%  10% | 12%  14%] 16% 18%

28
30
32
34
36
38
40

42
a4
46

1% savings degradation 48

50

52

54
56

0.5% savings degradation 58
60
62
64

66
0% savings degradation 68

70

Figure ES-1. The shaded cellsin thisfigure represent appropriations cases having a lower life-cycle cost
than the average ESPC when savingsin the appropriations cases annually degrade by 0%, 0.5%, 1%, and
2% . For this comparison, savings do not degrade in the ESPC case during the performance period (when savings are
guaranteed), and thereafter degrade by the same percentage as the compared appropriations cases.

Thetables could aso be very useful to agencies who must decide how best to proceed when they face
the need to implement alarge inventory of projects to meet their goals and lack sufficient appropriations
to directly fund them all. Suppose that every year an agency receives appropriations from Congress
amounting to just 20% of the funds required to implement all of its required energy efficiency
improvements. Isit better to implement the projects piecemeal—funding 20% of the total every year, and
waiting five years to make all the improvements—or to fund them all up front with ESPC? If the projects
are like the ones typically funded through ESPC, the parametric tables can be used to find the answer.

For example, assuming appropriations-funded projects can be carried out on the same 28-month
schedule as ESPC, and that survey and study funds amount to 12%, Table 4.1 shows that the life-cycle
cost of the typical energy efficiency project funded by appropriationsis about 94.91% of the life-cycle
cost of the same project carried out with an ESPC. Now assume an agency has five such projectsto
implement, but only enough appropriations to fund one of them per year. The ratio for the second year’s
project would be about 0.9832 (Table 4.1 with 28 + 12 = 40 month process time and 12% survey and
study costs). Likewise, the ratio for the third year's project would be 1.0147 (Table 4.1 with 28 + 12 +
12 = 52 month process time and 12% survey and study costs). Altogether, the life-cycle cost ratio for
funding all five projects with appropriationsis 0.9491 + 0.9832 + 1.0147 + 1.0415 + 1.0675 = 5.065.
Since we have added the individual ratios, if the cost of implementing the projects with appropriations

XViii



were equa to the cost of implementing them with ESPC, the sum would be exactly 5. However in this
case the sum is greater than 5, so the life-cycle cost of funding the projects over five years with
appropriationsis greater than the life-cycle cost of funding them all up front with ESPC.

CONCLUSIONS

Theinitial applications of the cost-analysis methods demonstrated in this report and the parameterized
results only reinforce the traditional knowledge in federal energy management: If appropriations are in
hand, using them to directly fund energy projects results in the lowest life-cycle cost, assuming that
operating projects are achieved on a short schedule and that their savings persist. However, in recent years
appropriations have been insufficient to directly fund al life-cycle cost-effective retrofit projects, and it
appears unlikely that Congress will place a higher priority on funding such projectsin the near future than
it hasin the recent past. Lacking sufficient appropriations, the next best thing in terms of life-cycle cost is
to finance projects rather than wait for appropriations.

When they do use ESPCs, federal energy managers need assurance that the pricing negotiated in
those contracts is comparable to the pricing they can obtain through the competitive bid-to-spec
procurement process with appropriations funding. Our method for comparing all-inclusive prices can be
used to ensure fair ESPC pricing. For most ECMs agencies can derive all-inclusive price benchmarks
from their own appropriations-funded projects. These benchmarks can be used to compare the prices
offered by ESCOs in their initial and final ESPC proposals to what the agency paid for the same thing
with appropriations funding. Using this method, agency teams who are negotiating ESPCs can learn to
focus their pricing due-diligence on al-inclusive ECM prices rather than intermediate accounting
conventions such as mark-ups, which are included in the al-inclusive prices.

The life-cycle cost-comparison methods described in this report can be used by federal energy
managers to consider the relative merits of waiting for appropriations or using an ESPC. Using estimates
of afacility’s historical averages for the key parameters, energy managers can refer to the parametric
tables and see how the life-cycle costs of the alternatives compare. Using their own experience and
judgment concerning their prospects for appropriations, they can decide whether financing, waiting, or
some combination of both isthe best business decision.

To make the most progress toward al their goals, it isimportant for agenciesto use their limited in-
hand appropriations and other tools—such as aternative financing vehicles—wisely. Rather than using
scarce appropriations to fund projects that can easily pay for themselves, they should be used to make
progress toward renewables goals or to directly fund marginally economic infrastructure projects. The
cost-comparison methods described in this report offer federal decision makers the toolsto learn from
their past projects and move forward with confidence that they are making optimum progress and
obtaining best value for the government.
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1. INTRODUCTION

1.1 AUTHORIZATION OF FINANCING FOR FEDERAL ENERGY PROJECTS

A fact that is virtually unknown among the general public isthat the U.S. government and its
agencies—civilian and military—have steadily improved the energy efficiency of federal facilitiesin the
last ten years. The Energy Policy Act of 1992, building on the National Energy Conservation Policy Act
of 1978 as amended by the Federal Energy Management Act of 1988, first established statutory energy
savings mandates for U.S. federal agencies. Subsequent Presidential executive ordersin 1994 and 1999
set increasingly ambitious goals. Federal agencies are now (collectively) on track to meet the mandate set
by Executive Order 13123 to use 35% less site energy per square foot in standard buildings by 2010 than
consumed in 1985. The order also setsfedera site energy reduction goals for energy-intensive facilities
(as opposed to standard buildings) and sets goals for water conservation, reduction of carbon emissions,
use of renewable energy, and other improvements.

To accelerate investment in cost-effective energy conservation measures (ECMs), these laws and
executive orders authorized and encouraged the use of private-sector financing for implementing federal
energy-efficiency projects. Executive Order 13123 directs agencies to maximize their use of aternative
financing contracting mechanisms, when life-cycle cost effective, to reduce energy use and cost in their
facilities and operations. Energy savings performance contracts (ESPCs) and utility energy service
contracts (UESCs) account for almost all of the financed federal energy projects accomplished to date.

The U.S. Department of Energy (DOE) was charged with developing rules for federal use of ESPCs
and in 1995 issued its rule-making as 10 CFR Part 436. DOE del egated the responsibility for implement-
ing afederal ESPC program to its Federal Energy Management Program (FEMP). FEMP’ s overall
mission isto “reduce the cost and environmental impact of the government by advancing energy effi-
ciency and water conservation, promoting the use of renewable energy, and improving utility manage-
ment decisions at Federal sites.”

FEMP integrated an Alternative Financing Program into its other activities, published model ESPC
solicitations, and began helping agencies implement financed energy projects. ESPCs alow agenciesto
accomplish magjor energy-efficiency improvements without relying on capital appropriations from
Congress. Under an ESPC, a private energy services company (ESCO) provides the project development
and design—build construction expertise to finance and implement ECMs and guarantees that the
improvements will result in a specified level of energy and cost savings. The cost savings generated by
the project must cover the payments for the ESPC over the term of the contract.

However, the process of awarding stand-alone ESPCs for individua agency sites—anew and
unfamiliar procurement practice in the federal sector—proved cumbersome and time-consuming. To
streamline the process and make ESPCs a more practical option, FEMP competitively awarded indefinite-
delivery, indefinite-quantity contracts, “ Super ESPCs,” to anumber of ESCOsin 1997-1998. (The Air
Force and Army also have umbrella-type ESPCs in place.) The Super ESPCs establish the general scope
of work, terms, and conditions for fixed-price performance-based energy-savings projects, so amajor part
of the procurement processis already done. In afraction of the time it takes to develop a site-specific
ESPC, federal customers can place and implement delivery orders under the umbrella Super ESPC
contracts.

1.2 ROLE OF ESPCsIN STRATEGY TO MEET FEDERAL ENERGY GOALS

FEMP' s programs are designed to help and encourage agencies to improve their facilities' energy
efficiency and meet federal energy goals. FEMP provides energy management training and technical and
design assistance through a number of programs, as well as guidelines to help agencies select the most
efficient equipment available when making purchases. FEMP also conducts outreach, awareness
campaigns, and awards programs. FEMP’ s project financing efforts include the Super ESPC Program, a




Utility Program to support agencies’ use of UESCs, and initiatives to help agencies use enhanced-use and
other leasing authorities. FEM P supports agencies in using these financing mechanismsin keeping with
the spirit of the legidation and executive orders that direct agenciesto use them. FEMP uses every
practical means at its disposal to support agencies efforts to reduce energy use and costs to the
government.

In recent years a significant share of agencies progress toward meeting federal energy-use reduction
goals has been the result of retrofitting buildings through the Air Force, Army, and DOE ESPCs; UESCs;
and direct appropriations funding. Recent analysis indicates that significant cost-effective energy retrofit
potential still exists at federal sites (Brown, Dirk, and Hunt, 2000).

1.3 ACCEPTANCE OF ALTERNATIVE FINANCING IN THE FEDERAL SECTOR

Many federal facility managers and energy managers have found UESCs and ESPCs to be a good
way—if not the only possible way—to accomplish significant energy improvements. Direct funding in
the form of capital appropriations for energy-efficiency projectsis simply not adequate to accomplish the
goas. By the end of fiscal year (FY) 2001, agencies had used ESPC (and its predecessor authority, shared
energy savings) to attract over $1 billion in private investment to improve federal buildings (FEMP,
2002). It is conservatively estimated that private investment through UESCs up to the same point in time
was $675 million (FEMP, 2002a). At current investment rates this means total private-sector investment
through UESCs and ESPCs exceeded $2 billion by the end of FY 2002.

Given the Congressional and Presidentia directives for agencies to use these financing vehicles to
improve their facilities, the degree of resistance to their use is surprising. Continuing support for ESPCs
at the Administration and Congressional levelsis evident in the pending comprehensive national energy
legiglation, which repeals the sunset provision on ESPC authority and extends ESPC authority to include
water conservation projects, among other things.

Then again, perhaps the persistent reluctance to finance energy projects is the natural responseto a
procurement practice that is diametrically opposed to the more familiar government approach of
reguesting appropriations to directly fund projects, waiting for the funds, and then competitively sourcing
the building improvements to the low-bid contractor. Decision makers in these agencies see no reason to
pay interest out of their own budgets on borrowed money if instead Congress grants them appropriations
to pay for the improvements and thereby directs the U.S. Treasury to do the borrowing. Questions
frequently arise about whether pricing in ESPCs, which are negotiated for best value, is as favorable as
pricing through competitive sourcing.

On the other hand, by some accounts the most expensive choiceis to do nothing, allowing inefficient,
obsolete equipment to remain in service, and continually wasting appropriated funds on unnecessary
energy use and emergency maintenance, repairs, and replacements. Some agencies have accepted the
extra cost that financing entails as the necessary price for making mission-critical improvements to their
facilities and making progress toward their energy gods. Many regard Super ESPCsto be afinancially
smart choice because of (among other benefits) the guarantee that al costs, including debt repayment and
the ESCO’ s follow-up responsibilities, will be covered by the cost savings produced by new ECMs.
Others are understandably more concerned about the perceived loss of flexibility inherent in along-term
commitment (Super ESPCs can have terms up to 25 years), are fiscally or philosophically opposed to the
government paying interest (except on borrowing through the Treasury), or are unconvinced that
negotiation can yield pricing as favorable as that obtained through competition.

1.4 OBJECTIVESOF THISSTUDY

The lack of any quantitative answers to the questions about fair pricing and comparison of life-cycle
costs raised in the foregoing discussion was the impetus for this study. ESPCs are by definition cost-
effective because of their “ pay-from-savings’ requirement and guarantee, but do their interest costs and




negotiated ECM pricing extract an unreasonably high price? Appropriations are assumed to be the least-
cost option, because the U.S. Treasury can borrow money at lower interest rates than the private sector,
but appropriations for energy projects are scarce, and it costs agencies money to get appropriated money.
What are the costs associated with requesting funding and waiting for appropriations? And how isthe
value of an energy project affected if savings that are not guaranteed do not last?

The objective of this study was to develop and demonstrate methods to help federal energy managers
take some of the guesswork out of obtaining best value from spending on building retrofit energy
improvements. We developed a method for comparing all-inclusive prices of ECMsimplemented using
appropriated funds and through ESPCs that illustrates how agencies can use their own appropriations-
funded project experience to ensure fair ESPC pricing. The second method documented in thisreport is
for comparing life-cycle costs. This method illustrates how agencies can use their experience, and their
judgment concerning their prospects for appropriations, to decide between financing and waiting.

1.5 COMPARISON OF ALL-INCLUSIVE PRICESFOR ECMs

Chapter 2 describes the method for comparing the al-inclusive prices for same-sized ECMs having
the same technical scopes that were implemented through Super ESPC and appropriations-funded
projects. The methodology entails detailed analysis of financial and technical records to verify the
technical scope of the ECMs and deducts all costs not related to the bare ECM. Researchers concentrated
their study on three ECM s that represent about half of Super ESPC investment and are also common in
appropriations-funded projects: chiller replacements, lighting retrofits, and variable-frequency drives.
About $13 million worth of ECMs implemented each way were analyzed.

Using regression analysis techniques, the study team found no statistically significant differences
between the all-in prices for similarly sized ECMs having the same technical scopesin the Super ESPCs
and the studied sample of appropriations-funded projects. The analysis showed that in this case the
pricing obtained in Super ESPCs, which use a design—build approach negotiated for best value, was as
good as the pricing obtained for the appropriations-funded projectsin the traditional bid-to-spec
competitive procurements. The $13 million in appropriations-funded ECMs were all from two adjacent
sites within one agency.

1.6 COMPARING PROCESSESAND LIFE-CYCLE COSTS

We also developed a methodology to compare the life-cycle costs of using ESPCs and appropriations
to implement a“typical project,” defined as the average project implemented under the DOE Super ESPC
program. Researchers carefully studied the activities and costs of the two processes and used federally
specified techniques for analyzing life-cycle costs to ensure that the method would yield valid and
meaningful results. This method and some examples of its use are described in Chapters 3 and 4.

The averages to characterize the ESPC process steps, timing, and costs were model ed on the DOE
Super ESPC program, which accounts for nearly one quarter of all federal ESPC investment to date. Data
were derived from program records and the financia schedules of the first 71 DOE Super ESPC delivery
orders (worth $230 million), all awarded by the end of FY 2001.

The appropriations model is based on the two-step process used by several large agencies for
distributing direct project funding to sites. Step-one funding sponsors the surveys and studies required to
request the step-two funding for project implementation (i.e., design completion and construction). The
key parameters defining the life-cycle cost when using appropriations are total process time (the time
elapsed before the ECM s are operating and saving energy), costs for surveys and studies required in the
process of requesting implementation funding (as a percentage of design completion and construction
costs), and degradation of project cost savings over time (expressed as a percentage per year). These three
key parameters are inputs to the model and allow agencies to customize the appropriations case to match
their circumstances. The appropriations process model must also alocate total process time between




intermediate milestones where the costs occur. The time proportioning assumptions are based on a
detailed examination of about $28 million worth of projects proposed for agency direct funding by one
federal site during federal FY 1994 and 1995.

The results of the analysis are expressed parametrically in life-cycle cost comparison tables
(Tables4.1, 4.3, 4.4, and 4.5). There are several caveats associated with the use of the tables, but in
general, agencies can refer to the table entries matching their historical or forward-looking estimates of
the key parameters defining the appropriations case to obtain a customized comparison between the life-
cycle costs of using appropriations to implement the “typical project” (or afleet of typical projects) and
the average ESPC.

1.7 USEFULNESS OF THE COST-COMPARISON METHODOLOGIES

Theinitia applications of the cost-analysis methods demonstrated in this report and the parameterized
results only reinforce the traditional knowledge in federal energy management: If appropriations are in
hand, using them to directly fund energy projects results in the lowest life-cycle cost, assuming that
operating projects are achieved on an acceptably short schedule and that their savings persist. However, in
recent years appropriations have been insufficient to directly fund al life-cycle cost-effective retrofit
projects, and it appears unlikely that Congress will place a higher priority on funding such projectsin the
near future than it has in the recent past. Lacking sufficient appropriations, the next best thing in terms of
life-cycle cost isto finance projects rather than wait for appropriations.

When they do use ESPCs, federal energy managers need assurance that the pricing negotiated in
those contracts is comparable to the pricing they can obtain through the competitive bid-to-spec
procurement process with appropriations funding. Our method for comparing all-inclusive prices can be
used to ensure fair ESPC pricing. For most ECM s agencies can derive all-inclusive price benchmarks
from their own appropriations-funded projects. These benchmarks can be used to compare the prices
offered by ESCOs in their initial and final ESPC proposals to what the agency paid for the same thing
with appropriations funding. Using this method, agency teams who are negotiating ESPCs can learn to
focus their pricing due-diligence on al-inclusive ECM prices rather than intermediate accounting
conventions such as mark-ups, which are included in the al-inclusive prices.

The life-cycle cost-comparison methods described in this report can be used by federal energy
managers to consider the relative merits of waiting for appropriations or using an ESPC. Using estimates
of afacility’s historical averages for the key parameters, energy managers can refer to the parametric
tables and see how the life-cycle costs of the alternatives compare. Using their own experience and
judgment concerning their prospects for appropriations, they can decide whether financing or waiting or
some combination of both is the best business decision.

To make the most progress toward al their goals, it isimportant for agenciesto use their limited in-
hand appropriations and other tools—such as aternative financing vehicles—wisely. Rather than using
scarce appropriations to fund projects that can easily pay for themselves, they should be used to make
progress toward renewables goals or to directly fund marginally economic infrastructure projects. The
cost-comparison methods described in this report offer federal decision makers the toolsto learn from
their past projects and move forward with confidence that they are making optimum progress and
obtaining best value for the government.




2. ECM-LEVEL COST COMPARISON

2.1 INTRODUCTION

Questions frequently arise about whether pricing in ESPCs, which are negotiated for best value, is as
favorable as pricing obtained through competitive sourcing. These questions are central to the issue of
value in energy retrofit projects and are pivotal in devel oping methodologies for comparing life-cycle
costs of energy projects.

The methodology documented in this report for comparing all-inclusive prices of ECMs implemented
using appropriated funds and through ESPCsiillustrates how agencies can use their own appropriations-
funded project experience to ensure fair ESPC pricing. This method compares the all-in prices for same-
sized ECMs having the same technical scopes and entails detailed analysis of financia and technical
records to verify the technical scope of the ECMSs. All costs not related to the bare ECM are deducted in
all cases.

This method allows agencies to compare the pricing in their past appropriations-funded projects with
the prices offered by ESCOs in their initial and final ESPC proposals. All-inclusive ECM prices are a
much better indicator of value in pricing than intermediate accounting conventions such as mark-up,
which are included in the ESPC implementation price, and this method can help agency teams who are
negotiating ESPCs focus their pricing due diligence on what is important—the bottom-line price.

In our initial application of this methodology, we analyzed data on $13 million worth of ECMs
implemented under Super ESPCs and $13 million worth of appropriations-funded ECMs from two
adjacent sites within one agency. Using regression analysis techniques, we found no statistically
significant differences between the al-in prices for similarly sized ECMs having the same technical
scopes in the Super ESPCs and the studied sample of appropriations-funded projects. The anaysis
showed that in this case the pricing obtained in Super ESPCs, which use a design—build approach
negotiated for best value, was as good as the pricing obtained for the appropriations-funded projectsin the
traditional bid-to-spec competitive procurements.

2.2 SORTING COST ELEMENTS

ESPCs and most appropriations-funded projects entail similar activities and expenses, but different
patterns of execution and funding, as charted in summary form in Figure 2.1. To compare ECM prices,
we first had to compare the processes and ensure that cost elements were appropriately segregated and
accounted for. The total ESPC implementation price (adjusted as described below) is compared to only
the anal ogous costs in the appropriations-funded projects (al so adjusted).

The agency-administered appropriations-funded program used by several large agencies required the
agency site to compete for funding with other sitesin atwo-step process. Sites requested funding for
surveys and feasibility studiesin Step 1, and in Step 2 requested funds to implement the projects that were
defined using Step 1 funding.

The site would first prepare arequest for survey and study funds from the agency. If received, the
funds would be used for a detailed energy survey and feasibility study, including estimates of energy and
maintenance cost savings, and a unit-cost-level estimate of al funding required to implement the project
at the site. In general, the amount requested for survey and study funding included resources sufficient to
carry design to 30% completion, because this level of detail is required to support credible estimates of
costs for design completion, construction, and energy and maintenance cost savings. These detailed
estimates were needed at this early stage because the agency required that aformal life-cycle cost analysis
be submitted as part of the Step 2 request, as funding decisions were based on criteria such as savings-to-
investment ratio (SIR).

The unit-cost estimate for design completion and construction that supported the Step 2 request for
project implementation funding included most of the expenses covered by the ESPC implementation
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Figure2.1. Themajority of expensesincurred in ESPCs and appropriations-funded energy projectsare
identical, but patterns of executing and funding the projects differ.

price, but naturally did not include costs for surveys, studies, and engineering to 30% design completion,
which had aready been disbursed to the sitein Step 1. The site’s estimates and funding requests did
include the costs of agency site project management and construction oversight. If the request was
approved, the agency would disburse the entire amount to the site to be used to complete project design,
develop a bid-to-spec package and send it out for bids, evaluate bids, award a construction contract to the
lowest bidder, and pay the contractor to construct the project.

According to our analysis of the cost elements of the two processes, the design completion and
construction cost for an appropriations-funded project is comparable to the ESPC project implementation
price. In other words, ECM pricing parity is shown if, to implement exactly the sasme ECMs, an ESCO
would reguire the same amount for all of the direct and indirect costs necessary to take the project to fina
completion and government acceptance as would be required for the site to complete the design and to
competitively hire ageneral contractor to provide the site work, materials, labor, and project management
necessary to construct the project and gain government acceptance. The analysis described in this chapter
isolates these cost elements and tests whether they are indeed equivalent for the average Super ESPC and
our sample of appropriations-funded projects. In this section we present the data and analysis used for this
comparison of ECM pricing.




Although agency site personnel perform some project management and construction oversight
activitiesin both ESPC projects and appropriations-funded projects, their costs are not included in the
average Super ESPC implementation price, which is our basis for comparison. Therefore, to conserve the
validity of the comparison, these costs were deducted from the appropriations cases.

One straightforward approach to analyzing pricing parity would be to compare severa pairs of
projects of identical scope, one of each pair implemented under ESPC and the other with appropriated
funds. Because no such paired projects exist, we turned to ECM-level data. This was possible because the
financia schedules of Super ESPC projects break costs down by ECM category, and the unit-cost-level
estimates for appropriations-funded projects are detailed enough to allow the cost of individual ECMsto
be separated. Our objective was to determine whether for ECMs of similar size and scope, any significant
statistical differences exist between the implementation price required to install the ECMs under ESPC,
and the amount a site would request for design completion and construction (minus site project
management and construction oversight costs) to implement the same ECMs under the agency’s
appropriations-funded energy management program.

Based on the project data available, we chose to study three ECM categories: chiller replacements,
lighting retrofits, and installation of variable-frequency drives (VFDs). Together, these three comprise
nearly 50% of the $230 million in building improvements carried out through FY 2001 using Super
ESPC. They also represent a significant fraction of the energy conservation projects proposed to the
agency for appropriated funding by the two adjacent sites whose records we examined.

We began with the financial schedules of the 71 Super ESPC projects and a file containing records
(feasibility studies, unit-cost estimates, etc.) for 35 energy conservation projects proposed for
appropriations funding by the two adjacent sites. After identifying the projects that contained chiller
replacements, lighting retrofits, or VFD installations, we performed a careful analysis of the cost data to
separate the cost of the bare ECM s we were interested in from the total cost of each project. To account
for inflation and regional price variation, we then adjusted prices according to the GDP-IPD, or Gross
Domestic Product Implicit Price Deflator (U.S. Department of Commerce, 2002) appropriate for the
project date.

2.3 SEPARATING ECM COSTSFROM TOTAL PROJECT COSTS

Comparing the costs of individua ECMs from different projects at different sites presents a number
of difficulties. The cost to install even an identical piece of equipment at two different sites could vary
widely depending on the site work and tie-ins required, the cost of labor and materials, and the overhead
and profit charged by two different contractors in two different locations. Nevertheless, we fedl itis
reasonable for federal site managers to expect answers to questions such as, “On average, what does it
cost to replace 300 tons of chiller capacity at my site?’ Such questions can only be answered with
historical data. Undoubtedly, the best source of information is real projects having both detailed ECM
scope descriptions and detailed cost estimates.

2.3.1 Cost Data Sourcesfor ESPC ECMs

Financial schedules for Super ESPC projects provided us with ECM-level cost information for alarge
number of actual projects. Schedule DO-2 (formerly H-2 in some regions prior to contract amendments)
requires ESCOs to separate implementation pricesinto ECM categories, and in most cases the ECM price
includes all of the direct and indirect costs (plus mark-up) listed in Figure 2.1. Projects awarded after the
consistency amendments have the survey and study costs broken out as a separate line item. When ECMs
from these projects were included in the samples, the ECM prices included their proportional share of the
survey and study costs. In these cases, the cost of the project-wide survey and study was allocated to each
ECM in proportion to the percent of the total price it represented.




A significant problem with the financial schedule data, however, is that the financia schedules
include only a short description of the ECM. For example, an ECM described as a“lighting upgrade”
could be focused on tube and ballast replacements, occupancy or daylighting controls, fluorescent fixture
upgrades, conversion from incandescent to fluorescent fixtures, fixture replacements, or any combination
of these improvements. “ Chiller replacement” tells nothing about the number of chillers replaced, their
size, or the supplemental equipment often embedded in the ECM (i.e., cooling towers, VFDs, pumps,
piping modifications, and others). For this reason it was necessary to also examine the ECM scope
descriptions of the sampled ECMs, which were contained in the delivery order final proposals. This
required access to the final proposals, and because proposals for the Southeast region were readily
available to us, our analysisis based primarily on Super ESPC projects in the Southeast region of the
United States. Since the appropriations-funded ECM records we examined were from adjacent sitesin the
Southeast within one agency, this was probably just as well. The scope descriptions enabled us to build
samples of ECMs from Super ESPC projectsin each ECM category that were sufficiently homogeneous
and comparable to similar sasmples of ECMs from appropriations-funded projects. In some cases cost
adjustments were necessary, as described in greater detail in the sections pertaining to each ECM
category.

2.3.2 Cost Data Sourcesfor Appropriations-Funded Projects

For appropriations-funded projects the detailed cost estimates that supported the Step 2 requests for
design compl etion and construction funds were our source of ECM cost data. In all cases when requests
were funded, the funds provided to the site for ECM completion equaled the amount requested, which
equaled the amount from the detailed cost estimate. By examining the ECM scope descriptionsin the
study reports and using the detailed cost estimates to make adjustments, samples of ECMs from
appropriations-funded projects were developed that were comparable to those from Super ESPC projects.

2.3.3 Example of Adjustments Used to Isolate Appropriations-Funded Costsfor Bare ECMs

The following is an example of how we used the detailed cost estimates to adjust costs where
necessary. The example pertains to an energy conservation project for a 45,000-square-foot office
building. The existing HVAC equipment consisted of a multi-zone hot deck/cold deck air handling
system using steam coils to provide heated air to the hot deck, and direct expansion (DX) coils fed by four
R-12 air-cooled vapor-compression machines to provide chilled air to the cold deck. To meet the zone
set-point temperatures, heated and cooled air were mixed and supplied at a constant flow rate to each
zone. In 1994, the site requested funds to replace the R-12 air-cooled vapor compression machines with a
CFC-free 120-ton air-cooled screw chiller to produce chilled water. The DX coils would be replaced with
water-to-air coils, and the constant-volume air handling system would be converted to variable air volume
(VAV).

2.3.3.1 Source Data

Asrequired by the agency, engineers at the site carried the design through 30% compl etion and
prepared a detailed cost-benefit study for the project, including estimates of energy savings, maintenance
savings, and costs for design completion and construction, project management, and construction
oversight. The unit-cost-level design/construction cost estimate prepared by the site's cost estimators was
detailed enough to alow us to estimate the project cost with the scope reduced to chiller replacement
only.

2.3.3.2 Eliminating Unrelated ECM Costs

The original cost estimate for the project is summarized in Table 2.1. Our first step was to examine all
of the line items listed under the category of construction to determine which were related specifically to




Table2.1. Original cost estimate for example appropriations-funded chiller project

Cost asfraction of

Category Cost construction

Engineering (Titlel, I, & 111) $116,614 0.278
Field support $71,817 0.171
Construction and AE support $27,601 0.066
Project management $14,271 0.034
Construction

Electrical $47,712

HVAC $205,809

Piping $136,413

Structural $29,584
Subtotal, construction $419,518
Contractor direct & indirect costs $84,630 0.202
Health and safety $15,000 0.036
Subtotal $749,451
Overheads (15.7%) $117,764
Contingency (20%) $173,443
Total $1,040,658

the chiller replacement and which should be assigned to the associated equipment. Some of the line item
costs we deducted were the following:

e VAV boxes e Steam piping

e VAV coils e Controls and instrumentation
e DDC control system e HVAC supports

o Air handler piping o VFDs

e Air handler supports

Altogether, these deletions reduced the construction costs by $256,978—from an original figure of
$419,518 down to $162,540.

2.3.3.3 Recalculating Non-Construction Costs

Next we determined how each of the other cost categoriesin the original estimate was related to the
total construction cost. For example, engineering, at a cost of $116,614, is 0.278 times the total
construction cost of $419,518. Likewise, the cost of field support is $71,817, or 0.171 times the total
construction cost. The fractions of construction cost represented by all the cost categories are listed in
Table2.1.

Note that the cost of “field support” remainsin the adjusted costs for appropriations-funded ECM
projects. It istrue that as a matter of site policy, tasks such as refrigerant recovery and final electrical and
mechanical tie-ins must be performed by site management and operation (M& O) contractor personnel
rather than construction subcontractors. However, these site requirements are described in the bid-to-spec
package, so the selected genera contractor has not priced these costs into the subcontract. The costs are
the same whether performed by the M& O contractor personnel or subcontractors. These costs are
included in the ESPC ECM implementation prices and are retained in the appropriations-funded ECM
costs to preserve an apples-to-apples comparison.

With dl of the additional costs expressed as a percentage of construction costs, we then applied the
same percentages to the reduced construction cost of $162,540. For example, we estimate that with the




reduced construction costs, the cost of engineering would be $162,540 x 0.278 = $45,181, and the cost of
field support would be $162,540 x 0.171 = $27,825.

2.3.3.4 Excluded Health, Safety, and Security Costs

In this case, the cost adjustment strategy is complicated by the fact that the category “ contractor direct
& indirect costs’ included some health and safety costs. One would expect that al the health and safety
costs would be in the health and safety line item, but a close examination revealed that this was not the
case. Thisleve of health and safety costs would not be present at the majority of federal sites and were
not present in the ESPC ECM prices. Therefore al health and safety costs, including the separate line
item and those embedded in “contractor direct & indirect costs,” were deleted from the appropriations-
funded ECM cost. The embedded cost amounted to 0.005 times the total construction cost, so in the
adjusted estimate, we reduce the “ contractor direct & indirect costs’ fraction from 0.202 to 0.197.

2.3.3.5 Excluded Project Management and Oversight Costs

In the adjusted estimate, we eliminated the cost associated with “construction and AE
[architectural/engineering] support.” Site policy also requiresthe site (M& O) contractor to provide a
certain level of support and oversight of any construction at the site. The cost of this oversight is not
included in the implementation price of ESPC ECMs and for consistency was deleted from the cost of the
appropriations-funded ECMs.

We also exclude the costs associated with “ project management,” which refers to the management
and operating (M& O) contractor’ s project management over the general contractor. In this particular
project it represents about 1.4% of the total cost of the project, and we recognize that it isareal cost. Even
when all aspects of an ECM project are being implemented by a general contractor and its subcontractors,
there is aneed for a representative from the site to coordinate access to buildings and equipment, schedule
service outages, monitor and report progress, inspect the work, observe start-ups, etc. We eliminate this
cost from appropriations-funded projects because, as stated above, it is not included in the implementation
price of ECM projects under ESPC. To make an “ apples-to-apples’ comparison we do not consider these
costsin the life-cycle cost analysis of either option, because these costs are the same in either case. (This
assumption is discussed in more detail in Section 4.3.)

2.3.3.6 Total Adjusted Costs

A summary of the adjusted cost estimate is presented in Table 2.2. Given all of the reductions we
estimate that if the scope of work were reduced strictly to activities associated with removal of the
existing DX machines and installation of the 120-ton air-cooled chiller, the site would have requested
$371,604.

2.3.3.7 Escalation to 2001 Dollars

Finally, note that the cost estimate for the project was produced in November of 1994. By
interpolation from the quarterly values, the GDP-IPD index in November 1994 was 96.98. In December
2001, the base year for this study, the index was at 110.02. To escalate the adjusted construction cost
estimate to December 2001 we multiply it by the ratio of the two indices. Thus the final adjusted cost
estimate for this project is 371,604 x (110.02/96.98) = $421,568.

2.3.3.8 Summary of Cost Adjustment Method

The same basic methodology was used to adjust the costs for all the appropriations-funded ECM
projects so that costs would correspond to bare ECM scopes, and would be comparable to the bare ECM
samples from ESPC. We examined each appropriations-funded ECM detailed cost estimate line by line.
In the above exampl e the line-by-line examination was done in order to (1) remove costs not associated
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Table2.2. Summary of adjusted costsfor the example appropriations-funded
chiller project (not adjusted for priceinflation)

Cost asfraction of

Category Cost construction

Engineering (Titlel, 11, & I11) $45,182 0.278
Field maintenance $27,825 0.171
Construction & AE support - 0
Project management - 0
Construction

Electrical $24,368

HVAC $84,750

Piping $38,118

Structural $15,304
Subtotal, construction $162,540
Contractor directs & indirect costs $32,071 0.197
Health and safety - 0
Subtotal $267,618
Overheads (15.7%) $42,052
Contingency (20%) $61,934
Total $371,604

with the chiller and its mechanical and electrical tie-ins, (2) remove health, safety, and security costs that
are unlikely to be present at other federa sites and are not present in the ESPC ECM samples, and

(3) eliminate M& O contractor costs for construction and AE support and project management, which are
real costs but are not in the ESPC ECM samples. Costs for engineering, field support, and contractor
direct and indirect costs were apportioned according to the adjusted construction costs. Costs were then
escalated to December 2001 dollars using the GDP-IPD.

Fewer of the ESPC ECMs needed cost adjustments because the actual ECM projects had the desired
scopes. When adjustments were needed they were not as involved, because the cost backup information
readily available was not as detailed. Where it was possible to determine average costs for ECMs
“contaminated” by auxiliary equipment (for example, cooling tower replacement contained in a chiller
ECM) these costs were subtracted from the implementation price. The ECM prices were then corrected
for geographical location and general price inflation.

2.4 COMPARISON OF CHILLER REPLACEMENT COSTS

One of the most common uses of Super ESPC has been to replace inefficient chillers. Of the
$230 million invested through Super ESPC by end of FY 2001, about $49 million, or 21% of the total,
was invested in chiller plant upgrades. Chiller replacements and upgrades were also common among the
energy conservation projects submitted for appropriations funding by the adjacent sites.

2.4.1 Chiller Samplesfor Appropriations-Funded Projects

We located seven detailed cost estimates for chiller replacement projects that were submitted for
appropriations funding between 1993 and 1996. As described above, we examined the estimates line by
linein order to (1) remove costs not associated with the chiller and its mechanical and electrical tie-ins
(e.g., air handler coil piping, steam piping, mechanical room ventilation, controls, etc.), (2) remove health,
safety, and security costs that are unlikely to be present at other federal sites and are not present in the
ESPC ECM samples, and (3) eliminate M& O contractor costs for construction and AE support and
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project management, which are real costs but are not in the ESPC ECM samples. Costs were then

adjusted to December 2001 dollars using the GDP-IPD. Table 2.3 presents the costs of the full scopes of
the original projects, and Table 2.4 presents the same projects with the scope and costs reduced to chiller
replacement only. The project scopes are summarized in Table 2.5.

Table 2.3. Itemized costs of (and amounts requested for) design completion and construction of

appropriations-funded projectsincluding chiller replacements (2001 dollars)

Project

Cost category 1 2 3 4 5 6 7 Total Fereent
of total
Engineering (Titlel, Il & ) 132,203 235644 56415 83205 235644 235644 235644 1214491 102
Field support 81,473 4,731 5,964 7,979 9,462 9462 22,710 141,782 12
Construction & AE support 31312 95275 0 2125 95275 95275 95275 433668 3.7
Project management 16190 45886 0 14880 45886 45886 45886 214611 18
Electrical 54,127 11,049 13603 81814 14852 2398 48017 248438 2.1
HVAC 233481 224376 204248 226430 415692 383526 2483446 4,181,198 352
Piping 154,755 104,982 0 142324 196753 196753 454566 1,250,134 105
Structural 33562 0 0 28278 0 0 0 61,840 05
Support 0 9,382 0 310950 9638 1184 29721 371525 31
Contractor directs & indirects 96,000 84,281 103098 248298 149,164 145315 662,057 1488223 125
Health and sefety 17,017 0 889 0 0 0 0 17,906 0.2
Subtotal 850219 816506 384307 1165415 1172366 1152680 4082322  9,623816 8L1
Additional overheads 133598 45561 37,448 48382 47,739 47,739 53834 414301 35
Total wio confingency 983817 862067 421,755 1213798 1200105 1200419 4136156 10,038117 846

Contingency 196,763 129224 84351 242760 244,021 192547 742440 1,832,106
Grand Total 1180581 991,201 506106 1456557 1464126 1392967 4878506 11,870,224 100.0

Table2.4. Itemized costs for design completion and construction of sample of appropriations-funded chiller

projects (2001 dollars), adjusted to reduce project scopeto chiller replacement

Project number

Cost category 1 2 3 4 5 6 7 Total
Engineering (Titlel, II, & I11) 51,256 173,865 56,131 50,400 185,472 183,343 179,701 880,168
Field support 31,566 3,491 5,934 4,833 7,448 7,362 17,137 77,771
Construction & AE support 0 0 0 0 0 0 0 0
Project management 0 0 0 0 0 0 0 0
Electrical 27,644 2,822 13,693 80,469 5,624 9,758 22,381 162,391
HVAC 96,145 201,641 200,322 204,591 386,899 364,431 2,022,323 3,476,353
Piping 43,244 9,809 110,768 19,601 19,636 78,386 281,443
Structural 17,362 26,490 43,852
Support 5,332 55,600 5,684 6,867 18,684 92,168
Contractor directs & indirects 36,383 62,185 72,956 150,401 117,405 113,063 502,727 1,055,120
Health and safety 0 0 0 0 0 0 0 0
Subtotal 303,601 459,144 349,035 683,553 728,133 704,460 2,841,338 6,069,265
Additional overheads 47,706 7,194 35,569 28,378 9,388 9,280 13,661 151,175
Total w/o contingency 351,307 466,338 384,605 711,931 737,521 713,741 2,854,999 6,220,440
Contingency 70,261 69,904 76,921 142,386 147,504 114,484 512,472 1,133,933
Grand Total 421,568 536,242 461,525 854,317 885,025 828,225 3,367,471 7,354,373
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Table 2.5. Summary descriptions of adjusted appropriations-funded
chiller projects (2001 dollars)

Project Nominal | ngalled cost Description
capacity
1 120 $421,568 1 air-cooled screw chiller
2 200 $536,242 1 water-cooled screw chiller
3 270 $461,525 1 air-cooled screw chiller
4 300 $854,317 1 air-cooled screw chiller
5 400 $885,025 2 200-ton water-cooled screw chillers
6 400 $828,225 1 100-ton, 1 300-ton, water-cooled screw chillers
7 4000 $3,367,471 4 1000-ton water-cooled centrifugal chillers
Total 5960 $7,354,373

2.4.2 Super ESPC Chiller Sample

We identified atotal of six ESPC projects in the Southeast region containing chiller replacement
ECMs. No detailed cost estimates were available, but based on the scopes of work, implementation prices
were adjusted to remove the cost of cooling towers and VFDs in four of the six projects. For ECMs that
included cooling tower replacement, we subtracted a figure of $486 per ton based on cooling tower
replacement costs seen in other ESPC projects in the region. For ECMs that included VFDs, we
subtracted $15,361 plus $528 per horsepower. This equation is based on the correlation of the cost of
VFD-only ECMsin eight ESPC projects in the Southeast region presented in Section 2.6 below. Finaly,
the implementation prices were multiplied by the ratio of the GDP-IPD for the particular site during the
month the ESPC was awarded to the GDP-IPD at the agency site with the appropriations-funded ECM
proj ects during December 2001. The adjusted costs for the six ECMss carried out with Super ESPC are
presented in Table 2.6.

Table2.6. Summary descriptionsof adjusted Super ESPC chiller projects (2001 dollars)

Proj ect Nominal  Implementation Project description
capacity price
1 180 $318,968 1 180-ton water-cooled chiller
2 225 $77,239 1 150-ton water-cooled, 1 75-ton air-cooled
3 500 $806,192 1 140-ton, 1 360-ton. water-cooled chillers
4 1125 $524,746 3 375-ton water-cooled chillers
5 1950 $1,443,885 2 1250-ton water-cooled centrifugal chillers
6 3000 $2,625,253 3 1000-ton water-cooled centrifugal chillers
Tota 6980 $5,796,283

2.4.3 Resultsof Chiller Cost Comparison

Figure 2.2 isaplot of the adjusted cost versus installed capacity for both the appropriations-funded
and the ESPC projects. We recognize severa limitations in the data. First, although the information
provided does distinguish between air-cooled and water-cooled chillers, the particular chiller design
(centrifugal, screw, reciprocating, etc.) was not available in all cases. Also, the data set of appropriations-
funded projects contains more air-cooled chillers (690 tons out of the total of 5,960, or about 12% of the
nominal capacity represented) than the set for Super ESPC projects, which contains only asingle air-
cooled chiller of 75 tons. Although we have removed the cost of cooling towers from al of the water-
cooled chiller projects, we do not expect the cost of air-cooled and water-cooled chillers to be exactly the
same for agiven size. Nevertheless, examination of public sources of construction cost data (R. S. Means,
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Figure2.2. Chiller ECMs: Design completion and construction costs in appropriations-funded pr oj ects,
and implementation pricein ESPC projects.

2001) shows that for sizes below 300 nominal tons, the costs of similarly sized air-cooled and water-
cooled chillers are comparable. Obvioudly, if sufficient data were available it would be better to perform
separate cost comparisons for each chiller type, as opposed to grouping them all together as we have done
here.

Another problem with the datais that the appropriations set contains six relatively small projects and
asingle large one. This means that any conclusions we draw about the relationship between cost and
capacity will be highly influenced by the single large project. Again, it would be preferable to have more
data. Nevertheless, although both data sets are sparse, Figure 2.2 suggests a linear relationship between
cost and capacity. This result seemsintuitively correct, and also agrees with the findings of McLain et a.
(1991), who noted a similar relationship.

2.4.4 Regression Analysisof Chiller Cost Results

Visual inspection of Figure 2.2 suggests that the cost of design completion and construction (not
including survey and study costs) of this sample of chiller replacements using appropriated funds may be
somewhat higher than the full implementation price (survey, study, design, construction, and
commissioning, plus mark-up) of similarly sized chiller replacements using Super ESPC. To test this
hypothesis we use a standard statistical test. First we combine the ESPC and appropriations-funded
project cost data and fit the combined datato asingle straight line (Modd 1) using ordinary |east-squares
regression. We then fit the data to two separate straight lines (Model 2), one for appropriations-funded
projects and one for ESPC projects. Analysis of the variance associated with each model allows usto
determine whether there is a statistically significant difference between the two models, or whether the
difference could be due strictly to the variability of the data.
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To carry out these calculations we use the R statistical software package (Venables and Ripley, 1999;
Venables and Smith, 2002). For the benefit of readers who are statistically inclined, we have included in
the tables below the standard parameters and results associated with the statistical analysis performed.
Other readers should not be concerned if some of thisinformation appears meaningless because the
conclusions of the analysis are also expressed in non-technical terms.

We begin by fitting all of the data (ESPC and appropriations-funded) to a single linear model of the
following form, using ordinary least squares.

cost = a + b x capacity . (2.1)

The results of the regression are presented in Table 2.7.

Table2.7. Regression resultsfor chiller cost data, without distinguishing
between ESPC and appropriations-funded projects

Par ameter Estimate  Standard error t value Pr(>[t])
a 296664.5 103521.4 2.866 0.0154
b 7335 67.1 10.931 3.02E-07

Residual standard error: 289300 on 11 degrees of freedom
Multiple R-squared: 0.9157, adjusted R-squared: 0.908
F-statistic: 119.5 on 1 and 11 DF, p-value: 3.016e-07

Next we fit amodel that distinguishes between the appropriations and ESPC data, namely an equation
of theform
cost = (a + b x capacity) + p x (A a+ Ab x capacity) , (2.2)

where p is adummy variable equal to 0 for ESPC projects and 1 for appropriations-funded projects. The
interpretation of Eq. (3.2) isthat for ESPC projects, the data are fit to cost = a + b x capacity , whereas
for appropriations-funded projects, the equation is

cost = (a + Aa) + (b + Ab) x capacity . (2.3)

The results of the regression, presented in Table 2.8, are inconclusive. The value of Aa isweakly
significant at the 95% confidence level, but the value of Abis not. This suggests that the costs associated
with appropriations-funded chiller projects may be higher than the costs of similar projects funded under
ESPC; however, there is no evidence to support a difference in the cost per ton of chiller capacity
between the two funding mechanisms. Table 2.9 presents the results of the analysis of variance between
Model 1 and Model 2. The analysis of variance tests the hypothesis that both Aa and Ab are equal to
zero—i.e., that there is no difference between the chiller prices for the ESPC and appropriations-funded
projects. The probability value of 0.0744 means there is a 7.44% probability that the differences between
the two data sets are due to random variation. The conclusion is that the data provide little reason to reject
the hypothesis that Aa and Ab are equal to zero. In other words, based on the avail able data, there appears
to be no statistically significant difference between the pricing of ESPC-funded chillers and the pricing of
chillers funded with appropriations.
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Table 2.8. Regression resultsfor chiller cost data, using a model that distinguishes
between ESPC and appropriations-funded projects

Parameter Estimate  Standard error t value Pr(>]t])
a 36920.34 148158.51 0.249 0.8088
b 798.68 95.63 8.352 1.57E-05
Aa 418953.29 182601.84 2.294 0.0474
Ab —67 118.19 -0.567 0.5847

Residual standard error: 239700 on 9 degrees of freedom
Multiple R-squared: 0.9527, adjusted R-squared: 0.9369
F-statistic: 60.39 on 3 and 9 DF, p-value: 2.768e-06

Table2.9. Analysisof variance for thetwo models of the chiller cost data. (Model 1
does not distinguish between ESPC and appropriations-funded projects;
Model 2 does distinguish)

Residual Residual

Degreesof Sum of

Model degreesof sum of freedom  squares F Pr(>F)
freedom sguares

1 11 9.21E+11

2 9 5.17E+11 2 4.04E+11 35151  0.07445

In Figure 2.3 we have included the (single) regression line that fits both data sets. Note that all but
one of the data points from the appropriations-funded projects falls above the line. Nevertheless, the
statistical analysis shows that this could arise from the variability of the data.
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Figure 2.3. Chiller ECMs: Design completion and construction costs in appropriations-funded pr oj ects,
and implementation pricein ESPC projects. Includesregression lines.
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2.4.5 Additional Chiller Cost Data—Appropriations Set 2

We obtained cost figures for an additional four appropriations-funded chiller replacement projects
implemented at the site between 1997 and 1999. Although funding for these chillers did not come from
the same agency-administered program as the other seven, they were installed using appropriated funds.
There are several limitations to this additional data. First, since we did not receive detailed cost estimates
for these projects, we cannot be certain that the projects involved chiller replacement only. We recognize
also that the costs may be contaminated by some of the health and safety costs and M& O contractor
management costs that we eliminated from the cost estimates of the other seven appropriations-funded
chiller projects. On the other hand, the reason no detailed cost estimates exist is that a more streamlined
design-build implementation approach was used for these chillers, and any advantages should appear as
lower costs. Despite all these differences, when adjusted for inflation to December 2001, costs for these
four appear comparable to the costs of the other chillers. Table 2.10 presents the costs and hominal
capacities of these projects, and in Figure 2.4 we include these projects (Iabeled “ Appropriations Set 2")
aong with the costs of the other appropriations-funded and Super ESPC chiller ECMs.

Table 2.10. Appropriations Set 2: Adjusted costsfor chiller replacement using a different
sour ce of appropriated funds (2001 dollars)

Project Nommal Installed cost Project description
capacity

1 300 $314,849 1 water-cooled centrifugal chiller

2 400 $685,142 1 water-cooled centrifuga chiller

3 1,000 $826,751 1 water-cooled centrifuga chiller

4 1,200 $919,937 1 water-cooled centrifugal chiller

Totd 2,900 $2,746,679
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Figure2.4. Chiller ECMs: Design completion and construction costsin appropriations-funded projects
including Appropriations Set 2, and implementation pricein ESPC pr ojects.
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We included these four in the set of appropriations-funded chillers and repeated the analysis to
determine whether there is any statistically significant difference between the appropriations and ESPC
data, assuming alinear cost moddl. The results are presented in Tables 2.11 through 2.13.

Table2.11. Regression resultsfor chiller cost data (including Appropriations Set 2),
without distinguishing between ESPC and appropriations-funded projects

Par ameter Estimate  Standard error t value Pr(>[t])
a 263997.71 84920.14 3.109 0.00719
b 732.78 60.38 12.136 3.70E-09

Residual standard error: 265700 on 15 degrees of freedom
Multiple R-squared: 0.9076, adjusted R-squared: 0.9014
F-statistic: 147.3 on 1 and 15 DF, p-value: 3.703e-09

Table2.12. Regression resultsfor chiller cost data (including Appropriations Set 2),
using a model that distinguishes between ESPC and appropriations-funded projects

Par ameter Estimate  Standard error t p-value
a 36920.34 155410.78 0.238 0.816
b 798.68 100.31 7.962 2.36E-06
Aa 313412.45 181596.11 1.726 0.108
Ab -71.39 122.93 -0.581 0.571

Residual standard error: 251400 on 13 degrees of freedom
Multiple R-squared: 0.9283, adjusted R-squared: 0.9117
F-statistic: 56.1 on 3 and 13 DF, p-value: 1.071e-07

Table 2.13. Analysisof variance between Model 1 (which does not distinguish between
ESPC and appropriations-funded chiller projects) and Model 2 (which does
distinguish between the two sets)

Residual Residual

Degreesof Sum of

Model degreesof sum of F Pr(>F)
freedom  squares freedom squares
1 15 1.06E+12
2 13 8.22E+11 2 2.37E+11 1.8784 0.192

Once again, the analysis of variance results show that there is a reasonable probability (0.192, or an
19.2% chance) that there is no difference between the two data sets. In other words, we conclude that the
data provide no evidence to reject the hypothesis that Aa and Ab are both equal to zero, and thereisno
statistically significant difference between the two data sets, given the linear cost model.

Figure 2.5 shows the 95% confidence interva for the cost difference of chiller projects
(appropriations-funded minus ESPC) as a function of installed capacity, given the available data and the
regression of Table 2.12. The mean difference is positive over the range of the data, which suggests that
appropriations-funded chiller projects may be dightly more expensive than projects funded with ESPC,
although the difference is not statistically significant. Due to the variance in the data and the small amount
of data available, the confidence interval is wide across the entire range of chiller capacities. Obvioudly,
more data would be required to draw any firm conclusions about differencesin costs.
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Figure 2.5. 95% confidenceintervalsfor differencein chiller costs (appropriations-funded minus ESPC-
funded) asa function of chiller capacity.

2.4.6 Summary of Conclusionson Chiller Prices

In summary, the available data provide no reason to believe that the cost for design completion and
construction of a chiller ECM using appropriated funds from the agency’ s energy management program is
higher than the all-in price (for survey, study, design, construction, and commissioning, plus mark-up) an
ESCO would charge to implement a similar chiller replacement using Super ESPC. This was confirmed
with two different data sets—one from atraditional appropriations-funded energy management program,
and another from a more streamlined design—build methodology also funded with appropriations.
Nevertheless, costs were available from only a small number of chiller projects, and more datawould be
required to draw any final conclusions about pricing differences.

2.5 COMPARISON OF LIGHTING UPGRADE COSTS

Lighting retrofits are another magjor category of ECM installed using Super ESPC. By the end of
2001, lighting projects represented about $52 million, or 21% of the $230 million invested in Super
ESPC. In this section we compare the costs of lighting ECMs implemented under Super ESPC and
through use of appropriated funds.

One problem when comparing different lighting projectsis selecting the variable to use for the
measure of project size. For chiller projects, nomina refrigeration capacity (tons) is the obvious choice,
but lighting projects could be compared in a number of ways. One possibility would be to compare
projects on the basis of the total building area affected, but this information was not readily available for
all projects. Projects could also be compared on the basis of total connected wattage reduction, but some
measures (occupancy sensors, for example) have significant installation costs but do not reduce fixture
wattage at al.

Traditional physical indicators of size were available for the other two ECMs (tons of capacity for
chillers, horsepower for VFDs). For lighting upgrades we chose to compare projects on the basis of
annual kWh savings, which are estimated for appropriations-funded projects and guaranteed for ESPC
projects. Although kWh savingsis not generally the same as a physical indicator of size, in the context of
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our study it is. Both samples of ECMs were dominated by T-12 to T-8 conversions, including new
fixtures, in federal office space keeping normal business hours. Since the pre-existing lighting equipment,
new lighting equipment, and operating hours were al similar in both samples; kWh savingsin this case
can be thought of as a proxy for a physical indicator of size that affects project cost.

Another concern with lighting projects is variability of scope. ECMs classified as “lighting upgrades”
cover anumber of different measures with widdly varying costs. All of the projects chosen for this
comparison involve comprehensive lighting upgrades including conversions to new T-8 fixtures, which
appeared to be the dominant cost item. Beyond that, however, the e ements of the projects vary.

Table 2.14 isalist of the measures most commonly encountered.

Table 2.14. Measures commonly included in
lighting upgrade projects

Conversion to T-8 fixtures and tubes
Installation of occupancy sensors
Installation of electronic ballasts

Fixture delamping

Installation of tandem wiring

Conversion to compact fluorescent lighting

We considered thisto be the list of allowable lighting measures for our comparison. For the
appropriations-funded projects, for which we had detailed cost estimates, if a project included an ECM
not on that list (for example, the use of photocellsto control outdoor lighting), we removed the
construction cost of that measure and reduced the kWh savings by the amount that corresponded to the
measure. For ESPC projects we did not have access to detailed cost estimates, so if an ECM included a
measure not in Table 2.14, we did not useit in our analysis. Altogether, we identified 20 ESPC lighting
projects and 10 appropriations-funded lighting projects that included T-8 conversions and at |east one
other measure from the list of Table 2.14. Neither of the samples—ESPC or appropriations-funded—have
completely identical scopes, however, and we recognize that this variability reduces the accuracy of our
comparison.

25.1 Lighting ECM Samplefor Appropriations-Funded Projects

Of the lighting projects submitted by the site to the agency’ s appropriations-funded energy
conservation program, we selected ten, each of which isfocused on one specific building. Although
multiple buildings tended to be included in asingle funding request, detailed cost estimates were prepared
for each building, presumably to provide flexibility in selecting an optimal mix of buildings given the
funding available.

Aswith the chiller projects, we examined the unit-cost-level estimates for each of the ten projectsin
order to remove (1) costs not associated with the lighting retrofit, (2) health, safety, and security costs that
are unlikely to be present at other federal sites or in the ESPC ECM samples, and (3) M& O contractor
costs for construction and AE support and project management, which are real costs but are not in the
ESPC ECM samples.

In order to make the appropriations-funded projects comparable to the ESPC projects, we also deleted
the cost of lighting measures not included in Table 2.14 from the unit cost estimates of the appropriations-
funded projects. These items were identified in the cost estimates as switches, handle-locks, timers,
photocells, and contactors. Because we are using annual kWh savings as the basis for comparison, where
one of these measures was deleted from a cost estimate, we also deleted the kWh savings associated with
the measure from the project’ s total savings estimate. We were able to do this because the feasibility
studies contained savings estimates for each individual measure.
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The original cost estimates (escalated to December 2001 dollars) for the ten projects are summarized
in Table 2.15, and Table 2.16 presents a summary of the adjusted estimates. Finally, the adjusted costs
and annual kWh savings are presented in Table 2.17.

Table 2.15. Itemized costs of (and amountsrequested for) completion of appropriations-funded
lighting upgrade projects (2001 dollar s)

Project
Cost categor
egery 1 2 3 4 5 6 7 8 9 10  Tota ereent
of total
Engineering (Titlel,
I, & I) 11,481 12,332 9,712 45902 45902 45,902 45902 992 2,639 16,897 237,661 10.2
Field support 1,330 1,520 1,235 16,589 16,589 16,589 16,589 0 0 0 70,438 3.0
Construction & AE
support 6,168 6,664 5,252 28,582 28582 28,582 28,582 76 151 1,217 133,857 5.7
Project management 4540 4,895 3,839 20,613 20,613 20,613 20,613 314 829 6,301 103,172 4.4
Electrical 66,978 74,120 57,129 44,503 41,001 18,249 15,776 4,823 14,038 95,531 432,147 185
Support 0 0 0 0 0 0 0 0 0 0 0 00
Contractor directs &
indirects 38,082 47,662 40,113 87,759 87,759 87,759 87,759 3,085 8,981 40,335 529,292 22.6
Health and safety 2,707 2,966 2,321 24,024 24,024 24,024 24,024 0 0 17,818 121,906 52
Subtotal 131,286 150,158 119,600 267,971 264,469 241,717 239,245 9,290 26,637 178,099 1,628,473
Overhead 10,443 11,283 8,897 71,014 70,757 69,078 68,8906 524 1,503 10,972 323,367 13.8
Total w/o
contingency 141,729 161,442 128,497 338,985 335,226 310,796 308,141 9,814 28,140 189,071 1,951,840
Contingency 28,346 32,288 25,699 67,797 67,045 62,159 61,628 1,914 5,487 36,869 389,233 16.6
Grand Total 170,075 193,730 154,196 406,782 402,271 372,955 369,769 11,728 33,628 225,940 2,341,073 100.0
Table 2.16. Itemized costs of (and amountsrequested for) completion of appropriations-
funded lighting upgrades, adjusted to reduce project scopeto only ECMslisted
in Table 2.14 (2001 dollar s)
Cost category 1 2 3 4 5 6 7 8 9 10 Total
Engineering (Titlel, 10,006 10,775 8,486 12,575 7,797 4,790 2,705 902 658 3,337 62,031
I, & 111)
Field support 1,159 1,328 1,079 4545 2818 1,731 978 0 0 0 13,636
Construction & AE 0 0 0 0 0 0 0 0 0 0 0
support
Project management 0 0 0 0 0 0 0 0 0 0 0
Electrica 58,371 64,757 49,919 44,503 27,591 16,952 9,573 4,383 3,500 18,868 298,417
Support 0 0 0 0 0 0 0 0 0 0 0
Contractor directs& 28,751 37,192 30,542 21,825 13531 8,313 4,695 2,013 1,617 7,967 156,446
indirects
Health and safety 1,180 1,295 1,014 4,056 2,515 1,545 872 0 0 982 13,459
Subtotal 99,466 115,346 91,041 87,504 54,251 33,332 18,822 7,298 5,775 31,154 543,989
Overhead 7912 8,667 6,772 14,516 9,001 5529 3,122 412 326 2,590 58,847
Tota w/o 107,378 124,014 97,813 102,020 63,251 38,861 21,945 7,710 6,101 33,744 602,837
contingency
Contingency 21,476 24,803 19,563 20,404 12,650 7,772 4,389 1503 1,190 6,580120,330
Grand Total 128,854 148,817 117,375 122,424 75,901 46,633 26,334 9,213 7,291 40,324 723,166
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Table2.17. Summary description of adjusted appropriations-funded
lighting upgrades (2001 dollars)

Project A””“"?" kWh Cost Project scope
savings
1 438,746 $128,854 T-8 conversion, occupancy sensors
2 348,476 $148,817 T-8 conversion, occupancy sensors
3 299,531 $117,375 T-8 conversion, occupancy sensors
4 313,434 $122,424 T-8 conversion, occupancy sensors
5 145,350 $75,901 T-8 conversion, occupancy sensors
6 118,944 $46,633 T-8 conversion, occupancy sensors, CFLs
7 28,622 $26,334 T-8 conversion, occupancy sensors, CFLs
8 29,976 $9,213 T-8 conversion, occupancy Sensors
9 20,717 $7,291 T-8 conversion, occupancy sensors
10 58,282 $40,324 T-8 conversion, occupancy sensors
Total 1,802,078 $723,166

2.5.2 Lighting ECM Samplefor Super ESPC Projects

By the end of FY 2001, Super ESPC projectsin the Southeast region included 27 separate lighting
upgrade ECMs. Seven of these included measures not on the list of Table 2.14. Since detailed cost
estimates were not available for these projects, we were unable to remove these extra measures from the
cost. We therefore diminated the entire ECM from the comparison. For the remaining 20 ECMs, the only
adjustment we made was to escal ate the costs to December 2001. No city escalation was necessary in this
case since al projects were carried out in the Southeast region.

Table 2.18 presents the annual kWh savings estimates and the implementation prices for the 20
lighting upgrade ECMs. The scope was essentially the same for all 20 projects and included the measures
listed in Table 2.14: upgrade to T-8s, electronic ballasts, delamping, tandem wiring, and CFLs.

2.5.3 Resultsof Lighting ECM Cost Comparison

Figure 2.6 plots cost versus kWh savings for the 20 ESPC projects and the 10 appropriations-funded
proj ects outlined above. We note several things about this figure. First, both data sets show a definite
relationship between cost and annual kWh savings: As one would expect, projects that achieve higher
savings cost more to implement. Note, however, that the variance of cost with savings (i.e., the “ scatter”
of the data) seemsto increase with increasing electrical savings. This fact, coupled with the wide rangein
kWh savings (from approximately 20,000 to 3.5 million), suggests that the costs may be better modeled
by alog-og relationship. Figure 2.7 isa plot of the data of Figure 2.6 on alog-og scale. In thisform, the
linear relationship is much more evident than in Figure 2.6, and the variance of the data appears constant
over the range of kWh savings.

A log-og model assumes arelationship of the form: In(cost) = a+ bxIn(kWh), or cost = ax(kWh)®.
Here the parameter a has the units of dollars per kWh saved. If the cost per kWh saved isfairly constant
over the range of kWh savings, we would expect the parameter b to be fairly closeto 1.

2.5.4 Regression Analysisof Lighting ECM Results

Aswith the chiller data, we used ordinary least squares regression and analysis of variance to
determine whether there is any statistically significant difference between the costs in the appropriations
and ESPC sets. In this case we begin by combining the two data sets and fitting the data to an equation of
the form In(cost) = a + b x In(kWh), using ordinary least squares. The resullts, presented in Table 2.19,
confirm the initial impression that the costs of these ECMs are highly correlated with annual eectricity
savings. Next we fit the datato a model that distinguishes between the two data sets. For the ESPC ECMs

22



Table 2.18. Summary description of Super ESPC lighting upgrades (2001 dollar s)
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Figure2.6. Lighting ECMs: Design completion and construction costsin appropriations-funded
projects, and implementation pricein ESPC projects.
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Table 2.19. Regression output when ESPC and appropriations cost
data for lighting ECM s are combined

Parameter Estimate Standard error  tvalue Pr(>]t])
a -0.22157 0.44914 —0.493 0.626
b 0.9518 0.03659 26.012 <2e-16

Residual standard error: 0.2986 on 28 degrees of freedom
Multiple R-squared: 0.9603, adjusted R-squared: 0.9588
F-statistic: 676.6 on 1 and 28 DF, p-value: <2.2e-16

we use In(cost) = a + b x In(kWh), and for the appropriations-funded projects we use 1n(cost) = (a + Aa)
+ (b + Ab) x In(kWh).

The results of this regression are presented in Table 2.20. The positive value for Aa suggests that the
cost per kwWh of savings may be higher in appropriations-funded lighting projects than in ESPC-funded
projects. On the other hand, the negative value for Ab suggests that costs per kWh savings may not rise as
rapidly with kWh savings in appropriations-funded projects. Nevertheless, the probabilities associated
with these parameters indicate that there is a high probability that the non-zero values obtained are due to
chance. The analysis of variance between the two models, presented in Table 2.21, confirmsthis. The
value of 0.7226 for Pr(>F) meansthere is a 72.3% probability that the difference between the two data
setsis due to random variation. In other words, thereis no statistically significant difference between the
two sets.

Table 2.20. Regression output for a model that distinguishes between
ESPC and appropriations cost data for lighting ECMs

Parameter Estimate Standarderror  tvalue Pr(>[t])
a —0.27765 0.5468 -0.508 0.616

b 0.95792 0.0435 22.022 <2e-16

Aa 0.64096 1.16176 0.552 0.586

Ab -0.06 0.09809 -0.612 0.546

Residual standard error: 0.3061 on 26 degrees of freedom
Multiple R-squared: 0.9612, adjusted R-squared: 0.9568
F-statistic: 214.9 on 3 and 26 DF, p-value: < 2.2e-16

Table2.21. Analysisof variance between M odel 1, which does not distinguish
between ESPC and appropriations, and Model 2, which does distinguish

Residual Residual Degressof  Sum of

M odel degrees of sum of freedom squares F Pr(>F)
freedom squares
1 28 249733

2 26 2.43571 2 0.06163 0.3289 0.7226

Figure 2.8 presents the 95% confidence interval for the ratio of the cost of appropriations-funded
lighting projects to the cost of ESPC-funded lighting projects for the regression equation of Table 2.20.
Aswith the chiller data, the confidence intervals are very wide, due both to the variance of the dataand to
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the small amount of data available. Appropriations-funded lighting projects seem to have a higher price
than ESPC projects for annual savings under 60,000 kWh, while the opposite appears true for projects
with savings over 60,000 kWh. Nevertheless, neither differenceis statistically significant. Again, it seems
that additional data would be required to draw any firm conclusions.

2.5.5 Summary of Conclusionson Lighting ECM Prices

In summary, we compiled two sets of cost data for lighting ECMs:. one from arelatively small sample
of appropriations-funded projects from two adjacent agency sites, and another from Super ESPC projects.
The costs in the appropriations case represents the cost to complete design (from 30% to 100%), develop
a bid-to-spec package and send it out for bids, evaluate bids, award a construction contract to the lowest
bidder, and pay the contractor to implement the lighting project. In the ESPC case, the cost isthe dl-in
implementation price (for survey, study, design, construction, and commissioning, plus mark-up). The
data suggested alinear relationship between the natural logarithm of cost and the natural logarithm of the
estimated annual electrical savings in kwWh. We found no statistically significant difference between the
cost of lighting ECMs implemented with ESPC and our sample of those carried out with appropriated
funds. Nevertheless, the 95% confidence region for the difference between appropriations-funded and
ESPC-funded projectsis very wide, suggesting that additional data would be required to draw any firm
conclusions about differencesin pricing.

2.6 COMPARISON OF VARIABLE-FREQUENCY-DRIVE COSTS

Thefinal conservation measure we examined was the installation of VFDs, aso called variable-speed
drives), which reduce energy use in HVAC systems by alowing fans and pumps to be operated at reduced
speeds during part-load conditions. VFD ingtallation has been another popular ECM under Super ESPC,
responsible for about $11.6 million of the $230 million invested by the end of FY 2001.
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Aswith the other ECMs, we obtained data on the implementation price of VFDs in Super ESPC
projects from a database of Super ESPC projects. For appropriations-funded projects, we examined
feasibility studies and unit-cost-level estimates for VFD projects submitted by a site as part of the request
for design completion and construction funding from the agency’ s appropriations-funded energy
management (EM) program. We then compared the design completion and construction costs of
appropriations-funded VFD ECMsto the implementation prices of VFDsin Super ESPC.

2.6.1 VFD ECM Samplefor Appropriations-Funded Projects

VFDs are most often included as a component of larger energy conservation projects. Thiswasthe
case with the projects proposed to the agency by the federal site whose records we examined. Fortunately
the feasibility studies and unit-level cost estimates included in the funding requests contained sufficient
detail to allow usto remove the cost of items not associated with the installation of VFDs. Construction
costs remaining in the estimate include the VFD itself, electrical connectionsto the VFD, overload
protection, controllers, software, and general electrical work.

Aswith the chiller replacement and lighting upgrade projects, we examined the unit-cost-level
estimates for each of the VFD projectsin order to remove (1) costs not associated with the VFD retrofit,
(2) hedlth, safety, and security costs that are unlikely to be present at other federal sites or in the ESPC
ECM samples, and (3) M& O contractor costs for construction and AE support and project management,
which are rea costs, but are not in the ESPC ECM samples.

Altogether, we located cost estimates for five appropriations-funded projects involving installation of
VFDs. The unadjusted costs for these projects (escal ated to 2001 dollars) are presented in Table 2.22. The
adjusted costs are presented in Table 2.23. Table 2.24 shows the cost of each project, the total horsepower
of the electric motors controlled by the VFDs, and the reduced scope of each project.

Note that in the cost breakdowns in Tables 2.23 and 2.24, the line item for overheads is zero for each
project. For some reason, in this set of projects overheads were incorporated into each subcategory, rather
than as a separate line item.

Table 2.22. Itemized costs of (and amountsrequested for) completion of appropriations-funded
VFD projects (2001 dollars)

Project
Cost category 1 2 3 4 5 Total ~ Fereent
of total
Engineering (Titlel, I1, & 1) 46,698 39,510 39,795 51,078 93,006 270,087 16.9
Field support 16,082 13,283 1,310 1,310 35,553 67,539 4.2
Construction & AE support 25,144 0 0 0 42,975 68,119 43
Project management 13,277 13,277 21,575 24,014 25,016 97,158 6.1
Electrica 21,978 7,617 11,083 8,636 29,649 78,963 5.0
HVAC 40,380 12,676 37,196 29,939 95,159 215,350 135
Support 14,458 10,203 4,455 7,955 29,089 66,160 4.1
Contractor directs & indirects 40,973 29,379 0 10,955 129,135 210,442
Health and safety 38,432 31,240 26,287 36,817 68,579 201,355 12.6
Subtotal 15,419 11,565 0 3,602 23,563 54,149
Overhead 0 0 0 0 0 0 0.0
Total w/o contingency 272,842 168,748 141,701 174,307 571,724 1,329,322 83
Contingency 0 0 0 0 0 0
Grand Total 272,842 168,748 141,701 174,307 571,724 1,329,322 100
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Table 2.23. Itemized costs of (and amountsrequested for) completion of appropriations-funded VFD
projects, adjusted to reduce project scopeto VFDs and associated equipment only (2001 dollars)

Project number

Cost category

1 2 3 4 5 Total
Engineering (Titlel, I, & 1) 19,223 9,071 23,462 23,207 29,331 104,294
Field support 512 571 772 595 1,055 3,505
Construction & AE support 0 0 0 0 0 0
Project management 0 0 0 0 0 0
Electrical 16,882 5,687 2,080 1,719 21,529 47,896
HVAC 35,313 7,252 27,510 21,296 63,230 154,602
Support 2,114 2,458 1,499 3,103 4,499 13,673
Contractor directs & indirects 24,252 12,618 15,498 19,790 39,775 111,932
Health and safety 0 0 0 0 0 0
Subtotal 98,296 37,657 70,821 69,710 159,418 435,902
Overhead 0 0 0 0 0 0
Total w/o contingency 98,296 37,657 70,821 69,710 159,418 435,902
Contingency 19,659 7,531 14,164 13,942 31,884 87,180
Grand Total 117,955 45,188 84,985 83,653 191,301 523,083

Table 2.24. Summary descriptions of adjusted
appropriations-funded VFD ECMs

Project Cost h Motor Scope
or sepower

1 $117,955 98 3VFDs (60, 7.5, & 30 hp)

2 $ 45,188 20 120-hp VFD

3 $ 84,985 75 175-hp VFD

4 $ 83,653 50 150-hp VFD

5 $191,301 245 3 VFDs (125-, 100-, and 20-hp)

Tota $523,082 488

2.6.2 VFD ECM Samplefor Super ESPC Projects

For VFDs implemented under Super ESPC, we located eight ECMs in the Southeast region. The only
adjustment made to the implementation price of these ECMs was to escalate them to 2001 dollars.
Table 2.25 presents the adjusted implementation prices and total affected motor horsepower for the eight
Super ESPC ECMs.

2.6.3 Resultsof VFD ECM Cost Comparison

Figure 2.9 isaplot of the data of Tables 2.24 and 2.25. We observe that there is more variability in
this data than in the cost data from the other two ECMs. While the cost of the VFD projects does appear
to increase with increasing horsepower, other causes of variation besides horsepower also have an
important impact on the cost of VFD installations.
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Table 2.25. Summary descriptions of adjusted Super ESPC
VFD ECM s (2001 dollars)

Project Cost h M otor Scope
or sepower
1 $ 280,924 300 20 VFDs of various sizes
2 $ 322,708 495 12 VFDs of various sizes
3 $ 273,381 540 7 VFDs of various sizes
4 $ 53,652 100 2VFDs
5 $ 91,247 205 2VFDs
6 $ 247,792 360 3VFDs
7 $ 95,846 300 2VFDs
8 $ 261,561 550 10 VFDs of various sizes

Total  $1,627,111 2850

$350
QO ESPC ¢
» $300
kS A Appropriations o °
S o
3 $250 - ®
o
o
[qV}
@ $200 - A
[
@
3
3 $150 -
£
\17: A
o $100 o
o A A 0o
3
W $50 | A g
$O T T T T T
0 100 200 300 400 500 600
Horsepower

Figure2.9. Variable-frequency-drive ECMs: Design completion and construction costsin
appropriations-funded projects, and implementation pricein ESPC projects.

2.6.4 Regression Analysisof VFD ECM Results

In what follows, we make the assumption that the cost of VFD ECMsis alinear function of
horsepower, and use the same techniques to assess whether there is a statistically significant difference
between the cost to complete VFD installations using appropriated funds and the cost to implement them
using Super ESPC. We recognize that the data provides only weak support for the linear model, but in the
absence of additional information thisis the best that can be done.
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As before, we combined the two data sets and fit the combined data to a model of the form,
cost = a + b x horsepower. The results of the regression are presented in Table 2.26. Note that the
adjusted R-sguared value—a measure of how well the variation in the datais explained by the regression
equation—is only 0.7372, compared to the values of 0.8 and 0.9 we have seen for the other ECMs.

Table 2.26. Regression of VFD cost data, fitting costs of ESPC and
appropriations-funded projectsto a singlelinear equation

Parameter Estimate Standard error tvalue Pr(>[t])
a 46551.59 24664.19 1.887 0.085756
b 462.93 78.64 5.887 0.000105

Residual standard error: 51080 on 11 degrees of freedom
Multiple R-squared: 0.7591, adjusted R-squared: 0.7372
F-statistic: 34.65 on 1 and 11 DF, p-value: 0.0001051

We performed a second regression, fitting the ESPC data to an equation of the form,
cost = a + b x horsepower, and the appropriations data to an equation of the form, cost = (a + Aa) + (b +
Ab) x horsepower. The results of this regression are presented in Table 2.27. Both Aa and Ab are positive,
indicating that the cost of appropriations-funded projectsis higher than the cost of ESPC projects, but
neither parameter is statistically significant.

Table 2.27. Regression of VFD cost data, fitting ESPC and
appropriations-funded projectsto separate linear equations

Par ameter Estimate Standarderror tvalue Pr(>[t))
a 15361.07 48208.91 0.319 0.75727

b 527.8 124.44 4.242 0.00217

Aa 29113.01 61584.02 0.473 0.64766

Ab 89.05 330.98 0.269 0.79396

Residual standard error: 53590 on 9 degrees of freedom
Multiple R-squared: 0.7831, adjusted R-squared: 0.7108
F-statistic: 10.83 on 3 and 9 DF, p-value: 0.002419

Finaly, we performed an analysis of the variance between the two models. The results, presented in
Table 2.28, indicate that there is no statistically significant difference between the two data sets.

Table 2.28. Analysisof variance between M odel 1, which does not distinguish between
ESPC and appropriations, and Model 2, which does distinguish between the two

Residual Residual Degressof  Sum of

Modd  degreesof  sum of F Pr(>F)
freedom  squares freedom  sguares
1 11 2.87E+10
2 9 2.58E+10 2 2.86E+09  0.4983 0.6234

Figure 2.10 shows the 95% confidence region for the difference between the means of the cost of
appropriations-funded VFD projects and the cost of ESPC-funded VFD projects. As with the other
ECMSs, the confidence region is wide due to the variance of the data and the small quantity of data
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Figure2.10. 95% confidenceintervalsfor differencein cost of VFD projects (appropriations-funded
minus ESPC-funded) as a function of motor hor sepower.

available. Thereisweak evidence that appropriations-funded projects are more costly than ESPC-funded
projects, but the differenceis not statistically significant. Once again, any firm conclusions about pricing
differences would require additional data.

2.7 SUMMARY AND DISCUSSION OF RESULTS

2.7.1 Summary

In this section, we analyzed the costs of three different ECMs: chiller replacements, lighting
upgrades, and installation of VFDs. Altogether, these three ECMs have been responsible for
$112.6 million, or about 50% of the $230 million in Super ESPC investments by the end of FY 2001.
These ECMs were also common in the appropriations-funded projects at the two adjacent agency sites
whose records we examined.

For appropriations-funded ECMs, we examined the detailed feasibility study reports and unit-level
design completion and construction cost estimates and adjusted costs so each ECM included in the sample
would have atechnical scope and cost as consistent as possible with the isolated ECM. For Super ESPC
ECMswe examined the final proposals and financial schedules and again were able to adjust
implementation prices so each ECM included in the sample would have atechnical scope and price as
consistent as possible with the isolated ECM. The resulting appropriations-funded and ESPC ECM
samples were then sufficiently homogeneous and consistent with the technical scope of the isolated ECMs
to be comparable to each other.

Then for each ECM, we plotted the appropriations-funded design completion and construction cost
and the Super ESPC implementation price versus a measure of the ECM project size, and used classical
statistical tests to determine whether any statistically significant difference exists between these two sets
of costs.
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In the case of chillers, we found a reasonable probability that the appropriations-funded design
completion and construction cost no different from the implementation price of similarly sized chillers
installed under Super ESPC. This result held both for projects from atraditional two-step appropriations-
funded EM program, and for projects funded with a more streamlined appropriations process.

Using the same methodology for lighting projects and for the installation of VFDs, we found no
statistically significant difference between the appropriations-funded design completion and construction
cost and the implementation price of Super ESPC ECMs of similar size.

2.7.2 Implications of ECM Pricing Analysis Resultsfor Life-Cycle Cost Comparison

In projects funded with appropriations, contracting officers require independent government cost
estimates to ensure that the prices contractors propose for labor and materials are in accordance with the
cost of similar projects. A similar determination is made in ESPC projects where the contracting officer
determines whether the pricing proposal is fair and reasonable. Because contracting officers are likely to
draw on the same body of expertise and experience to assess cost proposals regardless of the funding
source, we would not expect to see large differences in the pricing of ECMs installed with appropriations,
compared to the pricing of ECMs installed under ESPC. Both funding mechanisms entail similar
activities and expenses (though with different patterns of execution) and should cost approximately the
same for similarly sized projects. The data we analyzed support this. We believe it is reasonable to
assume that for ECMs in general, the appropriations-funded design completion and construction cost and
the implementation price of Super ESPCs are more or less equal for similarly sized ECMs having the
same technical scope. Therefore, in the life-cycle cost analysis presented in Chapters 3 and 4, we assume
that the implementation price in Super ESPC eguals the design completion and construction cost for the
appropriations-funded project.

The significance of thisisthat in appropriations-funded projects, survey and study costsarein
addition to design completion and construction costs, as opposed to being included in the al-in
implementation price, as in Super ESPCs. In ESPC the implementation price includes all direct project
implementation expenses (surveys, feasibility studies, design, construction, commissioning) plus mark-up
to recover indirect costs (ESCO overheads, sales effort, surveys and studies for projects never awarded,
etc.) and profit. In appropriations-funded projects the design completion and construction cost includes all
direct project implementation expenses after the survey and feasibility study phase—the remaining direct
implementation expenses (design from 30% completion to final, development of a bid-to-spec package,
bid evaluation and general contractor selection, construction, commissioning) plus mark-up to recover
indirect costs (general contractor overheads, sales effort, etc.) and profit.

Furthermore, the Super ESPC implementation price also includes, in addition to the direct survey and
study costs, the project’ s proportional share (viathe mark-up) of the ESCO’ s costs for surveys and studies
on other projects, which the ESCO tried to develop but never proceeded to award. In appropriations-
funded projects both the direct survey and study costs and the project’ s proportional share of the site's
survey and study costs that never resulted in funded projects are extra costs in addition to the design
completion and construction costs.

In our life-cycle cost analysis we express the total (direct and indirect) survey and study costs as a
percentage of the design completion and construction cost. However, since the average percentage of
design completion and construction costs that comprise the survey and study costs can vary widely from
site-to-site and agency-to-agency (as can total process time), we allow agencies to estimate their own
values for these key parameters by expressing our resultsin the form of LCC comparison tables.

2.7.3 Comparison of Site Project Management and Construction Oversight Costs

At the beginning of this chapter it was explained that the site's project management and construction
oversight costs were deducted from the Step 2 appropriations funding received for project
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implementation. Although these activities are required in both ESPC projects and appropriations-funded
projects, their cost is not included in the average Super ESPC implementation price, which is our basis for
comparison. Therefore, to conserve the validity of the comparison, these costs were deducted from the
appropriations cases.

An assumption of our life-cycle cost analysisin Chapter 3 isthat the site' s project management and
construction oversight costs can be left out of both the ESPC and appropriations-funded cases because
they are the same either way. We support this assumption as follows. After adjustments for the pricing
parity analysis described above, the original cost for the appropriations-funded ECMs was reduced from
over $19 million to about $13 million for 11 chiller replacement ECMs, 10 lighting upgrade ECMs, and
5VFD ECMs at the two adjacent agency sites. Costs deducted for the sit€’ s project management and
construction oversight were 9.4% of the $13 million. Based on this average, if a site using appropriations
in this agency is going to have $3,263,000 available to fund design completion and construction of the
typical energy conservation project, its Step 2 funding request will have to include an additional 9.4%, or
$306,722, for atotal of $3,569,722, to aso have sufficient resources for the site’ s project management
and construction oversight. This $306,722 appears to be ample resource to perform the analogous duties
for an ESPC project with an implementation price of $3,263,000.

Tables 2.29 and 2.30 present detailed task listings and prices for project management and
construction oversight for implementing the typical $3,263,000 project using ESPC and appropriations,
respectively. The prices are based on an FY 2001 M& O contractor al-in labor rate of $115 per hour,

Table 2.29. Experience-based estimate of the all-agency average of project management and
construction oversight costsfor the typical ESPC project

Labor Cost
Task Hour®  (9)
Phase 1: Project Planning
1.1 Compile basic data on buildings; verify that a delivery order (DO) is feasible 8 920
1.2 Obtain decision makers’ support for pursuing a DO project 24 2,760
1.3 Assemble acquisition team, build consensus in support of project, and develop 12 1,380
the initial plan, objectives, and general scope for the DO project
1.4 Educate acquisition team about Super ESPC (DO Guidelines, Workshop, etc.) 48 5,520
1.5 “Select” an ESCO partner based on informal communications 30 3,450
Phase 2: Initial Project Development
2.1 Kickoff meeting—roles, possible scope, schedule expectations 15 1,725
2.2 Items researched, compiled, calculated, and/or provided to ESCO at or following
the kickoff meeting:
a. Original as-built mechanical, electrical, and architectural drawings for the 2 230
project buildings
b. As-built drawings for any renovations of the project buildings 0 0
c. Site electrical, coal, natural gas, etc., energy rates to use for the project 2 230
d. Historical energy consumption (and demand if relevant) by fuel type for the 8 920
project buildings if possible, otherwise for the site
e. Existing energy audits 1 115
f. Existing inventories of energy consuming equipment 2 230
g. Existing studies and/or designs of potential ECMs for the project buildings 2 230
h. Existing equipment operating log data for the project buildings 4 460
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Table 2.29 (continued)

Task

2.3

2.4
2.5
2.6
2.7

2.8

3.1

3.2
3.3
3.4
3.5
3.6
3.7
3.8

3.9
3.10
3.11
3.12
3.13

41
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

Labor
Hoursa
i. Existing site recorded weather data, if any 0.5
j- Existing metered data of any sort that may be useful 4
k. Electronic copies of the site’s Master Construction Technical Specifications in 2
CSI format (Divisions 2—18)
I.  Hardcopies of figures, attachments, etc., from the site’s Master Construction 2
Technical Specifications that are not available electronically
m. Copy of site’s construction labor agreement, if any 0
Escort for ESCO preliminary survey of project buildings used as basis for Initial 2
Proposal
Review and comment on Initial Proposal 40
Discuss w/ ESCO & agree on required Initial Proposal changes 2
Review updated Initial Proposal, clear the go/no-go decision 8
Prepare and issue DO RFP and develop the site's ESPC Master Construction 40
Technical Specifications (Division 1) for attachment. (Note: Follow-on DO RFPs
require 85—-90% less time because the first DO RFP will be available as a model.
However, other support activities are still generally required.)
Issue Notice of Intent to Award Letter 1
Phase 3: Negotiate and Award Final Delivery Order
Escort for ESCO detailed energy survey (DES) of project buildings used as basis 2
for Revised Proposal
Review and comment on first post-DES Revised Proposal 40
Discuss w/ ESCO & agree on required Revised Proposal changes 4
Prepare Congressional Notification and work it through approval chain 0
Review and comment on second post-DES Revised Proposal 16
Compile, forward to ESCO current service contract and Davis—Bacon wage rates 0
Prepare and submit Davis—Bacon paperwork 4
Price evaluation of ESCO's Final Proposal based on review of detailed "open- 40
book" backup information (some contract officers [CO's] may require preparation
of an independent government estimate)
Provide tech support to final price and other negotiations by CO 8
Revise DO RFP to incorporate negotiations 4
Verify that all agreements are incorporated into the ESCO's Final Proposal 2
Prepare Delivery Order Selection Document 1
Prepare Delivery Order award documentation 4
Phase 4: Implementing the Delivery Order
Form site construction phase team, identify rates & overheads 8
Prepare and submit NEPA paperwork 24
Pre-design meeting/telecon 16
Prepare construction oversight plan & budget, secure resources 8
Review and comment on ESCO's first Installation Plan 80
Advance pre-construction meeting with ESCO and sub-tier subcontractors 0
Escort sub-tier subcontractors on site familiarization walkthrough; debriefing 0
Send lockout/tagout forms to ESCO 1
Review and approve ESCO's final installation plan and other various plans 120

(depends on agency site requirements as per DO RFP; examples include ESCO
& subcontractors' safety and health program, activity hazard analysis, lift plans,
spill contingency plan, environmental protection plan, etc.)

Cost
(%)
58
460
230

230

230

4,600
230
920

4,600

115

230

4,600
460

1,840

460
4,600

920
460
230
115
460

920
2,760
1,840

920
9,200

0

0

115
13,800
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Table 2.29 (continued)

Task Labor Cost
Hoursa ($)

4.10 Miscellaneous: Badge/pass, coordination, documentation, reporting, issue 80 9,200
resolution, admin, management

4.11 Pre-construction meeting 0 0

4.12 Construction kickoff meeting 28 3,220

4.13 Coordinate site-specific training for subcontractors 4 460

4.14 Attend/conduct/document biweekly progress/coordination meetings (6 person- 114 13,110
hr/mtg, assume 26 mtgs over a 52-week construction period—varies by project)

4.15 Review outage requests & coordinate w/Facility Manager (1 hr/week) 38 4,370

4.16 Review construction work permit requests and coordinate (1 hr/week) 38 4,370

4.17 Provide electrical support for final tie-ins (1 hr/week)—engineer 20 2,300
Provide electrical support for final tie-ins—tech or craft 60 3,000

4.18 Health Physics (name depends on site—Health & Safety, Hazardous Materials, 0 0
etc.) inspectors to monitor and survey components being removed prior to
transport to waste facility (8 hr/week)

4.19 Safety personnel support/inspections (2 hr/week) 76 8,740

4.20 Inspect construction, review and approve routine construction documents and 228 26,220
any other construction engineer work (6 hr/week)

4.21 Review, approve, and accept as-built drawings and other post-construction 24 2,760
submittals and services (depends on requirements per DO RFP; e.g., operating
manuals, preventive maintenance plans, and training of site staff)

4.22 Review and approve ESCO's acceptance report and prepare acceptance letter 8 920
Summary: Labor Hours and Cost Hours Cost ($)
Total project manager or engineer labor hours ($115 per hour) and cost 1299.5 149,443
Total technical or craft labor hours ($50 per hour) and cost 60 3,000
Total site labor cost 152,443

aAll labor hours are for project managers or engineers except for 60 technical or craft personnel hours for task 4.17.

Table 2.30. Agency site's project management and construction oversight responsibilities and costs
for an appropriations-funded energy project, through project acceptance

Task Labor Cost

Hoursa ($)
Engineering Design
11 Form site design-phase team, identify rates and overheads 8 920
1.2 Prepare systems requirement document (SRD), design criteria (DC) 120 13,800
1.3 Transmit SRD and DC to AE and request bid for design services 10 1,150
1.4 Prepare cost estimate for design activities 24 2,760

15 Review AE's proposal; compare work scope to SRD & DC; compare proposed price to 24 2,760
government estimate

1.6 Negotiate terms, date of completion, price with AE 4 460
1.7 Award contract to AE. 2 230
1.9 Design kickoff meeting 28 3,220
1.10  Escort AE on site familiarization walk-through 24 2,760
1.11  Prepare and submit NEPA paperwork 24 2,760
1.12  Review and comment on AE's first design package submittal 120 13,800
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Table2.30 (continued)

Task Labor Cost
Hoursa ($)

1.13  Send Lockout/Tagout forms to AE 1 115

1.14  Review and approve AE's final design package submittal 160 18,400
Procurement of Construction Contractor

2.1 Preparation of independent government estimate 140 16,100

2.2 Reproduction of design package 4 460

2.3 Meeting with Procurement group to develop acquisition plan 4 460

2.4 Preparation of general terms and conditions 24 2,760

2.5 Davis—Bacon wage rate determinations 4 460

2.6 Procurement develops RFP (competitive bid, firm fixed price, low bid award) 20 2,300

2.7 Agency field office review of RFP 4 -

2.8 Procurement issues RFP 2 230

29 Conduct pre-bid conference and site tour 40 4,600

2.10 Review bids for compliance and comparison with government estimate; Cost 80 9,200
Estimating reviews all bids (assuming 4 bidders)

2.11  Procurement reviews lowest bidder's package, to include QA plan, safety & health 24 2,760
plan, small business plan, FOCI

2.12  Award contract to low bidder 2 230
Construction

3.1 Miscellaneous: badge/pass, coordination, documentation, reporting, issue resolution, 80 9,200
admin, management

3.2 Pre-construction meeting 28 3,220

3.3 Construction kickoff meeting 28 3,220

3.4 Coordinate site-specific training for prime and subcontractors 4 460

3.5 Attend/conduct/document biweekly progress/coordination meetings (6 person-hours 156 17,940
per meeting, assume 26 meetings in a 52-week construction period)

3.6 Review outage requests & coordinate w/Facility Manager (1 hr/week) 52 5,980

3.7 Review construction work permit requests and coordinate (1 hr/week) 52 5,980

3.8 Provide electrical support for final tie-ins—engineer 52 5,980
Provide electrical support for final tie-ins—tech or craft 160 8,000

3.9 Health Physics (or hea!th & safety, ha_zardous materials, etc.) inspgctors monitor and 416 47,840
survey components being removed prior to transport to waste facility (8 hr/week)

3.10  Safety personnel support/inspections (2 hr/week) 104 11,960

3.11 Inspect construction; review and approve routine construction documents and other 312 35,880
construction engineer work (6 hr/week)

3.12 Review, approve, and accept as-built drawings and other post-construction submittals 24 2,760
and services (per contract, examples include operating manuals, maintenance plans,
and training of site staff)

3.13  Review and approve commissioning report and prepare acceptance letter 8 920
Summary: Total Labor Hours and Cost
Total project manager or engineer hours ($115 per hour) and cost 2213 254,495
Total technical or craft labor hours ($50 per hour) and cost 160 8,000
Total site labor cost 262,495

aAll labor hours are for project managers or engineers except for 160 technical or craft personnel hours for task 3.8.
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typical for the engineering skill level required to perform the tasks. These task listings and price estimates
were developed by facilities engineers who are among the most experienced DOE FEMP Super ESPC
project facilitators, responsible for about 35% of awarded project investment through FY 2001. These
same engineers were aso responsible for the majority of the appropriations-funded projects at the two
adjacent agency sites examined here. Table 2.29 is the experience-based estimate of the all-agency
average for ESPC, assuming that the agency reimburses DOE for the standard package of services
provided by an experienced FEMP project facilitator, that agency management is committed to effective
utilization of the Super ESPC program, and that the agency and ESCO teams function as partners working
toward acommon goal. Table 2.30 is the experience-based estimate for project management and
construction oversight of the typical project when implemented at either of the two adjacent agency sites
using appropriations.

Although it appears that project management and construction oversight costs should be significantly
less for ESPC projects than appropriations-funded projects, based on the experience of these engineers,
the ESPC estimate ($152,443 or 4.7%) in Table 2.29 is an all-agency average, and the appropriations
estimate ($262,495 or 8.0%) in Table 2.33 is for the two adjacent agency sites. Due to this agency’s
required processes and procedures, the costs for ESPC project management and construction oversight at
these sites may actually be more like those for the appropriations experience. It is interesting to note that
the Table 2.30 value of 8.0% from the engineers' experience with appropriations at these sitesis similar
to the 9.4% average from the ECM sample. We assume the project management and construction
oversight costs are the same for ESPC and appropriations and exclude them from both cases for the life-
cycle cost analysis presented in Chapters 3 and 4.

2.7.4 Recommended Practicesfor Ensuring Fair Pricing

Agencies have a number of tools at their disposal for ensuring fair pricing in their ESPC projects.
Severd tools based on pricing experienced in previously awarded Super ESPC projects that are useful at
theinitial proposal stage are available through FEMP Project Facilitators. Agencies concerned about the
possibility that past prices under Super ESPCs were higher than prices they can obtain when using
appropriated funds can use the method documented here to derive benchmarks from their own past
appropriations-funded projects. At the final proposal stage agencies can use their own benchmarks or
employ an experienced professional cost estimator to verify that the ESCO’ s pricing isfair and
reasonable. The recommended practices for ensuring fair pricing in ESPC projects are summarized below.

Agencies that engage the support of FEMP Project Facilitators have access to pricing data on all
preceding Super ESPC delivery orders. Project Facilitators use this data at the initial proposal stage. The
datais compiled in two formats. Super ESPC Pricing Benchmarks, and the ECM Locator.

FEMP has compiled Super ESPC Pricing Benchmarks for the ECMs most common in Super
ESPCs—comprehensive lighting upgrades, geothermal heat pump systems, chiller replacements, variable-
frequency drives, and building automation systems. These benchmarks show the range of all-inclusive
prices (including mark-up) and associated statistics for these ECMs and can quickly alert Project
Facilitators if the pricesin theinitial proposal are unusually high or low. Currently the ECM benchmarks
are averages across al years and locations; adjustments for these factors may be implemented in the
futureif usersfeel it would be worthwhile.

Project Facilitators use the ECM Locator to find data on any individual ECM, particularly those not
benchmarked with a group of similar ECMs. This comprehensive inventory gives Project Facilitators
access to al-inclusive prices, guaranteed savings, and descriptive information on any ECM implemented
under a past Super ESPC delivery order.

The method documented here for comparing al-inclusive prices of ECMs implemented with
appropriated funds and through ESPCs can also help agencies to ensure fair pricing in their ESPC
projects. For most ECM s agencies can derive all-inclusive-price benchmarks from their own past
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appropriations-funded projects. Using historical, documented design completion and construction costs
for ECM projects, less agency site project management and construction oversight costs, adjusted to the
appropriate timeframe with the GDP-IPD, agencies will be able to compare the prices for past
appropriations-funded projects with the prices offered by ESCOs in their initial and final proposals.

Other approaches for the final proposal stage involve the use of professional cost estimators. One
approach isto obtain open-book backup information on proposed prices from the ESCO and have the cost
estimator review the ESCO’ s estimate. A more expensive approach is to have the cost estimator develop
an independent government estimate “from scratch,” based on the technical scope descriptions of the
ECMs that appear in the ESCO’ sfina proposal.

Agencies can ensure that they are obtaining fair prices by following these recommended pricing
review procedures prior to awarding their ESPCs, and they are encouraged to do so.
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3. METHODOLOGY FOR COMPARING PROCESSES
AND LIFE-CYCLE COSTS

3.1 INTRODUCTION

ESPCs allow federal agenciesto improve the energy efficiency of their facilities without depending
on Congressional appropriations to pay for the improvements. Since 1988, federal agencies have used
ESPCs (and their “shared energy savings’ predecessors) to leverage more than $1 billion in private-sector
investments to improve their facilities and to help meet federal energy, water, and emissions-reduction
goals. Nevertheless, some disagreement remains over the financia value of ESPCs as a method for
funding energy conservation projects. Because they use private capital, ESPCsincur interest costs that are
not incurred in appropriations-funded projects. On the other hand, it usually requires much lesstime for a
federal site to obtain private-sector financing for an ESPC than it does to obtain appropriated funds from
the site’s managing federal agency. Once an agency receives appropriations from Congress for energy
conservation, the agency must decide how to divide these funds up among the many sites it manages. This
headquarters decision process takes time and entails significant site costs for surveys and studies and
funding applications, and any delay in implementing an energy conservation project causes inefficient
equipment to remain in service longer, wasting appropriated funds on unnecessary energy use and
emergency maintenance, repairs, and replacements.

Obviously, acomparison of the two funding alternatives requires careful consideration of the costs
associated with each, aswell as the time frames in which these costs are incurred. In this chapter we
present a methodology for such a comparison and examples of its application. Our objective was to
compare the life-cycle costs of using ESPCs and appropriations to implement a“typical project,” which
was defined as the average project implemented under the DOE Super ESPC program. The capital
investment, annual cost savings from energy and related operations and maintenance (O& M), and other
characteristics of thistypical project correspond to the average characteristics of all Super ESPC projects
awarded through FY 2001.

The two project implementation mechanisms have different scheduling delays and process costs.
Sections 3.2 and 3.3 describe how each process was characterized. The timeline and costs for the ESPC
case correspond to the average values for all Super ESPC projects awarded through FY 2001. The
appropriations process model is based on the two-step process used by several large agencies for
distributing direct project funding to sites. First, the site requests funds for an energy survey and
feasibility study for a proposed project. If step-one funding is received, the site completes the survey and
study, and submits a request for implementation funding supported by the study report and a detailed cost
estimate (based on 30% completed design). The requested step-two funding, if received, isused to
complete the design and construct the project. The appropriations process model must also allocate total
process time between intermediate milestones where the costs occur. The time proportioning assumptions
are based on a detailed examination of historical documentation of all projects at one federal site that
received funding over a two-year period from its governing agency’ s energy management program.

Having defined the parameters of the typical project and characterized the process costs and time
delays of the two different mechanisms for project development, financing, and implementation, we could
then estimate the life-cycle costs of each option over a 20-year study period. Sections 3.4 and 3.5 detail
the calculation of life-cycle costs.

In the course of our work we found that the life-cycle cost when using appropriations depended
strongly on several key parameters such as (1) total processtime (the time elapsed before the ECMs are
operating and saving energy) and (2) costs for surveys and studies that are required in the process of
requesting funding (as a percentage of design completion and construction costs). For this reason we
performed a parametric analysis, varying the survey and study costs and process delays over awide range.
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The results of the life-cycle cost analysis (given in Chapter 4) are expressed in tables that compare the
average ESPC and the entire range of appropriations cases.

3.2 CHARACTERIZING THE AVERAGE ESPC

3.2.1 Super ESPC Implementation Process

Figure 3.1 provides an overview of the process typically used to set up an ESPC at afederal facility
using one of the ESCOs holding a pre-competed DOE Super ESPC contract. The process begins with a
one-day kickoff meeting during which site personnel present their objectives for the ESPC and provide an
overview of the buildings and energy systems they wish the ESCO to consider. Following the meeting,
the ESCO beginsits own preliminary survey of buildings and systems to determine whether afeasible
pay-from-savings project exists. Typically within two months, the ESCO presents an initial proposal to
the site. If the site is satisfied with the general direction of project development, the initial proposal is
accepted and the site issues the ESCO a nhotice of intent to award. DOE project facilitator services are
provided without the need for reimbursement up to this stage, but after the notice of intent the site usually
entersinto an interagency agreement to reimburse DOE for the continuation of project facilitator services
through award and one year beyond, when the first annual measurement and verification (M&V) report is
submitted. With the notice of intent in hand, the ESCO begins a more in-depth audit of the site’ sfacilities
(the detailed energy survey) with the objective of developing designs to 30% completion to support firm
estimates of the costs and savings of the proposed ECMs. This detailed survey and associated design
development, feasibility study, and fina proposal development including M&V and commissioning plans
take about six months. When completed, the ESCO presents afinal proposal to the site.

Thefinal proposal gives acomplete description of the project, including the firm, fixed prices of all
ECMsto beinstalled, the energy and related O&M cost savings that will be guaranteed, and a schedule of
the payments the site will make to the ESCO over the term of the contract. The proposal aso provides
detailed financia schedules that specify the amount of private financing the ESCO will obtain, the
financing procurement price, the total annual interest rate, and the ESCO’ s operating budget over the
contract term for debt repayment and performance-period services such asM&V, O&M, and repair and
replacement (R&R). The site reviews the final proposal, and after afinal round of negotiations awards a
delivery order to the ESCO to implement the project. The ESCO completes the designs and then
constructs and commissions the project. When the project is accepted, the site begins making monthly
payments according to the negotiated schedule for the duration of the contract term.

3.2.2 Super ESPC Scheduling and Financial Parameters

The Federal Energy Management Program (FEMP) maintains a database of information from the
financial schedules of all awarded Super ESPC delivery orders. By the end of FY 2001, 71 delivery
orders had been awarded. We used this database and other information about the Super ESPC program to
select 16 characteristics that define an average or typical Super ESPC project. In what follows, we
provide a definition of these parameters, which are shown in bold face. For reference, aformal definition
of each parameter is provided in the appendix.

3.2.2.1 Timeto Award Ddivery Order and Complete Construction

Since the beginning of the program in FY 1998, FEMP has kept track of the “cycle time’ for setting
up a Super ESPC, i.e., the time from kickoff meeting to delivery order award. The cycle timeis calculated
for each fiscal year by averaging across all projects kicked off in that year. It is not possible to include
projects in the average until they are awarded. For this reason, average cycle times for the most recent
years can appear artificially low. At the time our analysis was performed, the FY 2001 average was
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clearly artificialy low and could not be used because many projects kicked off in FY 2001 were not yet
awarded. We therefore used the FY 2000 average at the time, which was 14.9 months, for the first
parameter that defines the average ESPC project, averagetimeto delivery order award. Since we
performed a monthly analysis, we rounded the FY 2000 value up to 15 months. For the aver age
design/construction period we considered all 71 projects, the average is 10.7 months. We round this to
the nearest whole month and add an extra month for commissioning and acceptance, bringing the value to
12 months.

3.2.2.2 Implementation Price and Financed Amount

The database shows that the aver age implementation price for the 71 awarded projects, i.e., the
average price for developing the ECM projects and purchasing and installing the ECMSs, is approximately
$3,263,000. An ESPC implementation price includes all direct project implementation expenses (surveys,
feasibility studies, design, construction, commissioning) plus mark-up to recover indirect costs
(overheads, sales effort, surveys and studies for projects never awarded, etc.) and profit. The aver age
financed amount is $2,990,000. Both of these numbers are straight averages, i.e., the totals from all
projects of implementation prices and financed amounts, respectively, divided by 71.

The price the ESCO charges to arrange project financing, to obtain required payment and
performance bonds, to lock in interest rates in advance of financial closings (in cases where this strategy
isused), and to cover construction-period interest is called the financing procurement price. The average
financing procurement price across all 71 projectsis $236,000.

Note that the implementation price plus the financing procurement price does not add up to the
financed amount. Sites implementing holistic energy-efficiency solutions with ESPCs often find that the
project eliminates the need for one or more repair and renewa projects that were previoudy planned, and
for which funds are available. Sites can apply these funds from avoided project savingsto an ESPC in the
form of a one-time pre-performance-period payment to the ESCO. Another type of pre-performance-
period payment is when energy and related O& M cost savings that accrue during the construction period
are paid to the ESCO at acceptance (large projects with long construction periods can generate significant
savings before all ECM s are accepted). By reducing the amount of financing required to install the ECMSs,
pre-performance-period payments reduce interest costs, and the resulting savings can be used to shorten
the contract term. The aver age pre-performance-period payment acrossthe 71 projectsis $509,000.
Thisisasimple average as well.

3.2.2.3 Interest Rateand Contract Term

A weighted average was used to determine the total annual interest rate for the representative project.
We multiplied the total annual interest rate of each project by the financed amount, took the sum over all
projects, then divided by the total financed amount. The aver age project total annual interest rate as
calculated by this definition is 8.07%. We used the same weighting technique to determine the term of the
representative project. The average delivery order term was found to be about 17 years (206 months).

3.2.2.4 Guaranteed Annual Cost Savings

Under Super ESPC, the ESCO guarantees that the installed ECM s will generate a certain level of
annual cost savings. These savings generally increase from year to year because of price inflation.
However, even when adjusted for inflation, first-year savings are often higher than the savingsin the
following years. Thisis because of minor inconsistencies in how ESCOs have been completing the Super
ESPC financial schedules, or inconsistencies in the schedul es themselves (before amendmentsto all the
Super ESPC prime contracts eliminated the inconsistencies). In some projects, energy and energy-related
0O&M savings that occur during the construction period are paid to the ESCO during the first year of the
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performance period, as opposed to being included in pre-performance-period payments. To work around
the uncertainty in what isincluded in first-year savings, we used values from the fifth year of each project
to determine the average year-5 guaranteed cost savings. Thisis asimple average over al 71 projects.
Then to determine the rate at which the annual guaranteed savings escalates over time, we made a second
calculation: for those projects with delivery order terms of at least ten years, we determined (a) the sum of
the annual guaranteed cost savings in year 5; and (b) the sum of the annual guaranteed cost savingsin
year 10. This allowed us to determine the aver age escalation rate for guaranteed annual cost savings,
assuming constant price escalation. We calculated this rate to be 1.87%, and used it to bring the smple
average of the year-5 cost savings of all 71 projects back to year 1. The result of these calculationsisthe
average first-year guaranteed cost savings, which is $354,000. We assume that the representative
project resultsin this amount of savingsin the first year, and that these savings escalate at a constant rate
of 1.87% per year.

3.2.2.5 Measurement and Verification Cost

The site uses the annual guaranteed cost savings to make payments to the ESCO; the ESCO in turn
uses these funds for two purposes:. to pay debt service (principal and interest) on the financed amount, and
to pay for the performance-period services that are assigned to the ESCO (maintenance, repair,
replacement, etc.). In Super ESPC contracts, one of the ESCO'’ s performance-period responsibilitiesis
measurement and verification of savings. We chose to break M&V costs out separately because they are
not incurred in appropriations-funded projects.

The price the ESCO chargesfor M&V generally varies from year to year according to priceinflation,
but the proj ect-specific plan may aso require more M&V costs in the first year of the contract than in
later years. For this reason, we decided that year-5 M&V costs would be more representative of annual
M&V costs. Aswith annual guaranteed cost savings, we used year-5 and year-10 M&V coststo calculate
an average escalation ratefor annual M&V price, then used this rate to bring the average year-5 M&V
price back to year one, defining the average year-1 M&V price. Using this definition, we found the
average year-1 M&V price to be $13,300 and the escalation rate to be 3.78%.

3.2.2.6 Performance-Period Services

We used the same strategy to calculate the price the ESCO charges for performance-period
responsibilities other than M&V. Again, since the priceis generally higher in year 1, we used year-5 and
year-10 performance-period-services prices to determine the aver age escalation rate for annual
performance-period-services price (excluding M & V), and then used this rate to bring the average
year-5 price back to year 1 to determine the aver age fir st-year performance-period-servicesprice
(excluding M & V). The average first-year performance-period-services price (excluding M&V) was
found to be $36,400 with an average annual escalation rate of 3.95%.

3.2.2.7 Percentage of Savings Paid to ESCO

The final two parameters involve payments made by the site to the ESCO. Acrossall 71 projects, the
average percentage of guaranteed cost savings paid to the ESCO is 98%. Given the average first-year
guaranteed cost savings of $354,000, this means that the average first-year contractor payment is about
$347,000. Using the same year-5 to year-10 comparison described above, we found the average
escalation rate for annual contractor payment to be 1.87%, which isidentica to the average
escalation rate for guaranteed annual cost savings.

Table 3.1 summarizes the 16 parameters that define the average Super ESPC project.
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Table 3.1. Financial and time-related parametersfor the average
Super ESPC project

1. Averagetimeto DO award 15 months
2. Average design/construction period 12 months
3. Average implementation price $3,263,000
4. Average financed amount $2,990,000
5. Average pre-performance-period payment $509,000
6. Average financing procurement price $236,000
7. Average project total annual interest rate 8.07%
8. Average delivery order term 206 months
9. Average first-year guaranteed cost savings $354,000
10. Average escalation rate for guaranteed annual cost savings 1.87%
11. Average first-year M&V price $13,300
12. Average escalation rate for annual M&V price 3.78%
13. Average first-year performance-period-services price, $36,400
excluding M&V
14. Average escalation rate for annual performance-period-services 3.95%
price, excluding M&V
15. Average percentage of guaranteed cost savings paid to ESCO 98%
16. Average escalation rate for annual contractor payment 1.87%

3.3 CHARACTERIZING THE APPROPRIATIONS CASE

The appropriations cases in this study are modeled on the two-step process for disbursing energy
management funds that is used by several agencies, including the Department of Defense, Department of
Energy, Housing and Urban Development, and Genera Services Administration. We have reviewed web
sites and interviewed personnel involved with other agencies’ appropriations-funded energy programs,
and are confident the process we modeled is representative of most agencies. For example, Department of
Defense sites request survey and study funds from the Energy Engineering Analysis Program and use the
results to request design completion and construction funding from the Energy Conservation Investment
Program. In all of these programs, competition for funds isfierce, and principal scoring criteriainclude
savings-to-investment ratio (SIR) and payback period. These criteria require the sites to perform
feasibility studies, cost estimates, and life-cycle cost analyses, and the end result is the type of process
modeled here.

To obtain an understanding of actual appropriations-funded project schedules and process costs, we
examined in detail one agency site’ s records of al projects that received funding from the agency’s
energy management (EM) program—either for surveys and studies or for design completion and
construction—during FY 1994 and FY 1995. While the program is no longer active, many of the
individuals who were involved in requesting funds and managing these appropriations-funded efforts are
still involved in energy conservation at the site. The following description of the processis based on
interviews with those individuals, as well as an examination of historical records from the program.

The two-step process outlined below istypical of the process faced by other federal agency sites
when implementing conservation projects using their own agency programs. We recognize, however, that
the costs and delays associated with each milestone in the process may vary considerably from agency to
agency, and from program to program. For this reason we kept our process model general enough to
allow for variations in these factors. The only appropriations process model assumption that relies on the




small sample of projects we examined from one agency site relates to the allocation of total processtime
between intermediate milestones where the costs occur.

What followsis ageneral description of the steps involved in implementing projects with
appropriations using one agency site as an exampleto fill in the details.

3.3.1 TheProcess of Requesting Appropriations

3.3.1.1 Requesting Fundsfor Survey and Feasibility Study

Thefirst step in the process of obtaining funds from the headquarters EM program was for the site's
engineers to perform aminimal in-house assessment to determine if the ECM was likely to receive
funding from headquarters for a more detailed site survey and feasibility study. If the ECM had a
reasonable chance of receiving survey/feasibility study funds, the second step was to write up arequest
and submit it to the agency. Headquarters expected these requests in August, and survey and study funds
for approved projects were supposed to be released the following November. Of course, the ECMs
submitted were in competition with submissions from other agency sites, so not al requests for detailed
survey and feasibility study funds were granted. Requests were sometimes resubmitted in a number of
years before the survey and study funds were finally received.

3.3.1.2 Survey, Feasibility Study, and 30% Design

For projects that did receive survey and study funding, the third step in the process was to perform the
detailed survey and feasibility study. Ideally, funds to perform the study would be transferred from the
agency in November, and the study would begin shortly afterward. In reality, funds were sometimes
transferred later in the fiscal year. Ongoing work at the site sometimes delayed the start of the study as
well.

The study required for the EM program involved surveying the facilities and developing a detailed
engineering and financial analysis to estimate project costs and benefits, with the ultimate goal of
determining parameters such as simple payback and savings-to-investment ratio (SIR), which would be
used to score the project in the selection process. To estimate project costs, engineers would develop
ECM designs to the 30% completion stage to serve as the basis for detailed cost estimates. Estimating
benefits (i.e., energy and energy-related cost savings) typically required some modeling with a building
energy analysis program such as DOE-2 or Market Manager. Officialy, the EM program would consider
funding projects with simple paybacks of 10 years or less, but engineers knew from experience that
proj ects with short paybacks—especially those in the range of 3-5 years—had the best chance of being
funded.

3.3.1.3 Requesting Fundsfor Design Completion and Construction

Sometimes the study would find that the simple payback was longer than acceptable, and the project
ideawould be shelved. But if the study did identify ECMs with paybacks in the acceptable range, the
fourth step was to submit the study to headquarters along with a request for design completion and
construction funds. As with requests for survey and study funds, these requests had to be submitted in
August. If headquarters funded the project, it would release funding the following November. Once these
funds were received, the project proceeded like any other design and construction project, with
completion of the design and bid-to-spec package, arequest for proposals for construction, receipt of bids,
contractor selection and, finally, project construction. Again due to limited appropriations, not all design
and construction requests were funded, and some funding requests were resubmitted in multiple years.
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3.3.1.4 Summary of Process Steps

To summarize, the tasks involved in implementing ECMs under the EM program (illustrated in
Figure 3.2) were the following:

e Perform minima assessment of ECM.

e Develop request for fundsto perform formal survey and feasibility study and submit the request to the
agency EM program.

e Perform survey and feasibility study (if funding received).

e Develop request for design completion and construction funds and submit to the agency EM program
along with the study report and detailed cost estimate (if study shows payback in the range of
3-5 years).

e Complete design and construction (if design/construction funding received).

e Accept construction project (and begin energy savings).

3.3.2 Duration of Process Steps

One of the key parametersin the life-cycle cost of appropriations-funded projectsis total process
time, which is determined by the duration of the process steps. This section demonstrates the use of the
methodology for estimating this parameter and documents our findings on the duration of the process
steps as experienced by the site whose records we examined. However, our life-cycle cost comparisons
(in Chapter 4) show appropriations cases with arange of 28 monthsto 74 months for this parameter.

To estimate the average duration of each step, we examined the records of al the site projects that
received funding from the EM program—either for a survey and study or for design completion and
construction. The projects were classified by the year in which funding was received. Records from
FY 1994 and FY 1995 contained the most compl ete information, so we used these records as the basis of
our study. For each project that received some type of funding during FY 1994 and FY 1995, the records
contain the following information:

e Cost of survey and study

e Date survey and study began

e Date survey and study ended

e Cost of design completion and construction
e Date construction began

e Date construction ended

The records encompass 23 EM-funded surveys and studies carried out between May of 1991 and
September of 1997. The project where the survey and study was performed in FY 1991 wasincluded in
the sampl e because the design/construction funds were requested annually but not received until FY 1994.
The project where the survey and study was completed in September 1997 was included because the
survey and study funds were received in FY 1995. Funds were requested for design compl etion and
construction for atotal of 39 ECMs, indicating that some studies covered multiple ECMs. Because
funding was normally received in November, we expected to see most of the surveys and studies
beginning in December or January, but the records indicate that the work could start in any month of the
year. The mean starting month for the 23 surveys and studies was May, which is a delay of six months
after receipt of funding.
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The average duration of the 23 surveys and studies was 6.65 months. For the purposes of this
analysis, we rounded that number up to 7 months. If the average feasibility study is assumed to beginin
May, it would be completed in December. Applications for design and construction funds would be
submitted in August of the following year, and funds were provided for successful applicantsin the
following November. Of the 39 ECMs studied, 30% (12) eventually received additional EM funding for
design completion and construction. The average delay between the end of the survey and study and the
beginning of the design completion effort was 17.6 months. The design completion period averaged
10.1 months. There was an average 1.9-month delay before construction began. The construction period
averaged 10.0 months. Rounding all of these to the nearest month, we have the following schedule,
assuming a project whose feasibility study began in May of 1994:

Submit funding request: Aug 1993
Receive funding: Nov 1993
Begin survey and study: May 1994
End survey and study: Dec 1994
Begin design completion: Jun 1996

End design: Apr 1997
Begin construction: Jun 1997

End construction: Apr 1998
Project accepted: May1998

One piece of information missing from the files was the date when the preliminary in-house study
was performed. According to engineers familiar with the process, these studies could be performed at any
time throughout the year prior to August, when applications for survey and study funds were due. It could
be argued that the most likely time to perform these assessments was in December: The agency released
survey and study and design/construction funds for successful projectsin November, and after finding out
which projects had been funded, the site could begin looking for other potential projects. However,
engineersinsisted that these studies were performed throughout the year. For the purposes of this
analysis, it was assumed that the initial study was performed in February, six months prior to the deadline
for submitting new study requests. With this date, and the average durations of the mgjor activities, the
average schedule for the site’' s appropriations-funded projects is fixed. According to our anaysis, the
period of time from when an ECM was first identified until it began saving energy was, on average,

63 months.

Figure 3.3 is agraphic comparison of the timelines of this particular appropriations case and the
average Super ESPC case.

3.3.3 Cost of Studiesand Surveys

As noted above, because projects were in competition for limited appropriations, only 12 out of
39 ECMs studied were ultimately funded. In fact, projects dropped out of the process at each step along
the way. Theinitial assessment identified some unfeasible projects, and these were not submitted for
funding. Not al of the survey and study funding requests submitted were approved. Not all of the surveys
and studies identified feasible ECMs that could be submitted to the agency for design completion and
construction funding. Then, not all the design completion and construction requests were funded.
Obviously, costs may be incurred for surveys and studies whether or not an ECM is ultimately installed.
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Unfortunately the records provided to us cover only those projects that were awarded survey and
study funds from the agency. We can estimate the cost of the preliminary studies performed for the ECMs
that received study funds, but we have no way of determining how many of the ECMs assessed in step 1
were not submitted for survey and study funds (because the payback was determined to be too long); or of
those submitted, how many did not receive the survey and study funds (because of the limited availability
of appropriations). Nevertheless, the cost of the preliminary assessments was much smaller than the cost
of the surveys and studies, so ignoring the cost of ng unsuccessful ECMs at this early stage does
not introduce much error. It should be recognized however that the cost calculated here provides alower
bound for the true study costs incurred in this sample.

The records show that in FY 1994-1995, $1,251,000 was received from the EM program to perform
surveys and feasibility studies for the 39 ECMs. The total estimated cost to implement these ECMs was
$27,472,000. Ultimately, however, only 12 of the 39 were approved, and atotal of $4,996,400 in design
completion and construction funds was received. Based on these data, the cost of surveys and feasibility
studies was about 25% (= 1,251,000/4,996,400) of the cost of implementing the ECMs.

On the other hand, the costs of surveys and feasibility studies for only the ECMs that ultimately
received design completion and construction funding was $195,000, or closer to 4% (= 195,000/
4,996,400) of the cost of implementing the ECMs. While project records did not indicate the cost of
performing the initial assessments, an engineer familiar with the process estimated that an assessment
required 20 person-hours on average. The same individual estimated that the applications for funds
required 6 person-hours to perform. An hourly rate of $100 was assumed to determine the cost of these
activities.

Costs for surveys and studies that are required in the process of requesting funding (as a percentage of
design completion and construction costs) can vary widely. The parametric tables (in Chapter 4) show
appropriations cases with survey and study costs ranging from 4% to 26% of design completion and
construction costs.

3.3.4 Design Completion and Construction Cost

Design completion and construction cost is equal to Super ESPC average implementation price of
$3,263,000.

3.3.5 Cost Savings

Cost savings in the appropriations case are the same as the guaranteed cost savings for the average
Super ESPC. In both cases, cost savings are accounted for in the analysis as a reduction in energy and
energy-related costs.

3.3.6 Energy-Related Maintenance Costs

For the appropriations case, we assume that the site spends the same amount on O&M and R&R of
the new eguipment as in the average Super ESPC case, based on the $36,400 first-year price for
performance-period services, which excludes all M&V costs.

3.4 CALCULATING SUPER ESPC LIFE-CYCLE COST

All of the scenarios anayzed involve the implementation of ECMs with atotal investment value of
$3,263,000—an amount that corresponds to the average implementation price of the 71 ESPC projects
as defined above and in Appendix A—inflated to the appropriate date by the rate of general price
inflation.

Once accepted by the government, the ECM s are assumed to generate energy and energy-related
0O&M savings in the amount of the aver age first-year guaranteed cost savings, inflated by the aver age

50



escalation rate for guaranteed annual cost savings. The “cost savings’ is accounted for in the analysis
asareduction in energy and energy-related costs.

We calculated the life-cycle cost of the typical project implemented using a Super ESPC as
$4,922,607. Thisisthe present value of all payments made by the facility during the 20-year study period.
In the material below we describe how this calculation was made.

3.4.1 Inflation and Discount Rates

In our life-cycle cost analysis we use the DOE nominal discount rate from the annual supplement to
NIST Handbook 135 (NIST, 2001). Federal agencies and contractors to federal agencies are required by
10 CFR 436, Part A, 814ato use the DOE discount rate when conducting life-cycle cost analysis related
to energy conservation, renewable energy resources, and water conservation projects for federal facilities.
The nominal rate effective at the time of our analysis was 6.1% and equals the real discount rate plus
general price inflation, which was 2.7%. The DOE real discount rate is based on long-term U.S. Treasury
bond rates averaged over the 12 months prior to the preparation of the annual supplement. In essence, the
DOE nominal discount rate includes the Treasury’s cost of borrowing money plus general price inflation.
In our analysis general price inflation was applied to all costs occurring in future years to be consistent
with use of the nominal discount rate for calculating the present value of life-cycle costs.

3.4.2 Excess Energy and Related Costs Before Construction

We assume that during the first year of operation, the ESPC resultsin cost savings corresponding to
the average fir st-year guaranteed cost savings ($354,000); these savings increase from year to year by
the average escalation rate for guaranteed annual cost savings (1.87%). In the months between the
kickoff meeting and project acceptance, the facility is assumed to incur excess energy and energy-related
costs in the amount of the guaranteed cost savings. Since we are performing a monthly analysis, we
divide the annual savings by 12. Specifically, the excess energy and energy-related costs incurred in
month 1 (when the kickoff meeting is held) are calculated as

($354,000/12) x (1 + 0.0187)"*2 = $29,546 .

Likewise, the excess energy and energy-related costs incurred in month 2 are
($354,000/12) x (1 + 0.0187)%*2 = $29,591 |,

and so forth, until month 28 (27 months after the kickoff meeting) when the project is accepted. At project
acceptance, the new, more efficient equipment begins operation, and the facility no longer pays the excess
energy and energy-related costs because they are negated by the onset of guaranteed savings.

3.4.3 Pre-Performance-Period Payment

There are two types of pre-performance-period payments to the ESCO: (1) a payment corresponding
to a“one-time savings’ accrued by the site resulting from avoidance of planned projects that are rendered
unnecessary by the ESPC, which occurs after the ESCO implements the part of the ESPC that eliminates
the need for the stand-al one project, and (2) payments equivalent to the energy and related O& M cost
savings accrued during the construction period, which are generally paid to the ESCO near acceptance.
For the purposes of this analysisit is assumed that al pre-performance-period payments occur in month
28 when the delivery order is accepted. The payment is $541,646, which corresponds to the average pre-
performance-period payment ($509,000) escalated at the rate of genera price inflation to month 28.

3.4.4 Project Facilitation

Agency sites generally enter into an interagency agreement with DOE and reimburse DOE for the
services of aproject facilitator when the initial proposal is accepted and notice of intent to award is
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issued. On average, this occurs about three months after kickoff, so for the purposes of this analysiswe
assume the site pays $30,268 to DOE for project facilitation in month 4. This represents $30,000 inflated
to month 4 at 2.7%, the rate of general priceinflation.

3.4.5 PaymentsDuring Contract Term

The ESPC performance period formally beginsin month 28, and the facility then begins making
monthly payments to the ESCO from guaranteed savings. The monthly amount depends on the average
first-year guaranteed cost savings ($354,000), the aver age per centage of guaranteed cost savings
paid to the ESCO (98%) and the aver age escalation rate for annual contractor payment (1.87%).
Specifically, in month 28 the facility pays:

(0.98 x $354,000/12) x (1 + 0.0187)%*? = $30,187 .
Likewise, the payment to the ESCO in month 29 is:

(0.98 x $354,000/12) x (1 + 0.0187)**? = $30,234 ,

and so forth, until the ESPC performance period is completed.

3.4.6 Expensesthrough End of 20-Year Study Period

After completion of the ESPC performance period, the ESCO no longer maintains the installed
equipment, and the facility begins incurring additional operations and maintenance costs. Note that the
facility’s O&M costs are identical to the costs the ESCO was paying, except that the facility does not
perform M&V. Thus the facility’ s costs after completion of the ESPC depend on the aver age fir st-year
performance-period-services price, excluding M& V ($36,400), and the aver age escalation rate for
annual performance-period-servicesprice, excluding M&V (3.95%). For example in month 228, the
facility incurs O&M costs in the amount of ($36,400/12) x (1 + 0.0395)**%"? = $6333, and so forth, until
the end of the 20-year study period.

3.4.7 Equipment Salvage Value

At the end of the study period, the facility gets a credit for the salvage value of the equipment
accepted in month 28. The equipment is assumed to have its full value of $3,472,280 in month 28 (the
amount corresponds to the aver age implementation price inflated to month 28 at the rate of general
price inflation) and zero value in month 268, which is 20 years after acceptance. We use straight-line
depreciation to calculate the salvage value in month 240. The result is a credit of $405,099 in month 240,
the end of the 20-year study period.

3.4.8 Summary of Super ESPC Costs

In summary, there are six types of costs incurred by the facility in a Super ESPC: (1) monthly costs
due to excess energy and energy-related O&M in the months prior to installation of the ECMs, (2) afee
for project facilitation incurred 3 months after kickoff when theinitial proposal is accepted, (3) apre-
performance-period payment made at acceptance, (4) monthly contractor payments to cover debt
repayment (principal and interest) and performance-period services (M&V, O&M, R&R) beginning when
the ECM s are accepted and continuing throughout the performance period, (5) monthly O&M and R&R
costs, incurred from the end of the ESPC performance period until the end of the 20-year study period,
and (6) a salvage value (listed as a negative cost) for the equipment installed under the ESPC in month
240. These costs are summarized in Table 3.2.
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Table3.2. Costsincurred in ESPC project

Annual Month(s) in
Description Baseyear cost  escalation Costtype which cost
rate occurs
Excess energy and energy-related O&M costs $29,500 1.87% Monthly 1-27
Project facilitation fee $30,000 2.70% One-time 3
Pre-performance-period payment $509,000 2.70% One-time 28
Contractor payment (debt service, M&V, etc.) $28,910 1.87% Monthly 28-226
Operations/mai ntenance/repair/replacement $3,033 3.95% Monthly 227-240
Salvage* ($405,099) n‘a One-time 240

*Salvage value isin year-20 dollars (i.e., at month 240).

Given all the costs and the months in which they occur, we calculate the present value (in month 0) of
each cost using the discount rate of 6.1%. For example, the present value of the pre-performance-period
payment of $541,646 made in month 28 is calculated as:

$541,646

D $469,956 .
(1+0.061/12)%®

3.4.9 Calculating Monthly Paymentsand Contract Term

When the delivery order is signed, the ESCO must procure financing in the amount of $3,098,122,
which corresponds to the aver age financed amount inflated by the rate of general priceinflation to
month 16. Modeled here is the escrow style of financing where the ESCO closes on the permanent
financing at the beginning of the construction period, and in essence the capitalized construction period
interest is calculated from the negative arbitrage between interest earned on the escrow account and
interest paid on the entire permanent financing principa balance. The ESCO uses the escrowed funds to
pay for project implementation in increments as construction progresses and to pay for financing
procurement costs, which include the capitalized construction-period interest from month 16 until month
28, when the first payment is received from the facility.

Beginning in month 28, the ESCO receives monthly contractor payments; these payments are used to
pay four types of costs: interest on the outstanding loan balance; a principal payment; M&V costs; and
non-M&V performance-period service costs. We calculate the principa payment as the monthly
contractor payment, minus the interest payment, minus the M&V, minus the non-M&V performance-
period services. This means that in general, the ESCO’ s loan payments are variable. For example, we
showed above that the contractor payment in month 28, the first month of the ESPC, is $30,187. To
calculate the M&V cost for month 28, we use the aver age first-year M& V price ($13,300) and the
aver age escalation ratefor annual M&V price (3.78%):

(13,300/12) x (1 + 0.0378)%"2 = $1209 .

To caculate the ESCO’ s other monthly expenses, we use the aver age fir st-year performance-
period-services price, excluding M& V ($36,400) and the aver age escalation rate for annual
performance-period-services price, excluding M&V (3.95%):

(36,400/12) x (1 + 0.0395)%"2 = $3320 .

At the beginning of month 28, the entire principal of $3,098,122 remains on the loan (remember, the
pre-performance-period payment essentialy lowers the financed amount). We use this amount and the
average project total annual interest rate (8.07%) to calculate the monthly interest payment:

3,098,122 x 0.0807/12 = $20,835 .
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The amount the ESCO pays toward the principal isthen the contractor payment, minus the interest
payment, minus M&V costs, minus non-M&V performance-period costs, or

30,187 — 20,835 — 1,209 — 3,320 = $4,823 .

Then the remaining principal at the end of month 29 (and at the beginning of month 30) is
3,098,122-4,823, or $3,093,299.

The same calculations are made for each month during the ESPC performance period to determine the
principa payment. Finaly, a point is reached when the amount available for the principal payment is
greater than the remaining principa balance. Thisisthe final month of the ESPC performance period. In
this month, we reduce the payment from the site to the ESCO such that the ESCO receives just enough to
pay the remaining principal, the final month’ sinterest, and for the performance-period services.

Using the financia and scheduling parameters for the average Super ESPC project and the escrow
financing style, the variable loan payment schedule described above resultsin a project term of 200
months. This compares well with the aver age delivery order term of 206 months. The differenceis due
to severa factors. For example, some of the 71 Super ESPC projects were financed with separate
construction period and permanent financing rather than the escrow approach, and some were financed
with fixed monthly debt service payments rather than the variable payments modeled in this analysis.

3.5 CALCULATING LIFE-CYCLE COST OF APPROPRIATIONS CASES

The sections below illustrate how we calculated life-cycle cost for the appropriations cases. In this
illustration, we use the values derived from our analysis of the agency site data.

3.5.1 Inflation and Discount Rates

The discount and inflation rates used in calculating life-cycle costs for the appropriations cases are the
same as those used for the ESPC case, described in Section 2.5.1.

3.5.2 Surveys/Studies and Funding Requests

We assume the site requests funds equal to the aver age implementation price ($3,263,000) for
design completion and construction of ECMs. The process begins with the minimal in-house study
required to gather information for the formal survey and study fund request. The in-house study requires
20 hours at a labor cost of $100 per hour, or $2,000, which isinflated to month 1 according to the rate of
genera price inflation. Preparation and submission of the study fund request takes place in month 7 and
requires 6 hours at the labor rate of $100 per hour, or $600 inflated to month 7. The survey and study
funds are disbursed by headquarters in month 10. In the small sample of projects, survey and study funds
are 25% of the implementation price.

The facility begins the survey/feasibility study in month 16 and completesit in month 23. In month
31, the facility submits arequest to the agency EM program for design completion and construction
funds. Preparation and submission of this request takes 6 hours at the base hourly rate of $100, or $600
inflated to month 31 at the rate of general price inflation.

3.5.3 Costsduring and after Construction

Headquarters disburses the design completion and construction funds in month 34, in an amount
equal to $3,263,000 inflated to month 34 at the rate of general price inflation. The facility then completes
the design and constructs the ECMs, using a combination of in-house and contracted services.
Construction ends in month 63 and the project is accepted and begins saving energy in month 64.

Until the ECMs are installed and accepted, in every month the facility pays excess energy and energy-
related costs equal to one-twelfth of the average first-year guaranteed savings, inflated monthly
according to the average escalation rate for guaranteed annual cost savings. Once the project is
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accepted, the facility assumes responsibility for maintaining the equipment, and pays a monthly charge
that depends on the aver age fir st-year performance-period-services price, excluding M& V ($36,400),
and the aver age escalation rate for annual performance-period-servicesprice, excluding M& V
(3.95%).

Asin the ESPC case, the ECMs are assumed to generate energy and energy-related O& M savingsin
the amount of the ESPC average first-year guaranteed cost savings, inflated by the aver age escalation
ratefor guaranteed annual cost savings. The “cost savings’ is accounted for in the analysisas a
reduction in energy and energy-related costs.

3.5.4 Equipment Salvage Value

Aswith the ESPC, at the end of the study period the facility gets a credit for the salvage value of the
equipment accepted in month 64. Straight-line depreciation is used to caculate the salvage value in month
240. Since government acceptance of equipment is later in the appropriations case than in the ESPC case,
the equipment salvage value at the end of the study period is also greater.

3.5.5 Summary of Appropriations Case Costs

The costs to the facility of implementing the typical project using appropriations are summarized in
Table 3.3. Given dl the costs and the months in which they occur, we cal culate the present value (in
month 0) of each cost using the discount rate of 6.1%. The life-cycle cost of this appropriations case is
then $5,531,718.

Table 3.3. Costsincurred in appropriations-funded projects (agency siteillustration)

Annual Month(s) in
Description Baseyear cost escalation Costtype which cost
rate occurs
Excess energy and energy-related O& M costs $29,500 1.87% Monthly 1-63
Perform in-house pre-feasibility study $2,000 2.70% One-time 1
Submit survey and study funds request $600 2.70% One-time 7
Provide survey and study funding $815,750 2.70% One-time 10
Submit design/construction funds request $600 2.70% One-time 31
Provide design/construction funding $3,263,000 2.70% One-time 34
Operations/mai ntenance/repair/replacement $3,033 3.95% Monthly 64-240
Salvage? (%$1,002,986) n/a One-time 240

aSalvage valueisin year-20 dollars (i.e., at month 240).
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4. RESULTSAND APPLICATION OF THELCC
COMPARISON METHODOLOGY

In this chapter we present the results of the life-cycle cost (LCC) comparison in the form of
parametric tables that enable the average ESPC to be compared to appropriations cases having awide
range of survey and study costs and total processtimes. The effects of degradation of savings on life-
cycle cost are also analyzed and displayed in parametric tables for the entire range of appropriations
Cases.

There are several caveats associated with the use of the LCC comparison tables, but in general the
tables can be used to obtain a customized LCC comparison between implementing the typical project (or
fleet of typical projects) with appropriations and the average ESPC. The limitations of the tables and the
assumptions embedded in the comparisons are discussed in Section 4.3. Applications of the methodology
are discussed and use of the tablesis demonstrated with several examplesin Section 4.4.

4.1 LIFE-CYCLE COST COMPARISON RESULTS

Table 4.1 presents the results of the life-cycle cost comparison. The average Super ESPC (see
Section 3.2) is compared to parameterized appropriations cases with a range of process times and survey

Table4.1. Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy conservation
project funded with appropriationsto present valuelife-cycle cost of same project carried out using
ESPC, asa function of total survey and study cost and total processtime. The shaded cells

represent cases with life-cycle cost lower than the ESPC case.

Total ; ; ;
process time Total survey and study cost (as per centage of design completion/construction cost)

(months) 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24% 26%
28 0.8969 0.9099 09231 09361 09491 0.9623 0.9753 0.9883 1.0015 1.0145 1.0275 1.0407
30 0.9028 09160 0.9290 09422 0.9552 0.9682 0.9814 0.9944 1.0074 1.0206 1.0336 1.0466
32 0.9087 0.9217 09347 09479 09609 0.9739 0.9869 0.9999 1.0129 1.0259 1.0391 1.0521
34 0.9146 09276 09406 09536 0.9666 0.9796 0.9928 1.0058 1.0188 1.0318 1.0448 1.0578
36 09202 09332 09462 09592 09722 09855 0.9985 1.0115 1.0245 1.0375 1.0505 1.0635
38 09259 09389 09519 09649 09779 0.9909 1.0039 1.0171 1.0301 1.0431 1.0561 1.0691
40 09314 09444 09572 09702 09832 0992 1.0092 1.0222 1.0352 1.0482 1.0612 1.0742
42 0.9369 0.9497 09627 09757 09887 1.0017 1.0147 1.0277 1.0407 1.0537 1.0667 1.0797
44 0.9422 09552 09682 09812 0.9942 10072 1.0202 1.0332 1.0462 1.0592 1.0722 1.0852
46 0.9475 09605 09733 09863 0.9993 1.0123 1.0253 1.0381 1.0511 1.0641 1.0771 1.0901
48 0.9527 09655 09785 09915 1.0045 1.0176 1.0303 1.0433 1.0564 1.0694 1.0824 1.0952
50 09578 09708 0.9838 09966 1.0096 1.0226 1.0356 1.0486 1.0614 1.0744 1.0874 1.1004
52 09629 09759 09889 1.0017 1.0147 1.0277 1.0407 1.0537 1.0665 1.0795 1.0925 1.1055
54 0.9678 0.9808 0.9938 1.0066 1.0196 1.0324 1.0454 1.0584 1.0712 1.0842 1.0970 1.1100
56 0.9729 09857 09987 10115 1.0245 1.0375 1.0503 1.0633 1.0761 1.0891 1.1021 1.1149
58 09775 09905 1.0035 10163 1.0293 1.0421 1.0551 1.0681 1.0809 1.0939 1.1067 1.1197
60 09822 09952 1.0080 1.0210 1.0338 1.0468 1.0596 1.0724 1.0854 1.0982 1.1112 1.1240
62 09871 09999 1.0127 1.0257 1.0385 1.0515 1.0643 1.0773 1.0901 1.1029 1.1159 1.1287
64 0.9899 1.0027 1.0157 1.0285 1.0415 1.0543 1.0671 1.0801 1.0929 1.1059 1.1187 1.1317
66 0.9944 1.0074 1.0202 1.0330 1.0460 1.0588 1.0718 1.0846 1.0976 1.1104 1.1232 1.1362
68 0.9989 1.0117 1.0245 10375 1.0503 1.0631 1.0759 1.0889 1.1017 1.1145 11272 1.1402
70 10031 10161 1.0289 1.0417 10545 10675 1.0803 1.0931 11059 1.1189 1.1317 1.1445
72 1.0076 1.0204 1.0332 1.0460 1.0590 1.0718 1.0846 1.0974 11104 11232 11360 1.1488
74 10117 10245 10373 10501 10629 1.0759 1.0887 11014 11142 11270 11398 1.1526
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and study costs. The table allows comparison of the average Super ESPC to appropriations cases having
total process times between 28 and 74 months, and total survey and study costs between 4% and 26% of
design completion and construction costs. In all of the appropriations casesin Table 4.1, we assume the
sameinitia level of savings asin the Super ESPC case and no degradation of savings.

The results of the comparisons are expressed in the cells of Table 4.1 asratios of the average Super
ESPC life-cycle cost to the life-cycle cost of the parameterized appropriations cases. The shaded cellsin
Table 4.1, showing values less than one, represent combinations of process times and total survey and
study costs that make the life-cycle cost of the appropriations-funded project lower than that of the
average ESPC case. For example, the value showing in the table for the appropriations case having atotal
process time of 40 months and survey and study costs of 10% of design completion and construction costs
is0.972, indicating alower cost than for the average Super ESPC.

The 28-month lower bound on total process time equals the average time to acceptance for Super
ESPC. Since Super ESPC is a streamlined design—build process that taps private sector financing when
needed rather than waiting for appropriations, we felt that implementing an appropriations-funded project
faster than the average Super ESPC would be unlikely. The upper bound of 74 months is the next highest
even number beyond the 73-month average reported for alarge sample of appropriations-funded projects
(75% of al projects funded FY 1985 to 1993) in a 1993 report on an agency EM program that used the
two-step process modeled for this study (not referenced to preserve anonymity).

The 4% lower bound on total survey and study costs represents the average direct survey and study
costs observed when we examined the 1994-1995 sample of projects from one agency site. Since no
proportional share of indirect dead-ended survey and study costsisincluded, it seems unlikely that any
agency could claim alower value than 4% for the total of direct and indirect survey and study costs. The
upper vaue of 26% is the next even number beyond the 25% observed during 1994-1995 at the agency
site whose records we examined.

4.2 PERSISTENCE OF SAVINGS

The achievement of expected savings and persistence of savings over time has been a concern in
federa and other energy conservation programs (see for example Bronfman et a., 1991, Chapter 6).
Definitive studies on the subject are scarce, but conventional wisdom in the energy field isthat savings do
not persist (and sometimes are never redlized at all) without planned and funded follow-up to verify that
equipment is performing properly and savings are delivered.

One of the perceived advantages of Super ESPCs is the requirement for ESCOs to guarantee cost
savings and to perform annual measurement and verification audits to ensure that savings are achieved.
There is some evidence that contracts with guarantees and specified follow-up plans do succeed in
delivering the expected savings (Osborn et al., 2002).

In this section we quantify the effect of savings degradation on life-cycle cost. There are a number of
ways to model reductionsin savings, and in general the same model would not apply for al technologies.
Given that we analyze atypical project and no ECMsin particular, here we adopt a ssmple model and
assume that in the absence of M&V, savings decrease at a constant annual rate. For example, if agiven
project resultsin afirst-year savings of $10,000 and savings decrease at an annual rate of 1%, then the
savingsin year 2 would be $9,900, in year 3 savings would be $9,801, and so on, until the end of the
study period.

Only actua costs are treated in this analysis, so energy savings appear throughout as decreased
energy costs. This means that degradation of energy savingsis shown as an increase in energy costs. In
the calculation of life-cycle costs for appropriations cases where savings degrade, costs equal to decreased
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savings occur monthly, whereas these costs did not occur in the cases where no savings degradation is
assumed (Table 4.1).

We calculated the life-cycle cost of both the ESPC and the appropriations-funded cases using three
rates of decrease for annual energy and related O& M savings. For the appropriations-funded cases, we
assume that the decrease in savings begins shortly after project acceptance. For the ESPC project, our
assumption is that the required M&V maintains the guaranteed savings throughout the performance
period, but once the term expires and the agency resumes responsibility for follow-up activities, savings
decrease at the same rate as in an appropriations-funded project. As shown in Table 4.2, the reduction in
savings has only a small effect on the present value of life-cycle cost of the typical project implemented
with ESPC. Thisis because of our assumption that the M&V performed during the 227-month
performance period maintains savings at a constant level (except for energy price escalation ). Savings
degradation is assumed to occur only after the performance period ends, i.e., during the 13 remaining
months until the end of the 20-year study period.

Table4.2. Present value of life-cycle cost of typical project
implemented with ESPC when savings degrade
after completion of project term

Life-cycle cost

No annual decrease in savings $4,922,607
0.5% annual decrease in savings $4,923,022
1% annual decreasein savings $4,923,434
2% annual decrease in savings $4,924,249

Tables 4.3 through 4.5 show the present value of the life-cycle cost of the typical project funded by
appropriations, for annual savings reduction rates of 0.5%, 1% and 2%, and for avariety of total survey
and study costs and total process times. The shaded cellsindicate combinations of parameters that result
in lower life-cycle cost than the average ESPC case. These tables can be compared with Table 4.1, which
represents the same range of parameters with no reduction in savings.

The conclusion hereis obvious: Degradation of savings can greatly increase the life-cycle cost of a
project. At very low rates of savings reduction—0.5% to 1%—appropriations-funded projects can still
have lower life-cycle costs than the average ESPC case. However, even at a modest savings reduction rate
of 2%, which resultsin atotal savings reduction of 25% over 15 years, appropriations-funded projects are
no longer competitive with ESPC, no matter how low the total survey and study costs, or how quickly the
funds are delivered. Remember, however, that the analysis assumes that annual savings degradation for
appropriations-funded projects begins shortly after acceptance, whereas savings degradation for ESPC
begins after the 17-year performance period because of the guaranteed savings contract structure and
follow-up annual M&V audits.

59



Table 4.3. Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy conservation

project funded with appropriationsto present valuelife-cycle cost of same project carried out using

ESPC, asa function of total survey and study cost and total processtime. Annual reduction

of guaranteed annual cost savingsis 0.5%, or about 7% over 15 years. The shaded cells

represent cases with life-cycle cost lower than the ESPC case.

pro-cregstsatlime Total survey and study cost (as per centage of design completion/construction cost)

(months) 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24% 26%
28 0.9271 0.9401 0.9533 09663 09793 0.9925 1.0055 1.0185 1.0317 1.0447 1.0577 1.0709
30 09324 09456 0.9586 0.9716 0.9848 0.9978 1.0108 1.0240 1.0370 1.0500 1.0632 1.0762
32 0.9376 0.9506 0.9636 09766 09896 1.0028 1.0158 1.0288 1.0418 1.0548 1.0678 1.0808
34 0.9427 0.9557 0.9689 09819 09949 10079 1.0209 1.0339 1.0469 1.0601 1.0731 1.0861
36 0.9478 0.9610 0.9740 09870 1.0000 1.0130 1.0260 1.0390 1.0522 1.0652 1.0782 1.0912
38 0.9529 09659 09789 0.9921 1.0051 1.0181 1.0311 1.0441 1.0571 1.0703 1.0833 1.0963
40 0.9577 09707 0.9837 0.9967 1.0097 1.0227 1.0357 1.0487 1.0617 1.0747 1.0877 1.1007
2 0.9626 09756 0.9886 1.0016 1.0146 1.0276 1.0406 1.0536 1.0666 1.0796 1.0926 1.1056
44 0.9675 0.9805 0.9935 10065 1.0195 1.0325 1.0455 1.0585 1.0715 1.0845 1.0975 1.1105
46 0.9722 0.9852 0.9980 10110 1.0240 10370 1.0500 1.0628 1.0758 1.0888 1.1018 1.1148
48 0.9768 0.9898 1.0026 1.0156 1.0286 1.0416 1.0546 1.0674 1.0804 1.0934 1.1064 1.1194
50 0.9813 09943 1.0073 1.0203 1.0333 1.0461 1.0591 1.0721 1.0851 1.0981 1.1109 1.1239
52 0.9860 09990 1.0118 1.0248 1.0378 1.0508 1.0638 1.0766 1.0896 1.1026 1.1156 1.1284
54 0.9902 1.0032 1.0162 1.0290 1.0420 1.0548 1.0678 1.0808 1.0936 1.1066 1.1194 1.1324
56 0.9947 1.0077 1.0205 1.0335 1.0463 1.0593 1.0723 1.0851 1.0981 1.1109 1.1239 1.1369
58 0.9990 1.0120 1.0248 1.0378 1.0508 1.0636 1.0766 1.0894 1.1024 1.1154 1.1282 1.1412
60 10032 10160 1.0290 1.0418 1.0546 1.0676 1.0804 1.0934 11062 1.1192 11320 1.1448
62 1.0073 1.0203 1.0331 1.0461 1.0589 1.0717 1.0847 1.0975 11105 1.1233 1.1363 1.1491
64 1.0097 1.0227 10355 1.0483 1.0613 1.0741 1.0871 1.0999 11127 11257 1.1385 1.1515
66 1.0138 1.0266 1.0396 1.0524 1.0654 1.0782 1.0912 11040 1.1168 1.1298 1.1426 1.1556
68 10177 10305 10435 10563 1.0691 1.0819 1.0949 1.1077 11205 1.1332 1.1462 1.1590
70 10215 10345 10473 10601 1.0729 1.0859 1.0987 1.1115 11243 11373 11501 1.1629
72 1.0254 10384 10512 10640 1.0768 1.0898 1.1026 1.1154 11282 1.1412 11540 1.1668
74 1.0292 1.0420 1.0548 1.0676 1.0804 1.0932 11060 1.1188 1.1316 1.1444 1.1572 1.1700
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Table4.4. Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy conservation

project funded with appropriationsto present valuelife-cycle cost of same project carried out using

ESPC, asa function of total survey and study cost and total processtime. Annual reduction

of guaranteed annual cost savingsis 1%, or about 14% over 15 years. The shaded cells

represent cases with life-cycle cost lower than the ESPC case.

Total ; ; ;
processtime Total survey and study cost (as per centage of design completion/construction cost)

(months) 4% 6% 8%  10%  12%  14%  16%  18%  20%  22%  24% 26%
28 0.9556 0.9686 0.9816 0.9948 1.0078 1.0208 1.0340 1.0470 1.0600 1.0732 1.0862  1.0992
30 0.9603 0.9733 0.9865 0.9995 10125 1.0257 10387 1.0517 1.0649 1.0779 1.0909 11041
32 0.9648 0.9780 0.9910 1.0040 1.0170 1.0300 1.0430 1.0562 1.0692 1.0822 1.0952 1.1082
34 09694 0.9824 0.9954 1.0086 1.0216 1.0346 1.0476 1.0606 1.0736 1.0868 1.0998  1.1128
36 09739 09871 1.0001 1.0131 1.0261 1.0391 1.0521 1.0653 1.0783 1.0913 1.1043 1.1173
38 09784 0.9916 1.0046 1.0176 1.0306 1.0436 1.0566 1.0698 1.0828 1.0958 1.1088  1.1218
40 0.9829 0.9958 1.0088 1.0218 1.0348 1.0478 1.0608 1.0738 1.0868 1.0996 1.1126 1.1256
42 0.9871 1.0001 1.0131 1.0261 1.0391 10521 10651 1.0781 1.0911 1.1041 11171 1.1301
44 0.9914 1.0044 1.0174 1.0304 10434 10564 10694 10824 1.0954 1.1084 1.1214 1.1344
46 09954 1.0084 1.0214 1.0344 1.0474 1.0602 1.0732 1.0862 1.0992 1.1122 11250 1.1380
48 0.9997 1.0127 1.0255 1.0385 1.0515 1.0645 10775 1.0903 1.1033 1.1163 1.1293 1.1423
50 1.0038 1.0168 1.0298 1.0426 1.0556 1.0686 1.0816 1.0944 11074 11204 11334 1.1464
52 1.0078 1.0206 1.0336 1.0466 1.0596 1.0726 1.0854 1.0984 1.1114 11244 1.1374 1.1502
54 10117 10245 10375 1.0505 1.0633 1.0763 1.0891 11021 1.1151 1.1279 1.1409 1.1537
56 10156 1.0286 1.0413 1.0543 1.0671 1.0801 1.0931 11059 1.1189 1.1317 1.1447 1.1577
58 1.0194 1.0322 1.0452 1.0582 1.0710 1.0840 1.0968 1.1098 1.1228 1.1356 1.1486 1.1614
60 1.0231 1.0359 1.0489 1.0617 1.0747 1.0875 1.1002 1.1132 11260 1.1390 1.1518  1.1648
62 1.0267 1.0397 1.0525 1.0653 1.0783 1.0911 1.1041 1.1169 1.1297 11427 1.1555 1.1685
64 1.0288 1.0415 10543 10673 1.0801 1.0931 1.1059 11189 1.1317 1.1445 1.1575 1.1703
66 10322 1.0452 10580 1.0708 1.0838 1.0966 1.1096 1.1224 1.1354 1.1482 1.1610 1.1740
68 1.0357 1.0485 10615 1.0743 1.0870 1.0998 1.1128 1.1256 1.1384 1.1512 1.1642 1.1770
70 1.0391 10519 1.0649 1.0777 1.0905 1.1033 1.1163 1.1291 1.1419 11547 1.1677 1.1805
72 1.0426 1.0554 1.0682 1.0812 1.0940 1.1067 1.1195 1.1325 1.1453 1.1581 1.1709 1.1839
74 1.0458 1.0586 1.0714 1.0842 1.0970 1.1098 1.1226 1.1354 1.1482 11610 1.1740 1.1868
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Table4.5. Ratio of present value of life-cycle cost (thousands, 2001 dollars) of typical energy conservation

project funded with appropriationsto present valuelife-cycle cost of same project carried out using

ESPC, asa function of total survey and study cost and total processtime. Annual reduction
of guaranteed annual cost savingsis 2%, or about 25% over 15 years. At thisrate of annual
reduction, there are no cases where life-cycle cost is lower than the ESPC case.

prol-;tsa:ime Total survey and study cost (as per centage of design completion/construction cost)

(months) 4% 6% 8%  10%  12%  14%  16%  18%  20%  22%  24% 26%
28 1.0077 1.0209 1.0339 1.0469 1.0601 1.0731 1.0863 1.0993 11123 11255 1.1384 1.1514
30 1.0115 1.0245 1.0375 1.0507 10637 10767 10899 11029 1.1159 1.1291 1.1421 1.1551
32 1.0150 1.0280 1.0410 1.0542 1.0672 1.0802 1.0932 11062 11192 11322 11454  1.1583
34 1.0186 1.0316 1.0446 1.0576 1.0706 1.0836 1.0968 1.1098 1.1228 1.1358 1.1488  1.1618
36 1.0221 10351 10481 10611 1.0743 1.0873 1.1003 1.1133 11263 1.1393 1.1525 1.1655
38 1.0255 1.0385 1.0515 1.0647 1.0777 1.0907 11037 1.1167 1.1297 1.1427 1.1559 1.1689
40 1.0288 1.0418 1.0548 1.0678 1.0808 1.0938 1.1068 1.1198 1.1328 1.1458 1.1588 1.1718
42 1.0322 1.0452 1.0582 10712 10842 10972 11102 11232 1.1362 1.1492 1.1622 1.1752
44 1.0355 1.0485 10615 1.0745 1.0875 1.1005 1.1135 1.1265 1.1395 1.1525 1.1655 1.1785
46 1.0387 1.0517 10647 10775 1.0905 1.1035 1.1165 1.1293 1.1423 1.1553 1.1683 1.1813
48 1.0420 1.0548 1.0678 1.0808 1.0938 1.1068 1.1196 1.1326 11456 1.1586 1.1715  1.1843
50 1.0450 1.0580 1.0710 1.0840 1.0968 1.1098 1.1228 1.1358 1.1486 1.1616 1.1746 1.1876
52 1.0481 1.0611 1.0741 10871 11001 11129 11259 1.1389 1.1519 1.1646 1.1776 1.1906
54 1.0511 1.0641 1.0769 1.0899 11027 11157 11287 11415 11545 1.1673 1.1803 1.1933
56 1.0542 10670 1.0800 1.0930 1.1058 1.1187 1.1315 1.1445 11575 11703 1.1833 1.1961
58 1.0570 1.0700 1.0828 1.0958 1.1088 1.1216 1.1346 1.1474 11604 11734 1.1862 1.1992
60 1.0599 1.0727 1085 1.0984 1.1114 1.1242 1.1372 1.1500 1.1628 1.1758 1.1886 1.2016
62 1.0627 1.0755 1.0885 1.1013 11143 11271 11401 1.1529 1.1657 1.1787 1.1915 1.2044
64 1.0637 1.0767 1.0895 1.1025 1.1153 1.1281 11411 11539 1.1669 1.1797 1.1927 1.2055
66 1.0666 1.0794 1.0923 11051 11179 11309 1.1437 11567 1.1695 1.1825 1.1953 1.2081
68 1.0692 1.0820 1.0948 1.1076 11206 1.1334 11462 11590 11720 1.1847 11975 1.2103
70 1.0718 10846 1.0974 11102 11232 1.1360 1.1488 1.1616 1.1746 1.1874 1.2002 1.2130
72 1.0743 10873 11001 11129 1.1257 1.1387 1.1514 1.1642 11770 11900 1.2028 1.2156
74 1.0767 1.0897 1.1025 1.1153 1.1281 1.1409 11537 11665 1.1793 1.1921 1.2049 1.2176

4.3 KEY ASSUMPTIONSUSED IN CALCULATING LIFE-CYCLE COSTS

Those who use the parametric tables should be aware of the assumptions embedded in the
comparisons. The tables enable agencies to compare only the LCCs of two aternatives methods of
implementing the same typical project. The methods and tables do not accommodate comparison of, for
example, two different projects having three- and ten-year paybacks, respectively.

Other key assumptions are discussed in the following sections.

4.3.1 ECM Pricing Parity

Given the data we gathered and our comparative analysis of ECM-level pricing (see Chapter 2), we
believeit is reasonable to assume that for ECMs in general, the appropriations-funded design completion
and construction cost and the implementation price of Super ESPCs are essentially equal for smilarly
sized ECMs having the same technical scope. Therefore, in the life-cycle cost analysis method we assume
parity between the all-inclusive ECM pricesin the ESPC and appropriations cases. (See Figure 2.1 and
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Section 2.3.) Those who are uncomfortable with this assumption may want to perform an ECM-level
price analysis on a sample of their own completed projects.

4.3.2 Survey and Study Costs

Survey and study costs are included in the Super ESPC implementation price, but are not included in
the design completion and construction cost in appropriations-funded projects. These costs are also highly
variable. The appropriations cases are parameterized with costs for surveys and studies varying from 4%
to 26% of design completion and construction costs. In calculating life-cycle costs, survey and study costs
accrue in the months when they occurred, on average, in the projects used to modd the appropriations
case. (See sections 3.3.3 and 3.5.2 and Table 3.3)

4.3.3 ESPC Process Time

The ESPC modé, to which the appropriations cases are compared, is based on al-agency averages,
such as the 28-month timeline from kickoff meeting to government acceptance of an operating project.
There is no inherent feature of the Super ESPC program that prevents any agency from achieving
timelines equal to the average of all participating agencies, but even with their best efforts, some agencies
may take longer than 28 months. To adjust the analysis, agencies can request the spreadsheet used by the
authors and revise the ESPC case to match their agency-specific averages.

434 O&M, M&V, and Other Performance-Period Services

Included in the life-cycle costs of the Super ESPC case are the price of services provided by the
ESCO during the term of the delivery order (the performance period)—M&V, O&M, and R&R. The price
of these services are included in the site's payments to the ESCO, and as with the debt service portion of
the payment, are covered by guaranteed cost savings.

While the ESPC case bears the average cost of M&V, O&M and R&R acrossthe 71 Super ESPC
projects, the appropriations-funded cases only bear the average cost of O&M and R&R. In essence we
assume that the price the ESCO charges for O& M/R&R is the same as the cost the site would incur to
maintain the same equipment under the appropriations scenarios. In Table 4.1, with zero savings
degradation, the average ESPC caseis till bearing the cost of M&V and the appropriations caseis not.

4.3.5 Parameterizing the Appropriations Cases

To parameterize the appropriations case for the life-cycle cost study, we had to make some
assumptions about when the intermediate steps in the appropriations process would take place if the
whole schedule (the total processtime) were compressed or lengthened from what was observed in the
small sample of FY 1994 and 1995 projects from one agency site. For example, consider the receipt of
design completion and construction funds. As shown in Table 3.3, based on the small sample that had a
63-month total process time, design completion and construction funds are received in month 34 on
average, or 33 months from the beginning of the process. When we varied the total process time, we
maintained a constant ratio between the delay to receipt of these funds and the total processtime. In other
words, for atotal processtime of 73 months, we assumed a delay to receipt of design completion and
construction funds of 38 months (= 33 x 73/63, rounded to the nearest whole number), so the funds would
be received in month 39. The only assumptions embedded in the parameterized appropriations case model
that rely on averages from the small sample of projects are these time proportioning assumptions that
allow usto alocate tota process time between intermediate milestones where the costs occur.

4.3.6 Site Project Management and Construction Oversight Costs

In the ECM-level pricing analysisin Chapter 2, the site’ s project management and construction
oversight costs were deducted from the Step 2 appropriations funding received for project
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implementation. Although these activities are required in both ESPC projects and appropriations-funded
projects, their costs are not included in the average Super ESPC implementation price, which is our basis
for comparison. Therefore, to conserve the validity of the comparison, these costs were deducted from the
appropriations cases. (See Section 2.7 for more detailed discussion.)

4.4 USING THE PARAMETRIC LCC COMPARISON TABLES

This report describes a methodology for performing rigorous, “applesto apples’ comparisons
between the life-cycle costs of average ESPCs and appropriations-funded projects. The life-cycle cost of
appropriations-funded projects—and therefore any comparisons of appropriations and average ESPC—
are highly sensitive to total survey and study costs as a percentage of design completion and construction
costs, total processtime, and savings degradation. Agency and site personnel can gain insight on which
approach has historically been best for them by using their own historica data on appropriations-funded
projects to estimate the three parameters and referring to Tables 4.1, 4.3, 4.4, and 4.5. Then, assuming the
past is a guide to the future, agencies and their sites can use these methods to inform their decisions going
forward.

Before embarking on this exercise, agency personnel should consider whether the appropriations-
funded EM program described in this report resembles their own. In genera the authors believe the tables
in this report do agood job of characterizing processes where sites first compete for survey and study
funds, and then compete for design completion and construction funds. Guidance on estimating the three
key parameters from historical recordsis provided below.

For agency-level EM programs, sources of data for estimating the agency-wide total survey and study
cost as a percentage of design completion and construction cost are finance or budget records indicating
amounts disbursed to sites for surveys and studies and design completion and construction. Agency sites
should have the same kinds of finance or budget records to show amounts received from the agency for
surveys and studies and design completion and construction. In both cases, using averages over severd
yearsis preferred. Given these two figures, the total survey and study cost as a percentage of design
completion and construction cost is calculated by dividing the latter into the former and multiplying
by 100.

Thetotal process time averaged across all projects agency-wide or site-wide, i.e., the number of
months elapsed from initial conception of a project until the project is finally operating and accepted, may
prove more difficult for agencies to determine accurately, but the number can also be estimated. Some
agency personnel may have already studied their EM programs and will have reports available. If such
reports are not available, our study shows that reasonably accurate estimates of process time can be
obtained from examining a small multi-year sample of project records. Another good source of
information is site energy managers and engineers. These individuas have experience with the program
and usudly have a very good idea of the total process time required. For example, the individuals we
interviewed at the agency site estimated process time to be about five years. Examination of a small
multiyear sample of records led to an estimated average of 63 months, or 5 years and 3 months.

Of the three parameters required, the annual rate of savings reduction will of course be the most
difficult to estimate. In general, determination of this rate would require afairly extensive data collection
effort. Here our recommendation is to speak with site energy managers and engineers. Many individuals
would be willing to estimate the savings that remain from the typical conservation project after 15 years,
given the level of maintenance performed at the site. Tables 4.3 through 4.5 provide the 15-year loss
consequences, as well as annual rates of reduction.




4.5 EXAMPLE APPLICATIONSOF THE LCC COMPARISON METHODOLOGY

The following examples demonstrate the application of the LCC comparison methodology and
illustrate the relationship of the key parametersto life-cycle cost. In al of these cases, we assume that
savings from appropriations-funded projects persist without degradation, as they do in the ESPC case.

4.5.1 Comparing Past Appropriations-Funded Projectsto an Average ESPC

One application of LCC methodology and Table 4.1 isto compare past appropriations-funded
projects to an average ESPC. For example, if asite’ s estimated survey and study costs for past projects
were 10% of design completion and construction costs, and it generally took 50 months to get the site’s
projects up and running, we would see from the table that the site’ s past projects had about the same life-
cycle cost as the average ESPC.

45.2 Considering Whether to Finance or Wait for Appropriations

Federal energy managers must often consider the relative merits of waiting for appropriations or
using an ESPC. Using estimates of afacility’ s survey and study costs, total process time, and persistence
of savings, energy managers can refer to the parametric tables and see how the life-cycle costs of the
alternatives compare. Using their own experience and judgment concerning their prospects for
appropriations, they can decide whether financing or waiting or some combination of both is the best
business decision.

Thetables could a so be very useful to agencies who must decide how best to proceed when they face
the need to implement alarge inventory of projectsto meet their goals and lack sufficient appropriations
to directly fund them all. Suppose that every year an agency receives appropriations from Congress
amounting to just 20% of the funds required to implement all of its required energy efficiency
improvements. Isit better to implement the projects piecemeal—funding 20% of the total every year, and
waiting five years to make all the improvements—or to fund them al up front with ESPC? If the projects
are like the ones typically funded through ESPC, the parametric tables can be used to find the answer.

For example, assuming appropriations-funded projects can be carried out on the same 28-month
schedule as ESPC, and that survey and study funds amount to 12%, Table 4.1 shows that the life-cycle
cost of the typical energy efficiency project funded by appropriationsis about 94.91% of the life-cycle
cost of the same project carried out with an ESPC. Now assume an agency has five such projectsto
implement, but only enough appropriations to fund one of them per year. Theratio for the second year's
project would be about 0.9832 (Table 4.1 with 28 + 12 = 40 month process time and 12% survey and
study costs). Likewise, the ratio for the third year's project would be 1.0147 (Table 4.1 with 28 + 12 +
12 = 52 month process time and 12% survey and study costs). Altogether, the life-cycle cost ratio for
funding all five projects with appropriationsis 0.9491 + 0.9832 + 1.0147 + 1.0415 + 1.0675 = 5.065.
Since we have added the individual ratios, if the cost of implementing the projects with appropriations
were equal to the cost of implementing them with ESPC, the sum would be exactly 5. However, in this
case the sum is greater than 5, so the life-cycle cost of funding the projects over five years with
appropriationsis greater than the life-cycle cost of funding them all up front with ESPC.

4.5.3 Appropriations Case Based on Small Sample of Project Data

Now we consider the same small sample of projects funded in FY 1994-95 from one agency site that
isdescribed in Chapter 3. It took the site 63 months on average to get projects in the ground. Records
from the studied site showed that $1,251,000 was received from the agency to perform surveys and
feasibility studies for 39 ECMs having atotal estimated implementation cost of $27,472,000. Ultimately
only 12 of the 39 were funded, and atotal of $4,996,400 in implementation funding was received. Based
on these data, the cost of al surveys and studies for this program was about 25% of the cost of the funded
ECMs. Given the 63-month total process time and the 25% total survey and study costs, the LCC
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comparison tables indicate that implementing this small sample of projects with an average ESPC would
have resulted in lower life-cycle costs for these projects.

However, FY 1994-95 was the heyday for this agency’ s direct-funding program, which had seen
stable to rising appropriations throughout the previous decade, but in FY 1996 appropriations dropped to
zero and stayed there for a number of years. The fact that total survey and study costs (as a percentage of
design completion and construction costs) spiked to 25% is an artifact of the funding history, and is
mostly interesting only as an example of what can happen when agency appropriations become unreliable
and already defined projects are never funded for implementation.

45.4 Appropriations Case Where All Projects are Funded

This case uses the same 63-month total process time as the previous example, but considers only the
direct survey and study costs for the 12 funded ECMsin the study site sample (4% of total ECM
funding). This case represents what might have been achievable at the site if every project defined with
survey and study money had been funded with appropriations and total process time remained the same.
Since al projects get funded in this scenario, total survey and study costs equal direct survey and study
costs. Even in this more optimistic case, the tables indicate that the life-cycle cost of appropriated projects
is comparable to the life-cycle cost under an average ESPC. Given current Congressional funding
priorities, agencies may fare better by investing in an ESPC now rather than betting on the likelihood of
future appropriations, particularly for those projects that are economically viable through aternative
financing.

4.5.5 Hypothetical Appropriations Best Case

The appropriations best-case scenario is defined as having total process time equal to that of the
average Super ESPC case (28 months) and total survey and study costs of 4% of total ECM funding. In
this scenario, the tables indicate that direct funding would have alower life-cycle cost than using the
average ESPC by a significant margin. Clearly, if appropriations are in hand, using them to directly fund
projects will result in the lowest life-cycle cost if operating projects are achieved on a short schedule and
savings persist.

45.6 Appropriations Case Based on Large Sample of Project Data

Although the work predates our analysis, we found a 1993 report (not referenced to preserve
anonymity) that is an example of an agency examining its own historical records in an independent and
unbiased fashion and estimating total survey and study costs and total process time. The authors of the
report examined $122 million in projects at six different sites of one agency and found average values of
73 months for total processtime and 14% for total survey and study costs. The sample included three-
fourths of the agency’ s appropriations-funded projects for the FY 1985-1993 period. For these projects,
LCC comparison Table 4.1 indicates that implementing this large representative sample of projects
through an average ESPC would have resulted in alower life-cycle cost.

Asthis exampleillustrates, agencies can use the LCC comparison tables to compare the cost of using
an average ESPC to the cost of using appropriations, given their agency’ s own historical ability to
streamline their appropriations process and reduce analysis costs.
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5. CONCLUSIONS

The objective of this study was to develop and demonstrate methods to help federal energy managers
take some of the guesswork out of obtaining best value from spending on building retrofit energy
improvements. We developed a method for comparing all-inclusive prices of ECMsimplemented using
appropriated funds and through ESPCs that illustrates how agencies can use their own appropriations-
funded project experience to ensure fair ESPC pricing. The second method documented in thisreport is
for comparing life-cycle costs. This method illustrates how agencies can use their experience, and their
judgment concerning their prospects for appropriations, to decide between financing and waiting.

The motivation for this study was the lack of quantitative answers to certain questions about the
comparative costs of ESPCs and appropriations-funded energy projects: Isit better to wait for
appropriations or implement a financed ESPC project? Where is the break-even point? Are the prices
negotiated in ESPCs as favorable as those obtained through competitive sourcing? How is life-cycle cost
affected if energy and cost savings degrade over time?

5.1 COMPARISON OF ALL-INCLUSIVE PRICESFOR ECMS

The first methodology compares al-inclusive prices for ECMs that have the same technical scopes
and were funded through Super ESPCs or appropriations. The methodology employs detailed analysis of
financial and technical recordsto verify the technical scope of ECMs and deducts al costs not related to
the bare ECMs.

The scope of the study was limited, with research concentrated on three ECM s that represent about
half of Super ESPC investment and are common in appropriations-funded projects: chiller replacements,
lighting retrofits, and variable-frequency drives. The analysis considered approximately $13 million
worth of ECMsimplemented through Super ESPCs and another $13 million worth of ECMs funded
through appropriations. All of the appropriations-funded ECMs examined by the study were implemented
at two adjacent sites by one agency.

Using regression analysis techniques, the study team found no statistically significant differences
between the al-in prices for ECMs implemented through Super ESPCs and comparable ECMs funded
through appropriations. The analysis showed that the pricing obtained through Super ESPCs, which use a
design/build approach negotiated for best value, was as good as the pricing obtained for the
appropriations-funded projects in the traditional bid-to-spec competitive procurements.

The study team hopes to repeat this analysis using project data from other agenciesto test the
generality of thisresult. But, regardless of the current study’ s limited scope, for agency teams evaluating
pricing on their ESPCs, the key message isto focus due diligence on all-in prices rather than intermediate
accounting conventions such as the mark-up. If the al-in price is about the same as when using
appropriations, then the mark-up doesn’t matter.

5.2 COMPARING PROCESSESON A LIFE-CYCLE-COST BASIS

The second methodology compares the life-cycle costs of using ESPCs and appropriations to
implement a“typical project,” defined as the average project implemented under the DOE Super ESPC
program. We carefully studied the activities and costs of the two processes and used federaly specified
techniques for analyzing life-cycle costs to ensure that the method would yield valid and meaningful
results.

The“average” ESPC model was derived from program records and the financial schedules of the first
71 DOE Super ESPC delivery orders (worth $230 million), all awarded by the end of FY 2001. The
“average” appropriations model is based on the two-step process used by several large agencies for
distributing direct project funding to sites. First the site requests funds for an energy survey and feasibility
study for a proposed project. If step-one funding is received, the site completes the survey and study, and
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submits a request for implementation funding supported by the study report and a detailed cost estimate
(based on 30% completed design). The requested step-two funding, if received, is used to complete the
design and construct the project.

The results of this analysis are expressed parametrically in alife-cycle cost (LCC) comparison table
(Table4.1). The key parameters defining the life-cycle cost when using appropriations are (1) total
process time (the time elapsed before the ECMs are operating and saving energy), and (2) costs for
surveys and studies that are required in the process of requesting funding (as a percentage of design
completion and construction costs). The table alows an agency to compare the life-cycle cost of an
average ESPC project with the life-cycle cost of a project funded by appropriations, given the agency’s
assumptions or determination of the two key parameters.

Separate tables (Tables 4.3, 4.4, and 4.5) alow agencies to apply their own assumptions regarding
potential degradation of savings over time with appropriations-funded projects, since cost savings are not
typically guaranteed in these cases. If an agency assumes that some savings will be lost over time with
appropriations-funded projects, Super ESPC projects will offer lower life-cycle costsin an even greater
number of casesthan Table 4.1 below suggests, holding other assumptions about process time and survey
costs constant.

5.3 USEFULNESS OF THE STUDY

The results of the life-cycle cost analysis are expressed parametrically in life-cycle cost comparison
tablesin Chapter 4. There are several caveats associated with the use of the tables, but in general,
agencies can refer to the table entries matching their historica or forward-looking estimates of the key
parameters defining the appropriations case to obtain a customized LCC comparison between
implementing the typical project (or afleet of typical projects) with appropriations and the average ESPC.
The key parameters defining the life-cycle cost when using appropriations are total processtime (the time
elapsed before the ECM s are operating and saving energy), costs for surveys and studies required in the
process of requesting funding (as a percentage of design completion and construction costs), and
degradation of savings over time (expressed as a percentage per year).

Those who use the parametric tables should be aware of the assumptions embedded in the
comparisons. All the parameterized appropriations cases are modeled on the two-step appropriations
funding process described above and common to several large agencies. It is certainly possible that
agencies could conceive of and implement more efficient processes to allocate scarce appropriated funds.
The ESPC model, to which the appropriations cases are compared, is based on all-agency averages, such
as the 28-month timeline from kickoff meeting to government acceptance of an operating project. Thereis
no inherent feature of the Super ESPC program that prevents any agency from achieving timelines equal
to the average of al participating agencies, but even with their best efforts, some agencies may take
longer than 28 months. To adjust the analysis, agencies can request the spreadsheet used by the authors
and revise the ESPC case to match their agency-specific averages.

The comparison tables also assume parity between the ESPC and appropriations al-inclusive pricing.
Those who are uncomfortable with this assumption may want to perform an ECM-level price analysis on
asample of their own completed projects.

5.4 APPLICATIONS

Theinitial applications of the cost-analysis methods demonstrated in this report and the parameterized
results only reinforce the traditional knowledge in federal energy management: If appropriations arein
hand, using them to directly fund energy projects resultsin the lowest life-cycle cost, assuming that
operating projects are achieved on a short schedule and that their savings persist. However, in recent years
appropriations have been insufficient to directly fund all life-cycle cost-effective retrofit projects, and it
appears unlikely that Congress will place a higher priority on funding such projectsin the near future than
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it hasin the recent past. Lacking sufficient appropriations, the next best thing in terms of life-cycle cost is
to finance projects rather than wait for appropriations.

When they do use ESPCs, federa energy managers need assurance that the pricing negotiated in
those contracts is comparable to the pricing they can obtain through the competitive bid-to-spec
procurement process with appropriated funding. Our method for comparing al-inclusive prices of ECMs
implemented using appropriated funds and through ESPCs shows how agencies can use their own
appropriations-funded project experience to ensure fair ESPC pricing. For most ECMs agencies can
derive al-inclusive price benchmarks from their own past appropriations-funded projects and compare
those benchmarks to the prices offered by ESCOsin their initial and final proposals. Using this method,
agency teams who are negotiating ESPCs can learn to focus their pricing due-diligence on al-inclusive
ECM prices rather than intermediate accounting conventions such as mark-ups, which are included in the
al-inclusive prices.

The life-cycle cost-comparison methods described in this report can be used by federal energy
managers to consider the relative merits of waiting for appropriations or using an ESPC. Using estimates
of afacility’s historical averages for the key parameters, energy managers can refer to the parametric
tables and see how the life-cycle costs of the aternatives compare. Using their own experience and
judgment concerning their prospects for appropriations, they can decide whether financing or waiting or
some combination of both isthe best business decision.

To make the most progress toward al their godls, it isimportant for agenciesto use their limited in-
hand appropriations and other tools—such as alternative financing vehicles—wisely. Rather than using
scarce appropriations to fund projects that can easily pay for themselves, they should be used to make
progress toward renewables goals or to directly fund marginally economic infrastructure projects. The
cost-comparison methods described in this report offer federal decision makers the toolsto learn from
their past projects and move forward with confidence that they are making optimum progress and
obtaining best value for the government.
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Appendix: DEFINITION OF PARAMETERSUSED IN LIFE-CYCLE COST
ANALYSISOF AVERAGE SUPER ESPC PROJECT

Averagetimeto delivery order award. Simple average of the delay in months between the kickoff
meeting and delivery order award. Average time to delivery order award is defined as the sum of the
kickoff—delivery order award delays for al projects, divided by the total number of projects (71).

Average design/construction period. Simple average of the time in months required for design
completion and construction, once a delivery order is signed. Average design/construction period is
defined as the sum of the design/construction periods for all projects, divided by the total number of
projects.

Average implementation price. Simple average of the implementation prices of al projects.
Average total implementation price is defined as the sum of the implementation prices for each
project, divided by 71. Note that implementation price includes al direct project implementation
expenses (surveys, feasibility studies, design, construction, commissioning) plus mark-up to recover
indirect costs (overheads, sales effort, surveys/studies for projects never awarded, etc.) and profit.

Average financed amount. Simple average of the total financed amount of al projects. Average tota
financed amount is defined as the sum of the total financed amounts for each project, divided by the
total number of projects.

Average pre-performance-period payment. Simple average of the pre-performance-period
payments from all projects. Average pre-performance-period payment is defined as the sum of such
payments for all projects (some of which may be zero), divided by the total number of projects.

Average financing procurement price. Simple average of the financing procurement prices of all
projects. Average financing procurement price is defined as the sum of the financing procurement
prices for each project divided by the total number of projects.

Average project total annual interest rate. Average (weighted by financed amount) of the total

annual interest rates of al projects. Let F; and r; be the total financed amount and project total annual
interest rate, respectively, for thei™ project. The average project total annual interest rateis:
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Average ddivery order term. Average (weighted by financed amount) of the delivery order terms of
al projects. Let F; and t; be the total financed amount and delivery order term (preferably in months,
but years are acceptable) for thei™ project. The average delivery order termis:

p:
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9. Averagefirst-year guaranteed cost savings. Let n be the number of projects with delivery order
terms greater than 5 years, and let s 5 be the guaranteed annual cost savingsin year 5 for project i.
Then the average annual cost savings for these n projectsin year 5is:

o1
ss—n;s,g,

We calcul ate the average first-year guaranteed cost savings S, by discounting S;to year 1 asfollows:

where T is the average escalation rate for guaranteed annual cost savings, defined in Paragraph 10.

10. Average escalation rate for guaranteed annual cost savings. Let n be the number of projects with
delivery order terms greater than or equal to 10 years. Then considering only these n projects, let 55
be the guaranteed annual cost savingsin year 5 for project i and s ;o be the guaranteed annual cost
savingsin year 10 for project i. The average esca ation rate for guaranteed annual cost savingsis:
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11. Averagefirst-year M&V price. Let n be the number of projects with delivery order terms greater
than 5 years, and let m s be the M&V pricein year 5 for project i. Then the average M&V price for
these n projectsin year 5is:

We calcul ate the average first-year guaranteed cost savings m, by discounting m; to year 1 as
follows:

= _ M
@,y

where T isthe average escalation rate for annual M&V price, as defined in Paragraph 12.

12. Average escalation ratefor annual M&V price. Let n be the number of projects with delivery order
terms greater than or equal to 10. Then considering only these n projects, let m s be the annual M&V
pricein year 5 for project i and m; ;o be the annual M&V price in year 10 for project i. The average
escalation rate for annual M&V priceis:
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14.

15.

16.
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Averagefirst-year performance-period-servicesprice, excluding M& V. Let n be the number of
projects with delivery order terms greater than 5 years, and let p; s be the performance-period-services
price excluding M&V in year 5 for project i. Then the average performance-period-services price
excluding M&V for these n projectsin year 5is:

55:
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n
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We calcul ate the average first-year guaranteed cost savings p, by discounting P to year 1 as follows:

no P

where T isthe average escalation rate for performance-period-services price excluding M&V, as
defined in Paragraph 14.

Average escalation rate for annual performance-period-servicesprice, excludingM&V. Let n be
the number of projects with delivery order terms greater than or equal to 10 years. Then considering
only these n projects, let p; s be the annual M&V pricein year 5 for project i and p; 10 be the annual
M&YV pricein year 10 for project i. The average escalation rate for annual performance-period
expenses, excluding M&V is:
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Average per centage of guaranteed savings paid to contractor. Thisisthe sum of al contractor
payments, divided by the sum of all guaranteed savings, for al 71 projects.

Average escalation rate for annual contractor payment. Let n be the number of projects with
delivery order terms greater than or equal to 10 years. Then considering only these n projects, let ¢ s
be the annual contractor payment in year 5 for project i and ¢ ;o be the annual contractor payment in
year 10 for project i. The average escalation rate for guaranteed annual cost savingsis:
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