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ABSTRACT

Case studies of two large organizations explore andwhy suchorganizations choose to invest
(or not) in energy-efficient buildingretrofits. The cases provideevidence for inconsistent
application of budgetingrocedurespredominance of payback period as a decision-matking
existence of split incentives and moderate transactistsfacing certain energy-efficiency project
proposals. Edencealso suggestthe unrecognized importance of effective communication to
management of thieesults of energy-efficiency programs gpatticular incentiveproblemsfaced

by firms with on-site power generation.
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I. INTRODUCTION

Americanbusinesses spend $3billion on energyeach ear! While the majority of thenation’s
energy use is irthe industrial and transportati@ectors,the commercialsector accounted for
sixteen percent of total US primary use in 1996nergy use in this sector éxpected to increase

as the economy continues to shift from heavy industry to service and information-based business.

The financial and environmentabstsassociated with energyse in commercialbuildings are
significant. Providing energy to them in 1996 cost $8ikon and contributecaround 230 million
metric tons of carbon tdhe atmosphere - sixteen percent of the Uniates’ annual total.
Commercial budings are heavyusers ofelectricity, with its associated conversitwsses and
pollution. The Department oEnergy reportshat thenation’s offices and workplacescount for
more than a quarter of pealectricaldemand, a figurexceeding the capacity @il existing US
nuclear power plants.

Some analysts (mostly engineelbglieve efficiency improvements idmericanbuildings using
currently availabldechnology could reduce energy consumption significa@the survey of this
literature gavesavings figures irthe range of 13 to 45 perce(omor and Moyad,1992).
Efficiency proponents insist business is missogportunities forimprovements thatvould be
profitable at current energy prices (even as they point out current prices do not reflect the true social
cost of energy). This conclusion is basedspecific examples of efficiency technologies that
deliver the sameservices andare cost-effective, butare not adopted in thearketplace(e.g.,
Koomey et al. 1996). Alternately, they argue that energy costs are suettl &artion of thetotal

cost of doing business that most firms can safely neglect or ignore them.

Other analysts (mostly economists) respond by saying anytHatdoes notake advantage of all
profitable investment opportunitiesould not prosper in a cqetitive economy.Businesses,
particularly large ones, have accountants and other professionals devoted tothedbasg use of
the firm’s financial resources. Thusny energy-efficiency measurkeft undone must haveosts

hidden from or uncounted bgxternalobservers (such amcertainty and inertiayvhich render

them unprofitable (e.g., Jaffe and Stavins, 1994).

Both of these campare prone to nake sweepingstatements abottow andwhy firms choose to

invest (or not) inenergy-efficient building improvement3he debateover the size, causes,
significance, and appropriate poliagsponses tdhe so-called “efficiency gap” or “energy
paradox” (the difference between expected aloservedevels of energy efficiency) ikvely, but

light on detailed inquiry into the particular decision making processes of &otsl This paper is

an attempt to add to the real-world foundation of economic, organizational, and behavioral theories
proposed to explain the efficiency gap in existing buildings ifieat construction). For detailed

review of relevant literature, see the Appendix at the erttli®freport.The next sectiopresents
methodology and summaries wio detailed casstudies.Analysis of the casstudy findings is
presented in Section I, followed by conclusions and policy implications.

1U.S. Census Bureau, 1994.

2 Energy Information Administration, 1997.
3 Energy Information Administration, 1997.
4 Energy Information Administration, 1992.



II. THE CASES

A. Methodology

The purpose of this researcivas to explore thereasons for andhe processes by which
organizationsallocate funds toimprove the energy efficiency of their existitgildings. Yin
(1989)recommends the caséudy asthe preferred research methfid situations in which the

form of the researclguestion is "how?" ofwhy?", the researchetioes nothave control over
behavioral events, and the focus is on contemporary events. Therefore, the author chose to conduct
explanatory case studies of two California organizations.

One of theorganizations is a non-profit organization, assigtiesl fictiious name"Cypress
University". The other is a for-profit business, assigned the pseudonym '@arda&€omputers”.

Over the course of two months in early 1997 the author conducted semi-structured interviews with
seven employees (five at Cypress University and two at Santa Clanu@uos),including energy
andfacilities engineers; maintenance, finan@atd energy managerfhe casestudy summaries
presented below were constructed from hand-writigties, audio-tapesiocuments provided by

the organizations, and follow-upelephoneconversations. Summaries tfese interviews are
presented below. Full case study reports are available from the author.

B. Santa Clara Computers

Santa Clara Coputers employ$,500 people at its headquarters site in California &8¢000
world-wide. In the last five years they have reportedaarage of nine billion dollars per year in
net sales and 107 million dollars per year in net income. The headqteciérss for Santa Clara
Computersare located in a mild climateone and are comprised of Bhildings of 2.6 million
square feet, containing offices, a few laboratories, and a warel®arga. Clarawns about one-
third of the buildingsjncluding the largest (800,000 squaréoot office building) and leases the
remainder. Manufacturing facilities are located elsewhere and not considered in this case study.

Santa Clara Coputers headquarterspendsabout six million dollars per yearfor energy
purchased from the local utility company. Eighty-three percent (around five million dgjtses)to
purchase electricity and 17 percent (around one million dollars) for ngasalrhese expenditures
represent approximatebix percent of annual operatirgxpensesfalling somewherdoelow lease
payments and propertyxes.Employees interviewedbr this study do not consider energy an
important cost of doingpusiness abanta Clara headquarters althoughefiresents a significant
portion (about nine percent) of the Facilities Department budget.

Santa Clara Computers uses approximately 50 million kwh of electricity and two rthiions of
naturalgas annually. This consumption convertssii@ energyuse of about 140,000 Btu per
square foot, which isnuch higher than the national averaige commercial buildings with
electricity as the major fuesource (Energy Information Administratiod993). Santa Clara
Computers'higher energy intensity may be due to the imprecision offithees provided for
annual expenses and square footage, but might also reflect differences hieersstnofouildings
used by the company and the set of buildings in the nation as a whole.

According to the Facilities Enginearho is incharge of energy management, thain drivers of
energy-efficiency investment are maintenanost savings an@nprovements in lighting quality
that can be obtainethrough buildingretrofits. The amount of moneyavailable for energy-
efficiency projects in a given year is linked to the overall financial performance dirrtheThe
next fiscalyear'ssales projectionareused topredict growth andassociated space needs at the
Vice President of Planning levellThe Facilities Business Mnageruses thisinformation in



conjunction with budgeproposals fronmid-level managers to develop an annbasiness plan.
This plan, containing requests for both capital and operhtidgets thengoesback up the chain
of command for consolidation and approval. Building energy-efficiency projecjgstrenesmall
item in the facilities business plan. They generally fall imio categories: thosthat aredone as a
part of a larger package of improvements befonewaly leased building isccupied, and “stand-
alone” projects in occupied buildings.

The first type of project is managed by people frothe firm's Design, Development, and
ConstructionGroup. The work to be done ispecified by a project mechanical engineer or
consultant. Ireithercase,the stated priority is taneet theneeds ofthe employeesvho will be
working atthe new or newlyacquired buildings ahe lowestinitial cost. The FacilitiesBusiness
Manager does “net present value” and other cash flow analyses for renovation projects, but there is
no set investment decision rufer the energycomponent. Ratherthe extent of efficiency
improvements dependgon the condition of existing equipment and moraailablefrom the
landlord as negotiated in the leaagreement.The lease agreement is not arranged by the
constructiongroup, but by thereal estatgroup. The FacilitiesBusiness Mnager statethat, in
generalthe company will include energy improvemettst will pay for themselves before the
lease expires.

The second type oproject is seen as \@ay to addresgnergy-efficiency opportunities missed
during pre-lease renovation and instaw technology in oldebuildings. Almost all of theideas

for these projects originate witihe Facilities Engineer in theourse of hisdaily work in the
buildings. When the Facilities Engineer has an idea for a project, he monitors power usage of that
building or electrical panel, does a rougfixture count, looks atutility bills, and uses tber
estimates to calculate tlwdsts andsavings.The Engineer theprepares a projegiroposal for
submission to his bos@he MaintenanceManager),typically consisting of a covetetter and
spreadsheets of cost and savings estimates Maintenance Manager thdiscusses it with the
Facilities Business Manager to see if money is available for the project.

Table 1 is a typical example of the Facilitiesgiheer’'sfinancial analysesclosely following an
example provided by this engineer. It has three columns of data listing costs and savings associated
with the existing lighting system, the first year (installation and operation) gfrtposed system,

and additional years (operation only) of the proposed systethe Aiottom areéows showing the

“return on investment” as a percentage and the “investment recapture period” in years. Note there is
a row torecord annual coolingavingsassociated wittthe project, but only zeroeare entered
because “it’s just too hard to estimate.”



Santa Clara Computers Typical Energy Efficiency Project Analysis

TABLE 1

Date
L ocation Building 1

INPUT DATA

Fixture quantity
Lamps per fixture
Lamp type

Lamp watts

Lamp cost

Lamp life

Hourly labor rate
Minutes/lamp change
Lamp change cost
Kilowatt hour rate
Months of cooling
Daily burn time
Days per year

Energy
Lamps
Labor
Cooling

Total Cost

IANNUAL SAVINGS

Total lighting energy saved
Energy

Lamps

Labor

Cooling

T otal Savings

Fixture cost
T ax
Less utility incentive rebate

T otal cost of project
Total rebate amount

T otal net cost of project

Fixture type recessed incandescent

IANNUAL COST COMPAR ISON

LIGHTING CONVERSION COST:

[TOTAL NET COST PER FIXTURE

1st YEAR RETURN ON INVESTMENT
INVESTMENT RECAPTURE PERIOD

EXISTING PROPOSED  SUSTAINED
(first cycle)
150 150 15(
1 1 1
120R40 PLQ15 PLQ1p
100 15 15
$3 $18 $18
2500 10000 1000p
$40 $40 $40
10 10 1
$6 $6 $6
$0.10 $0.10 $0.10
0 0 0
24 24 24
365 365 364
$13,140 $1,971 $1,971
$1,577 $2,365 $2,364
$3,154 $788 $784
$0 $0 $0
$17,870 $5,125 $5,129
111,690
$11,169 $11,169
($788) $0
$2,365 $2,365
$0 $0
$12,746 $13,534
$20
$2
($5)
$17
$3,225
$750
$2,475
(first cycle) 515%
2.33

Note: The costs and savings figures on this sheet are representative, not actual.




“Stand-alone” projects are evaluated individually according to a simple payback criteria. The two
people interviewed for this case had different ideas about how this criteria is aphée@acilities
Engineer believes no project with a payback period longer than three years aplbiozed, so he
doesn’'t submitany. Heestimates one out of five dfis project ideas are pre-rejectéor this
reason. The Business Manager tba othethand, says he woulcbnsider projects with a longer
payback period if the lease arrangement orstineer dollar amount afavings made itsensible.
They both agre¢he three-year payback rule is largélggised onthe fact thatbuilding leases are
typically between three and fiyeears in lengthThey alsobelieve thefirm’s opportunity cost of
capital issuchthat they canafford totie up moneyfor long periods ofine in energy projects.
However, other sorts of investments in building improvemargsnot subject to a hurdtate but
are depreciatedver the life of thebuilding orlease. If, forexample, a buildindhasthree years
remaining on itdeasethey maybuy newcarpeting and writeff the expense foithe next three
years. No formal payback or other economic analysis is required.

If the Facilities Engineegetsthe go-aheadrom management he thepreparescapital project
paperwork containing a more detailecdbreakdown of costs,including such items as
weekend/evening security and permits, but not the timgpbadsmanaging theroject. There are

no additional administrative costs because he does not have clerical support staff. The Engineer has
also occasionally included tlo®st of monitoring instrument®.g.: Ightloggers) inthe cost of a

project. If aproject will costlessthan$5,000 orthe equipment will have ahort life, nocapital
projectpaperwork is required. Thsometimes enables the Engineer to do small projects quickly
and easily.

Santa Clara Computers has taken advantagsility demand-side management (DSptpgrams.
The Facilities Engineehas a good,long-standing relationship withtheir utility account
representative and estimates in the last frears SanteClara Conputers hasreceived about
$100,000 in rebatesome of whichenabled lighting projects eneak ovethe hurdlerate. The
companyhasdeclined otheforms of utility assistance such dmancing and energy audits and
employees stated clearly that they often do projects without associated rebates.

Tracking the performance of energy-efficiency retrofit projects is not a priority at Séara
Computers. Wile the Business Mnager actuallypays the utility bills eachmonth, it is the
Facilities Engineer’s responsibility to track building enecgpsumption. He hasied to measure
the impact ofhis projects with simplegraphs ofmonthly utility usein the past, but found the
feedback he obtained wasn't worth the effort. Howevergbtentlypurchasedutility management
software which he hopes will make tracking much easier and allow hnormaalizefor changing
weather from year tgear. Managemenhasnever requested an in-depth evaluation of any of the
projects or the energy management effort as a whole.

C. Cypress University

Cypress University is a non-profit academic institution locatedmilch California climatezone. It
has anannual budget of abo®l.4 billion with total assets in 1996 dodpproximately $7 billion;
total liabilitieswere $1 billion.The universityemploys approximatel,000 people, owns some
600 buildings (8nillion squarefeet) and leases an additional l23ldings (117,000 square feet).
The buildings containlaboratories, classroomstudenthousing, athletic facilities, offices, a
hospital, libraries, and many other functions. Plant facilities net of deprect@arorth about $1
billion.

Cypress University spenddout$33 million each yeafor electricity, steam, andhilled water.
Utility expenses are only about tvpercent of theuniversity's totabnnualbudget,but are one of
the largest single line items (aftealaries, benefits, andformation management sgems).Some
employees felt thathis madeenergy a significanissue forthe Unversity’s financial officers,



while others felt that the attitude toward energy expenses could be expressed as: “it is what it is and
there’s little we can do about it.”

The institution obtains all of its steam and almedkof its electricity from an on-site cogeneration
plantowned andoperated by a profit-makinfirm. Chilled water also is generated on site at a
facility owned by Cypress but operated thg independentower produce(IPP). The university
currently uses around 153 million kWh of electricity, 724 millpunds of steam, and 36 million
ton-hours of chilled water annually. This converts to site energy use of approxima@gpd @Btu
per squardoot, which iswell belowthe national averag®r commercialbuildings with district
heating and cooling (Energy Information Administratid93). CypressUniversity cannot
participate in local utility demand-side management programs because they buy from the IPP.

The Utilities Department is the university's energy “middle-man”. It purchases energy utilities from
the IPP and then bills other departmentstiiem at ahigher ratecalled the “re-chargeate”. This
re-charge rate reflects the Utiliti@®epartment's labotosts,capital costs,debtservice, and ther
expenses. A few ahe departments are distinct finanaiadits that receive monthly utilitybills,

much like a typical utilitycustomer. Fothe biggest departmenhowever,the bills go directly to

the Chief Academic Officer(CAO). Thus, this large department (comprised of most of the
academicunits) neversees aill for its energy consumption and onllge CAQO’s office pays
attention tohow much it costs to provide energy services to thdrhe Utilities Department is
delegated responsibility for consumption forecasting, budget recommendations, and tracking usage
on a building-by-building basis.

Building energy-efficiency retrofits happen@ypress Universityargely because the utilitiegaff

believes they are theroper or right thing todo. Opportunities to do retrofits arise from
regulations, newaculty and researcprograms,and a desire foaesthetic impyvements.Other

drivers include maintenance cost reduction and the need to keep Cypress University’s consumption
within the range stipulated by their contract with the IPP.

The Energy RetrofiProgram (ERP) ighe brainchild of a former Utilities Bhagerwho was
frustrated with the slowness and inflexibility of usithg university'scapitalbudgeting process to

fund building energy-efficiency retrofits. He obtained approval from the Facilities Direatoedte

an account that would be allocated money annually and then drawn from throughout the year to pay
for energy retrofits.

Thefirst year of its existence (fiscal yed®93)the ERP accountwas allocated $1million. This

amount was selected because it would fund a manageable number of projects. Most significantly, it
was an expensiat could be coveredithout an“unacceptable” impact on the-chargerates.

What isconsidered'acceptable’has changed from year to year dependingon who holds the
positions of Rcilities Directorand CAO. In 1997 for exampléhe ERP accountwas budgeted

only $500,000 because the Facilities Director wanted to hold the re-charge rates at last year's level.
Once thesize of the pot of monegvailablehasbeen decided at highézvels, the ERP manager
decides how to distribute it to various projects. Responsibility for BRRagement currenthests

with the Energy Engineer.

Project managers, usually maintenance staff, must submit project propdbalERP manager to
obtain funding. There are two opportunities during the year to do this. The propesalpposed
to contain estimates of the project cost and energy savings. The Energy Enginassisigloject
managers with these estimates when asked.

Table 2 is an example of energy savings calculations providin ERP guidelines. Itontains a
room-by-room description ahe existing angroposedlighting systems andestimated annual
energysavings. For garticular building(#156), energy savingare calculatedor both demand

(kW) and consumption (kWh). Note that there are no financial calculations.



Table 2. Cypress University Sample Energy-Savings Calculations, Building #156

Existing System

Proposed System

Annual Energy Savings

Room #| Light Fixture Fixture Watts/ kW Annual Hrs| Light Fixture Fixture Watts/ kW  Annual Hrs kw kwh
Source Number Type Fixture of Operation Source Number Type  Fixture of Operation
15,16,17 fl 24 41L.2x4 72 1.728 2080 fl 24 2x4 60 1.44 2080 0.29 599
lobby inc 20 recessed 100 2 2080 fl 20 recessed 15 0.3 2080 1.7 3536
can can
18 fl 8 4L.2x4 72 0.576 4800 fl 8 4L.2x4 60 0.48 4800 0.1 461
19 fl 8 4L.2x4 72 0.576 2080 fl 3L2x4 50 0.4 2080 0.18 366
20 fl 8 4L.2x4 72 0.576 3600 fl 8 4L.2x4 60 0.48 2080 0.1 1075
Total 2.36 6037

Note: The savings figures on this sheet are representative, not actual.
Abbreviations: fl = fluorescent, inc = incandescent, 4L2x4 = four-lamp, two-foot by four-foot fixture




After the Engineer receiveall of the proposals, he reviewte estimates and thamanks the
projects according to simple paybapkriod. (The authorwas unable to obtain a copy of a
spreadsheet showing hahe payback calculatioand ranking isdone.) The ERPwill only fund
projects with a payback period of five yearde@ss. This hurdlewas selected becausenbughly
matches lamp life expectaneyd it approximates a 20 perceate ofreturn on investment. This

rate ofreturn is considered “comfortable” because it is about double what could be earned in a
typical financial market. Having a hurdle alsoitsnthe number ofunding requests submitted for
consideration.

In general, projects with the quickest payback period are funded first, but additional rizeryoloe
taken intoaccount. For example, @oject is more likely to obtaifunding if it will also allow
substantial reduction in maintenarmests orcan be performed concurrentiyith other building
projects. Projectbave also beepartially funded bythe ERP. Forexample,the ERP hasbeen
used to covethe incrementatost of moreefficient equipment.The Energy Enginealso tries to
maintainrough fundingparity between the financially independent departments andctmemic
departments.

According to the ERP guidelines, projects are not approved if they include “unproved technologies
or will adversely affect building occupants”. ERP money is alsesupposed to be used for new
construction or for “thingshatwere going to be done anyway”. Newilding construction and

major renovations are handled by the Facilities Project Management groujitievifbut growing)

input from the maintenance, operations, and utilities groups.

Energy staff has devoted modest time and effort to measuring the results of their effopote
building energy efficiencyThe Energy Engineer feels while it wgorthwhile to measurgroject
performancelimited staff resources ake itnecessary to devote moshé to new projects. The
Utilities Departmendoestrack overall campus energy consumptfon planning and forecasting
purposes. They have foutidat while steanand chilled wateruse has é&en steadilygrowing at a
rate of three to five percent pgear,the rate ofgrowth in electricity consumption slowed in 1994
and usage haactually declined ir1995 andearly 1996. This trend is a marked change from the
prior four years of rapid growth in electricity use artiities staff partlyattribute it to thesuccess
of the Energy Retrofit Program.

III. CASE STUDY ANALYSIS

The purpose ofthe casestudy researclvas to discover ithe detailed evidence gathered in these
two organizations tended to support or refute theories preserttesl literaturé or would generate
some newtheories to better explaihow and why organizations perform energy-efficiency
improvements inbuildings. Thisanalytical method isupported byYin (1984), who writes,
“...case studies]ike experiments,are generalizable to theoreticptopositions and not to
populations or universes” (p. 21).

A. Evidence Regarding Theories Suggested by the Literature

(1) Energy efficiency projects have a different capital budgeting request procedure and face a
higher “hurdle rate” than capital improvement projects of comparable risk.

At both organizations, energy-efficiency retrofit projeats notonly on an uneven playinfield
with other capital improvement projects, they are not even csathefield.

> See Appendix.



At Cypress Universitybuilding energy retrofits arteated as aexpense. Thigneans that the
Energy Retrofit ProgranlERP) must copetewith itemssuch as salaries amdfice supplies for
annualfunding. Asmentioned in th&€ypresscaseabove,energy projectaisedto be treated as
capital projects, butheydidn't fit very well in a year-long process designed to fiew, large
projectssuch assteam lineextensionsUtilities staff found itdifficult to specify several dozen
lighting projects a year in advance and go to the Board of Trustees for funding approval.

On the other hand, capital projects are not subjected to strict financial ‘refigsvthe ERP must

prove its worth each year. This seems to be largely a matter of convincing managers that improving
energy efficiency is "the right thing to" but also hased the ERP manager to try to keep the
payback period for the program as a whole underyfears.The focus onpayback periodor the
program and for individual projects creates an illugf@t energy retrofits are considerédancial
investments, when they clearly are not (as noted above, they are funded out of an lexpgeige

The financial managers who decide how much of the University's money to invest invetimtks
treasury billsare located in an entirely differentanch of the organization and energy efficiency
never reaches them as an investaggortunity, only as an expense grouped uniéecilities
Overhead".

At Santa Clara Computers, "stand-alone" energy retrofit progeettreated as capitptojects but

must go through a stricter funding procedure than other building improvements. Items such as new
carpeting or office furniture are subject to an informal cost-benefit analysis and their purchase cost
depreciatedver the life of the lease douilding. In contrastpuilding energy-efficiency projects

must show that they will pay for themselves within three years. Again, this emphadisamcial
measure (payback periodpes not mearhat energy efficiency competes with othénancial
investments in Santa Clara Computers' portfolitilg\the nurbber and size of projects approved

in a year is more closely tied to the financial performance of the firmndmia than aCypress
University, energy efficiency remains within theealm of facilities andnot the institution’s
financial planners.

(2) While discounted cash flow evaluations are performed for most building energy-efficiency
projects, managers rely on simple measures such as payback period to make their decisions.

Thefirst half of thistheory, "discounted cash floevaluations are performddr most building
energy-efficiency projects" is not supported byidence at eitheorganization. Wile both
organizations calculate something tleayl “internal rate ofreturn” (IRR) neither of thenperform

the operatiorcorrectly. IRR is supposed to Iblee discountrate atwhich the netpresentvalue

(NPV) of a projectwould be zeroput Cypress University'€nergy Retrofit Progranevaluation

report equates “internahte of return” to the average anngalingsdivided by average annual

costs forthe program.The sample projeatost analysis fo6anta Clara Coputers (seelable 1
above)shows "firstyear rate ofeturn on investment" as thest year's savingglivided by the

project cost and calculates the "investment recapture period" as the same figure divided into twelve
to obtain payback period in months.

In contrastthe second half of thisheory, "managereely on simple measuresich aspayback
period to make their decisions" is strongly supporte@\gience aboth ofthe organizations. At
Santa Clara Computers and Cypress University, the only financial méasureatterdor regular
building energy retrofits is payback periddowever,their reasons forelying upon thismeasure
are quite different.

Annual lists of utility system capital project proposals are generated by the utility system managers. The
financial analysts and senior management tend to defer to the system managers’ professional opinions about what
projects need to be done and how much they will cost or save the university in the long run.



At Santa Clara Computers, the payback period metric is used to insure that any money they put into
a building will be recovered before the lease isfaprenewal. Even though leaseare often
renewed andhe companywns many buildings, facilities staff believe their three-year payback

rule protectshemfrom doing anything someone elseght benefitfrom. The uncertain, rapidly
changing business climate they face seems to encourage the firm ito, "ggate some money, get

out.”

At Cypress University, energy managers believe the five-year payback hurdle is consistent with the
expected life ofmost of their projects (lighting) andse the payback period as a guide for
determining which projects to dast. More important, they strive to kedpe payback period of

the entire Energy Retrofit Program under five years so they can shoartheyakinggood use of

the fundsthey have been allocatedpt to demonstrate thanergy projects are performirigetter

than other investments the university might make.

Most economists agree that the paybamkthod, though popular, hasveraldrawbacks. First, it
disregards cash flowthat occur after the projedtas paid for itself. This can causeunder-
investment in projects whose benefits acdatier orgrow over time (acharacteristic of efficiency
projects if energy prices are expected to rise irfuh&e). Secondthe standard payback period
calculation ignores the time value of money, i.e.: tlalsulation treats a dollaaved today as if it
were worththe same as a dollaaved in fiveyears. Wile adiscounted payback method sts,
neither of the organizations in the study use it. This practice of asnge payback as a decision
rule for all types of investment decisionsay or may not be damaging to the organization as a
whole. Statman and Sepe (1984) conducted an empirical test of 95 firms and.fdbede"is no
supportherefor the claim that theise ofpayback[for investment decisions igeneral, not those
related to energy-efficiency improvements in particu@impromisesthe goal of stockholder
wealth maximization” (p. 64).

(3) Decisions about building energy efficiency are systematically affected because the groups who
receive the benefits of energy cost reduction are financially separated from those who bear the
cost of the investment.

This theory is supported bgvidence atCypress University only.Most of the academic
departments are not directly responsible for their energy expenses. Rather, a certain pthetion of
combined budgets is set asidach year in an accoufr paying utility bills. The Utilities
Departmenimanages this account on behalftled ChiefAcademic G¥icer, but is not allowed to
keep any money left over at the end of the year. Therefore, the department mzeitis® than it
otherwise nght to incurcosts toreduce energyonsumption. Onthe otherend, individual
academicdepartments havéttle incentive toreduce energy consumption because theyn'w
necessarily receive left-over money in tolowing year's budgeteither. Academicdepartments
with low energy use end up subsidizing large energy Users.

At Santa Clara Coputers, responsibility foenergy bills and energy retrofits lies in the same
departmentThe FacilitiesBusiness Mnagempaysthe monthly bills andipproves energyetrofit
project expenses so we see no split incentives here.

It is as if the annual utility bill for an entire apartment building were split evenly between the units regardless
of size, number of occupants, etc.
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(4) More management attention is spent on projects that cost a lot (either relatively or absolutely).
Therefore, smaller projects are ignored. This can have two results: a) Small projects remain
unfunded because they have relatively high transaction and management attention costs. OR b)
Small projects obtain funding easily because procedures are set up so as to require little
managerial attention.

This theory seems to play itself out in several differeays ateachorganization. At Sant€lara
Computers, small projects (less than $5,000 or witfe dessthan five yearsgan obtainfunding
more easily because they side-gbaperwork and approvgdrocesses. Ithe Facilities Engineer
wants to spend his budget on gmaut fluorescentamps, for example, hean do so without
submitting a justification or capital plan.

At Cypress University, small projects appear to be at a disadvamtéegsthey are pilot projects

to testnew technology.The hassle of submitting and managing projeats such that larger

projects nake moresense. Foexample, this yeathe university groupedighting upgrades in

fifteen small budings together as one energy retrofit projecathieve economies of scale on
paperwork, bidding, etc. There idimit to the size advantagdiowever.The Energy Engineer is
reluctant to spend the entire ERP budget on one or two large projects when he could fund a number
of smaller ones in a year. Also, since all projects mustobgpleted by the end @ach fiscal year

there is a limit to their size given availalsi&aff. How many projects have been foregdoe these

reasons is unknownbut is likely to be a small number since the Enginggoke of these
constraints only in hypothetical terms.

(5) Organizations are more likely to invest in familiar technology or delay investment because
facilities managers are risk averse and often rewarded for “playing it safe”.

This theory has some supportiagidence at théwo organizations. At Cypress University, the
facilities staff tries to be "invisible": ihobody pays attentiothey figurethey're doingheir jobs

right. Thisattitude leads them to adapew technologyslowly and cautiously. Athe samdime,

certain building occupants demand that the Facilgresip “do somethingabout energy waste at

the university. Since Utilities Department employees sympathize witldénmand, it hated them

to test a number of new technologies, and even support an entire building lighting retrofit as a class
project. Cypress is alsconfident enough imew lighting technology to join the EPA'&reen

Lights program.

At Santa Clara Computers, the decision to delay joidngen Lightsmay be more a reflection of
the shakyfinancial position ofthe company than lack of confidencenaw lighting technology.
Santa Clara Facilities employees repgbdt they have beetwilling and eager' to adopt new
energy-efficiency technologies. While this willingness to test out the latgdsticaladvances may
be unusual for a large company, in Santa Clara’s case it is consistent with a caydtarsehat
values innovation, "technology” in general, and has consistently suppogeavements to the
working environment.

(6) Managerial compensation is often tied to recent performance. Facilities compensation and
prestige is low in general. Therefore, facilities managers have particular incentives to select
quick payback projects with low risk.

This theory seems to be supporteddvidence asome levels of both organizations, but not at
others. AtSanta Clara Coputers,the FacilitiesBusiness Mnagerencourages or discourages
project submission according to them's recent financiaperformanceThe Facilities Engineer is
sensitive to thesé&rends,but doesn'tbelieve his compensation is tied to financial performance
measures. He might get a larger raise if he can show that he is saving the company a larger amount
of money, but other responsibilities of his job weigh more heavily in his performance evaluations.
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The Energy Engineer at Cypress University faces a similar situation in tranmgensation is not
directly tied to the financial performance of the Energy RetRifitgram. He doekave an interest
in seeing theprogram survive, sotries to distribute thefunds in anequitable (between
departments)logical fashion. Forlighting retrofits, the Engineer believabis means funding the
projects with the shortest payback periodfrst, but suggested henight use a different
methodologywhen they start doing moréieating, ventilation, and air-conditioningdVAC)
retrofits. In any case, the Engineer wants to have a defensible dgsteatecting and prioritizing
projects so he can continue to do work he finds (emotionally) rewarding and worthwhile.

The Facilities Director (threlayers ofmanagement above the Enginesgems more sensitive to

the financial impact of thERP andhow his division'sperformance will be evaluate@necould

interpret the 50 percent budget cut to ERP in 1997 as an easy way to reduce overhead expenses and
help keep the re-charge rates at Yasdr's levels. Isenior managergalue reduced overhead and
constant rates over energy cost avoidance, the Facilities Director will be rewarded for his actions.

Facilities Departmenprestige is self-reported dew at both organizationdHowever, general

funding for facilities hasbeen moregenerous at Sant&lara Conputers, perhap®ecause the
Facilities group has a good reputation and the company is strorgly motivated toensurepeak

employee performance. The Facilities DivisiorCgpress also has fght the (perhaps owlated)

perception that money allocated to it is wasted on poor maintenance work.

(7) Utility demand-side management (DSM) programs reduce the initial expense of building
energy-efficiency projects, thus enabling projects to receive approval under typical decision
rules. Organizations who take advantage of utility DSM programs are therefore able to do more
projects than they otherwise would.

The best direct evidence soipport this theory is found 8anta Clara Coputers since theliave
taken good advantage of utility reb@egrams.The Facilities Engineereportsthat utility rebates
have allowed some of his projects to clear the three-year-payback-periodrhtedigatotherwise
would not. Of course, we don't know if these projects would have been approvey lifad been
submitted with a slightly longer payback period (sinogauld have been at the discretion of the
Business Manager), but the fact that the rebates enabled the Engimsstwdnat he perceived as
a hard-and-fast standard had the result of enabling more projects to happen.

The situation aCypress University is less cleaince only afew buildingsare eligiblefor the
regional utility's DSM programs. However, if you think dhe Energy RetrofitPtrogram as a
Utilities DepartmenDSM program andhe maintenancgroup as darge customer,the evidence
clearly supports this theoryThe Academic Maintenance Managtated thatERP funding has
enabled them to do accelerated or additional work thatdtieyrwise would not be able &ford.
The fact that energy savings accrue along #idnew lights or motors is somewhatidental to
the maintenance group, but is valuable to the Utilities Department.

B. Additional Theories Suggested by the Cases

(1) One reason energy-efficiency programs have trouble maintaining support is that it is difficult to
measure and communicate their results to management.

Evidence gathered at both organizations suggests this theory. At Cypress University,(stident
cheap) labor has been enlisted to try to measure the energy savings of the EnergyRegjrafin.
The studentshave usedseveral different graphical methods to contiey success ofailure of
projects done in the name of enegfficiency. Unfortunately, some of these methetledmore
light on how much they don’t understand about whagimibegoing on than whasavingsthey
can attribute to energy-efficiengyojects. Inseveralinstances, for exampl#ey found building
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energy usencreased after an efficiency retrofit projecas done. Wile there are manyeasons
why a building might show thipattern of energyse’; managers reviewinguch results nght be
led to conclude that projentanagers or engineers are over-estimatingrtbeey-savingpotential
of energy-efficiency improvements. Asrasult, managers might demand evehorter project
payback periods to compensébe this apparently optimistibias’ More precise monitoringpols
(such as light or power loggers) could overcome phidolem, but wouldequire additionafunds
and staff time.

While one might expect tight performance monitoring of cost-cuttirgasures at a profit-driven
firm, Santa Clar&Computers’ measurement methodsl&te are evewgruder than thosesed by
Cypress.The Facilities Engineehastried to use consumptiomformation fromutility bills to
demonstrate the effect of his projects by charting whole-building kWh use in therganttes two
years in a row; one before and one after the retrofiteX@mple ofone of hisevaluations appears
in Figure 1 belowNote that the date of the retrofit isot provided, rendering the chamiseless
without accompanying explanatioAlso, the way the chart is constructed makes it difficult to
compare the same morfttom one year tdhe next. A manager reviewinguch poor bacharts
might not get the message that energy use had decreased from one year to the next (presumably due
to the installation of energy-efficient technology), or attribute the changente other factasuch
as weather or building occupanchhus, he or shenight not bepersuaded to fun@dditional
efficiency improvements.

Figure 1.

Santa Clara Computers Sample Evaluation of
Electricity Use Before and After Proiect

Jan-92 | 1 Building 3

Nov-90 | 1
Oct-90 . - - - - g |

0 10000 20000 30000 40000 50000 60000 70000
KWH

Examples include: planned project savings small compared to total building consumption, large swings in
annual consumption due to weather or occupancy changes, maintenance savings not measured, background growth in
energy consumption (i.e., plug creep), equipment failure

i Statman and Tyebjee (1985) found that people who regularly evaluate capital investment project forecasts
consider the forecasts overly optimistic and mentally adjust them to correct for perceived bias.
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(2) An organization that produces or maintains its own utilities may create a situation in which
improved energy efficiency is discouraged.

This theorywas suggested hiye situation aCypress University, whichesembleghat of many
utility companiesprior to the integratedresource planning/DSMevolution. The Ultilities
Departmentpurchases energy frorthe privately owned cogeneration facility located on the
campus. This is a more-or-lefised costthat only changes with long-term trendsthe price of
the primary fuel (natural gas). The Utiliti@epartment theme-sellsthe energy to other university
departments at a price thatcorporates its variableosts of system expansiomaintenance,
administration, and the Energy Retrofit Program. The fewer units of e(eigy kWh,tons) the
departmentsells, the fewer units it has over which tistribute its variablecosts, sothe rate
charged to the other departments may haved®@ase. Raising ratdégr this reason igolitically
unacceptable sincguch “overhead” costsare assumed to be undeéhe control of the Utilities
Department in avay that thecost of purchased energy met. Thus,there is a disincentive to
improve energy efficiencypeyond acertain pointunder the currentsystem of accounting and
accountability. Wile theCypress Universitycase is fairlyunique, such situationsiay become
more common undeutility deregulation as cogeneration is projected to increase among large
power users.

IV. CONCLUSIONS AND POLICY IMPLICATIONS

A. Conclusions

Price still mattersThe price of energy and of energy-efficient technologievitally important in
determining which projectget done and which dmot. While hurdle rates based on payback
period may be misguide@ee Case Study AnalysiSectionA), they exist. Thismeans higher
initial costs forefficient technologies andrtificially low (via externalities) energy pricasork
against energy-efficient building improvements.

Organizationalstructure, proceduregnd culture alsamatter. As these cases have demonstrated,
the way people are organized into hierarchies @mndups, operational rules designed to impose
order and restraint, and sharedtitutional values castrongly nfluence the availability ofunds

for energy-efficiency improvementSuch observationalign with those ofDeCanio(1994) and
Cebon (1992).

Finally, individual valuesand behavior also matterThe personal commitment of facilities
employees to thgoals of energefficiency and its associated environmental benefits are vital to
insuring program success andntinuedfunding. If line employeesvere notable to convince
management thamproving energy efficiency is the (morally) right thing to do #akk personal
initiative to see projects completed, we would see even fewer energy-efficiency projects than we do
now. Yet the same organizational structures that constrain certain actiorsdsmajlow managers

to pursue goals they believe ayeod forthe organization and society asvhole. A savvyleader

can work the system in wayisat make it easier to accomplish certain objectassforexample,

the CypressUtilities manager didvhen he tookenergy-efficiency projects out of the ineffective
capital budgeting process. This worked well when his boss (the Facilities Director) wasrgy-
efficiency champion, but leswell since theposition has turned over to someone wiifierent
priorities.
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B. Policy Implications

Golove and Eto (1996) offer three rationales for government intervention in the foarkaergy-
efficient goods and services: 1) whitnie market is not achieving the sociadigtimal distribution

of wealth, income, or property rights; 2) when the transaction esstxiated with investments in
energy efficiency ardaigh in the market as currentlgtructured and substantially inhitsuch
investments; or 3yvhengovernment can help individuals and organizations help themselves (p.
30).

As statedabove,the price of energgends avitally important sgnal to decision-makers. If that
price is too low due to un-internalized externalif@smany have arguedlsewhere), eveperfect
application of economianalysis tools (an infrequent occurrenttes evidencesuggestsvill lead

to levels of investment below whatould be optimal for society. In such casegolicy
interventions in the form of pollution or consumption taxes, for example, would be appropriate.

Transactiorncostsseem to be relatively insignificafbr "stand-alone” energyetrofit projects at
both organizations. This is consistent witie findings of Hein and BloK1994). However, such
costsappear to increase dramatically sson asenergy-efficiency opportunities arise in larger
renovation efforts onew construction. If such situatioase typical of largeorganizationsthen
policy intervention in the form of building and equipment efficiestandards, for examplepuld
improve social welfare.

Finally, evidence provided by these two cases suggests there exist opportung@gefoment to

help firms help themselves become mprefitable. Currently, decisiorebouthow much money

to spend on energy-efficiency improvements are made in facd#éipartments. As a consequence,
improving energy performance is not one of the investment opportunities exaasidy the
organizations’ money managers. Over in the corporate finance departments they never seem to ask
themselves: “Should we invest in more Campbaltisip stock or wre energy efficiency?” As

long as this organizational structure persists, energy efficiency will remain marginalized - living on
scraps fromalready-stretched facilitieeperationsbudgets. Government-sponsoredecutive
training onhow to set up “Energy MnagemenProfit Centers’might be oneway to begin to
overcome this structural probleihln order to make the most of existing opportunities, we need to
recognize thaenergy efficiency is not just matter of supply and demand, but a product of
complex interactions between people with different valuesadnidies to expressthem through
complex organizations.
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APPENDIX. LITERATURE REVIEW

Many scholars have puzzled otbe energyparadox. Soméave concluded that no gap between
measured energy use aachievable efficiency potential ets, while othersclaim tohave shown
that there is systematimder-investment in energy efficientyoughoutthe economy: Of those
who agree about the existence ofj@p, there is disagreement aboutsige, severity, angolicy
implications. What is one to make of all this?

My readingsuggestghat much of theconfusionmay besorted out by clarifyinghe distinct
theoreticalframeworksthat provide the basis forformulating questions and definirgyidence in
this body of literatureMany seemingly contradictoryconclusions may be understood by
recognizing the differerapproaches to investigation tife efficiencygap. These approaches or
frameworks may be categorized as follows:

* neoclassical economics,

* neoinstitutional economics,
 organizational approaches, and
» behavioral approaches.

The neoclassical economics approach is probably mogiafato readers and ithe dominant one

of researchers who questidhe existence of an efficiencgap. The approach contains an
investment theory which may be characterifmdour purposes as, "Firmill purchase building
energy efficiency until thediscounted marginal benefit generated by improvements equals the
marginal cost of further improvement.” Thus, almost by definition, all firms invest inhgsight

amount of energy-efficiency improvement8ccording to neoclassicatheory, sub-optimal
amounts of investment (either too much or too little) only occur ieva carefully defined
situations called market failures. Market failures are caused by the existence of externalities, public
goods, and imperfect competition (monopoly and monopsony).

Neoclassical economists admit there are failures in the nfarkehergy efficiency. Energprices
do not fully internalize the environmental and health costs to societydoover generation. Firms
who are late adopters of new efficiency technology do not pay for the learning experieeadg of
adopters, which result in an improved product or application.

The term “market barrierivasinvented by energy engineers anduged inthe literature in two

ways: first as a catch-all phrase to describe anything which appeargete adoption of energy-
efficiency technologies (including market failures), and second as phenomena distinct from and in
addition to market failures that prevdmms from optimizing energy-efficiencynvestment. Much

of the controversy overthe severity of the efficiency gapeems to have been caused by
disagreement over what constitutesharket failureversus anarketbarrier. | have reviewed the
literature below under the heading dMetFailures and Barriers” to acknowledge this dual usage
and occasional conflation.

Most market barriers (in the second sense) are identified by energy researchers in response to what
they consider unrealistic assumptions of the neoclassical economic approach, teecexatence

1" Achievable efficiency potential" (as defined by energy engineers) is the difference between the level of energy
use now observed and the level that would be observed if all cost-effective (i.e., cheaper than new energy supply at
current prices) energy efficiency measures were implemented.

A-1



of a perfect capitainarket,perfect certainty andompleteinformation, firmsact strictly as price
takers, and zero costs associated with trade.

An entiresub-field of economicéias sprung up ttry to make the neoclassicalpproach more
realistic, yet still useful as a model of economic behavior. |aailithis sub-field “neoinstitutional
economics”, though it is known bgther names. Eggertsson's 1990 boadntitled Economic
Behaviorand Institutionsdescribes this new field. @dinstitutional economics retains theore"
elements of neoclassical economics (stgbleferencesrational choice, and equilibrium), but
introduces information and transaction costs and the constraints of progkts; fihis branch of
economics relaxes thssumptions ofitility maximization byconsumers and profit amimization

by firms. It alsoasserts, "...measurement casgstematically influence the structure of contracts
and the organization of markets and of economic institutiogemeral..." (Eggertson, 1990, p.
27). The neoinstitutional economics approach might be summaf@edur purposes as, “If
everyone coulknow everythingfor free,then firmswould purchasébuilding energy efficiency
until the discounted marginal benefit generated by improvements equals the marginal cost of further
improvement.”

Milgrom and Roberts 1992extbook entitled Economics, Organizations,and Managemenis
considered one dhe best representatives of thiscent trend in economitiought. Rather than
presentingthe idealizedworld of profit-maximizing firms buying and selling in a friction-less
world with perfectinformation, they describe a momealistic economicmodel. This world
containsrisks, uncertainty, moralconflict, and limited information and human capacity for
understanding and optimization.

Milgrom and Roberts (1992) alsdiscusstransactions cost economics and its limitations.
Transaction cost economics is basadely on thework of Ronald Coase (1937) ardliver
Williamson (1989) and focuse®xplicitly on the information, negotiation, contractual, and
enforcementosts assumed away Imgoclassicaeconomists. Previous work kbylilgrom and
Roberts (1987) enriched the discussiorrafhsactioncosts by arguinghat political and influence
costs are amontie mostcrucial associatedith negotiating agreements to exchange laectbme
higher as organizations increase in size eatralized discretionary dgrity. | see thidfield of
inquiry as a sub-set afeoinstitutional economicgpproaches, but ortbat has receivedenough
attention to merit its own heading in the review below.

The organizational approachhssed primarily orthe work of Richard Cyert and Jamégarch
(1963). They revolutionized thinking about the firm by regarding it as a hierarchical but imperfectly
coordinated body composed of sub-units with perhBifierent goals, views attitudes, interests,

and constraints. The firm does no&ximize profits: instead it produces enough profits to survive

(it satisfices). The firm's capitahay beowned bypeople other than itshanagerseach ofwhom

may have different values, goals and intere€sganizationahpproaches to investment decisions
might be characterizefdr the purpose of thigpaperas, "If people were perfectly organized (with
properly structured incentivestc.), then theywould purchaseéhe amount of building energy
efficiency that would provide sufficient profit to the owners of the firm."

2 Velthuijsen (1995), p. 27.

3This general school of thought is also known as “transaction cost economics”’, “modern neoclassical theory”,
“institutional economics”, and "information economics". Each one has a slightly different set of assumptions and
modifications to neoclassical theory.

* For the purpose of this review | include Herbert Simon's (1957) conceptaindedrationality and satisficing
in the neoinstitutionadpproach (a¥elthuijsendoesbut Eggertsordoesnot) because irthis framework decisions
remain "logical" but limited by human capacity to absorb information and foresee all possible outcomes.

> Velthuijsen, 1995.



Several concepts within the organizational approach are particularly relevdhis toeview:
organizationaklack, capitalrationing, andmoral hazard. "Slack™ occurs in arganizationwhen
more money is dedicated to a particidab-unitthan is strictly needed to perform fignctions.
This slack istypically hoarded by managers to provide "extrils® Friday morning donuts or
offer up as budget cuts when times are tighthiorganizationabiew, unexploited opportunities
for profitable energy-efficiency improvemewbuld be a form of slackCapital rationing attempts
to prevent slack fronraccumulating byforcing projects to copete with each otherfor funds
instead of against a profitability standard. In a firm with capital rationing we might theexfozet
to see some cost-effective energy projeetaainunfunded becausthey aren't asprofitable as
other projects the firm might undertakkgnally, the term "morahazard” in thidody of literature
refers to"...any behavior under aontract that isnefficient, arises fromhe differing interests of
the contractingoarties, and persists onhjecause one party to the contract canelbtfor sure
whetherthe other ishonoringthe contractdrms” (Milgrom andRoberts, 1992, p. 197). dval
hazard is a type of “principal-agent problem” in which parties to a contract have divietgessts.
A property management company that leases a building to a firm péychitsown utility bills is

a classic example of a situation which the agent (thgroperty managerhas nocontractual
incentive to act in the best interest of the principal (the lessee) by making the building more energy-
efficient.

Behavioral approachdecus onindividuals within firms anchow they act tofulfill their own
values and needs in an organizational setting approaches arfdrnoay purposes bsummed up
as, "Firmspurchase as much building energy efficiencyhespeoplevorking in them feel they
should". Inthis approachactions and decisions which do not appear "rational” frorexaéernal
perspect:[)ive may benderstood in technicapersonal, socialand political terms at the same
moment.

Social scientists James March and Jobtsen(1976, 1986have developed widelysedmodels

of decision-making in which problems, solutioasd participants are joined by no more than the

fact that they occur simultaneously. Thesecessesre described by the “garbagen” metaphor
because problemare linked tosolutions and decision-makers to choices by just being around at
the same time (getting pulled from the garbage can together). Such models are an attempt to explain
observations of seeminglghaotic decision-makingprocesses driven byimited rationality,

conflict, and preference ambiguity in the midst of constant organizational change.

Phenomenon such derecast and selection bias and individual agrdup psychoses are
particularly relevant to the discussion of energy-efficiency decision-makorgexample Statman
and Tyebjee (1985) found that the peopleo evaluateprojects’ financialforecasts recogniziney
are often overly optimistic andake a mental adjustment to compengateprobablebias. This
behavior protects decision-makers from approving spo@ projects but also causdsem to
rejectsome projectghat would be profitable for the firm. Pruitt and Gitman(1987) continued
Statman and Tyebjee's work withrail survey ofFortune 500companiesTheir results support
earlier conclusions and suggest some possiplanationsfor forecast optimism including
"myopic euphoria” (people closely involved with a project can’t sedaiifis), "groupthink”
(members of @roupare afraid tospeak out against prevailing opinion about a projetisits),
and "salesmen's optimism" (someone trying to sell a project can only see its good points).

In this review ldeliberately exclude literature on innovation and indivicduedsumer behavior or
values. Wiile "technicalinnovation” maycharacterize energy-efficiency technologies in other
sectors, Ibelieve it isnot an appropriatevord to describe technologiessed toimprove energy
efficiency in existingcommercialbuildings. More efficient fluorescent lightbulbs, occupancy
sensors HVAC control systems yvariablespeed motor dves, window shades arfiims - these
are allretrofit technologies that have bearound for some time. As a consequence, | view the

6Jones' (1989) "socio-rational model" as described by Northcott, 1992, p. 129.

A-3



perceived investment shortfall not as a technolpmblem, but goeopleproblem. Atthe same
time, | believe people organized infirms are significantly differentfrom people acting as
individual consumers.

People in firms may bring knowledge, money, and other resources to bear on the quéktan of

much should | spend agnergy-efficiency improvements” unavailable to a typre@aheowner. At

the same time, goals and actions of people in firms may be constrained in different ways than those
of a consumer who does naive toanswer to bosses or shareholders. tResereasons (and to

keep this review amanageable length) | have excluded research about individual energy
consumers.

Market Failures and Barriers

» Koomey (1990) considers energy-efficiency choices in new office buildings in his typology of
market failures and regulatory distortions. He identifies eight types of failures, pastaming
to the markets themselves (imperfect competitiside effects,public goods, cash-flow
constraints), some tgovernment policy (regulatorglistortions), and some to consumer
behavior (information collection, economic non-rationality, risk aversion).

» Sutherland (1991) argues that the external costs of energy production and consumption and the
lack of aggregate insurance against energy-related risk aomlihéactors standing ithe way
of optimal societal investment iefficiency. Other factors thought to comprise barriers are
merely expressions of the illiquidity and risk associated with energy-efficiency investments and
therefore entirely appropriate in a properly functioning market.

» Shankle and Eckert studied the energy-efficiency decision making of industrial firmri982a
report to the UPepartment oEnergy. They found, "Although economic considerations are
usuallythe keycriteriaused byindustrial firmswhenmaking decisions omvestments, non-
economic criteriaalso significantlyeffect investmentlecisions"(p. iii).” They conclude that
inter-project competitiorrisk perceptionjack of information, shortage of low-cost projects,
funding delays,and weak corporate amghtional commitment ta@onserving energy pose
significant barriers to conservation investment.

* Howarth and Andersson (1992) show how the structiratacteristics of marketer energy-
using equipment may impede the adoption of cost-effective energy-efficient technologies even
when markets are competitivendall marketparticipants areational. Consumer perceptions
and anomalies in thieansmission of information between producers and consunaees an
important impact on the market potential of energy-efficient technologies.

* Lovins (1992) documents market rifewith inefficiency and"perverse" incentives. These
inefficiencies are driven mainly by the difficulty of creatiogtimized, custom-built buildings
systems in the face of persistent institutional failures. One important failure is the prevailing fee
structures of building design engineers, which are explicitly or implicitly based on a percentage
of the capitakcost ofthe project. Thesdee structuresare pernicious becaug®@od design for
HVAC systemswill allow substantial reductions inapital costsand operatingcosts. Such
design requireadditional expenditurebeyondthe typical "rule-of-thumb” equipment sizing
that most engineers do, which results in a net penalty for designers of efficient systems. Lovins
also discusses a variety of other institutional failings, including nonexistent or dgeitstion,
monitoring, post-occupancy evaluation, maintenance, and building commissioning.

« A 1994 analysis ofthe literature byGolove (Golove, 1994)ed him to conclude the
preponderance of botmarket failures andarriers tend togenerate a systematiender-

" Non-economic criteria include plant requiremeeffgcts on productjuality, technology availability, legal and
regulatory issues, training requirements, personal preferences, plant performance, public image, and aesthetics.
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investment in energy efficiencgolove’s market failures include negative environmental and
national security externalities, anatility mis-pricing by average rather than marginal
production costs. Barriers considered includéack of consumer awarenessnis-placed
incentives liquidity constraints, andhseparability of features (called “gold plating” in other
literature).

 Koomey and Sanstad (199%9ke a closdook at four specific marketdor energy-efficient
products andconclude that markdailures such asinformation problems, decision-making
problems, capital market imperfections, searokts orother imperfections must be inhibiting
the adoption of more efficient technologies.

» Jaffe and Stavins (1994) attempt to disentangle arguments about the existence of the efficiency
gap by identifying five separate and distinct notiongmtfmality and distinguishing between
market failures and non-market failures.

» Koomey, Sanstad, and Shown (1995) examine the market for magnetic fluorescent ballasts and
conclude that thevorkings of this market provide strongevidencefor the existence of
economic inefficiency in this markets for a particular energy-efficient technology.

* Golove and Eto (1996) provide a valuable service by summarizing the debate over the existence
of the efficiency gap andonsidering its implicationgor public policies to promote energy
efficiency. They firstexplainsevenmarketbarriers) then show howmany of them may be
understood asxamples of market failuresich as externalitiegnperfect competition, public
goods, and imperfectinformation. Next theydiscuss howtransaction cost theorynight
enhance understanding of information-relatearket failures in particular and agramework
for assessing energy-efficiency policies.

Neoinstitutional Economics

» DeCanio (1993) provides several possitdasons focorporate practicesuch as highhurdle
rates that preclude efficient levels of investmengnergy efficiencyAll of them address the
way people in organizationmocess an@ctupon informationjncluding bounded rationality,
principle-agent problems, moral hazard, andstatistical or selectionbias in estimating
investmentreturns. DeCanio argues suchon-market barriers cannot be surmounted with
traditional regulatory approaches because they are an outgrowth of “. nalimésrmational
and incentivefactorsthat havelittle to do with the neoclassical optimization paradigm” (p.

. a%l%%ett andVletcalf (1993) argue thatuncertainty, heterogeneity afonsumers, and option
value provided by waiting to invest in energy-efficiency improvemeats account for
discount rates about four times higliean thestandard rateThey thereforeconclude,"...the
apparently high discount rates attributednteestorsmaking energy conservation investments
are not irrational or the result eédbmemarket failure"(p. 710). Howarth an®&anstad 1995,
below) refute this argument.

» DeCanio (1994) analyzed survey results and conducted in-depth interviews with participants in
the EPA's Green Lights program to explotee apparent failure byirms to maximize
shareholder wealth by under-investment in energy efficiency. He found that:

...the picture that emerged was a consistent one of barriprefitable investment

arising as unintended or unavoidable consequences of other strategies adopted by
the firms - to decentralizedecision-making, exercise control oveperations, or
routinize the evaluation of small projects. (p. 113)

8 Misplaced incentives, lack ofaccess tofinancing, flaws in market structure, mis-pricing imposed by
regulation, decisions influenced by custom, lack of or mis-information, and “gold plating”
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» Sanstad and Howarth (199@lax neoclassicahssumptions aboubhe information gathering
and optimization abilities of individuals arilims to "..suggestthat many of themarket
barriers' toenergy efficiencydiscussed irthe literature may banderstood amarket failures
properly construed{p. 817).They suggestinformation economics bridgake gap between
engineering and neoclassical economics approaches to energy policy by recognizing that
"normal” markets are not necessarily efficient.

* Howarth and Sanstad (1995) provides both a summary and respoms@éycapproaches to
explaining the "efficiency gap", particularly Sutherland (1991) and HasseMetadlf (1993).
They argue thahigh discount rates in energy-related decisions cannot be fully explained by
hidden costs, consumer heterogeneity, or perceivegk. Neither can they be attributed to
uncertainty and the irreversibility of efficienagvestments. Rather, new research on the
problems ofmarket failures related to transactioosts,asymmetric information anidounded
rationality inbusinessorganizationgeveals,"...firms are more complicated angerhaps less
efficient than simple profit-maximization models suggest, avkan managers and employees
are perfectly rational" (p. 107).

» Sanstad, Blumstein, and Stoft (1995) use Hassett and Metcalf's (1993) own maodisiaaiad
demonstrate:

...even taking uncertainty and irreversibility in to account in the manner they
[Hassett and Metcalf] propose, consumers mstistbe applying anomalously high
rates of time discounting to yield implicit discount rateshi& range reported in the
literature. (p. 739)

Transaction Costs

* Hein and Blok (1994) conductedsarvey oftwelve energy coordinators industry toobtain
an estimate of the magnitude dfansactions costs of energy conservatimeasures.
Transaction costs estimated included collectrigrmation, decision-making, implementation,
and monitoring. Theseosts were found to bguite small (between one amik percent) for
retrofit installation of energy-efficient technologies of total projeosts. “Hence,”they
conclude, “tansaction cosinay only partly explainwhy large firms do not applythe full
potential of energy-efficiency improvement”.

» Johnson and Bowie view energfficiency as a coordination problem in th&#94 paper. In
this context transactionbecome a matter otooperation betweerbuyers and sellers,
commitmentamongbuyers,and competition amongellers.Their exploration comes to the
following conclusion:

Factorsthat are neglected agnored inthe neoclassical model take on crucial
significance with respect to bringinthe transactions ohew energy-efficient
products to fruition, such as the specification of contractual alternatnegs;ocess

of negotiating changes, measurement of technical specifications, and the monitoring
and enforcement of contractual obligations. (p. 12)

* Also see Golove and Eto (1996) above.

Organizational Approaches

* A study for the Alliance to Save Energy conducted logR(1986)ollected databoutcapital
budgeting practices from fifteen large industfiehs. He argueghe structure of the budget
process itself causes under-investment in energy conserpatigets. In firms whereapital
is rationed so energy efficiency-improving projects must compete against each other rather than
a profitability standard smaller projects faceuch high hurdleates(25-60%) that significant
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opportunities for profitareforgone. Rossalso foundwhile projectproposersoften perform
discounted cash flow evaluations, decision-makers roftsh use simple figures such as
payback period to compare projects to each other - again foregoing profitable opportunities.

Cebon (1992) usedomparative case datem two universities tadevelop an organizational
model of energy conservatiatecision-making. This odel emphasizepower and ncentive
distribution and information acquisition and analysis. He fthesstructure of an organization
largely prescribeghe capacity ofts energy managers to acquire amhlyze the information
they need to maksound investmentdecisions. Mre important, organizational structure
constrainghe power of energymanagers tomplement theirdecisions forthe benefit of the
institution as a whole.

DeCanioand Watking1995) examined whetheiirms’ characteristics influence their decision

to invest in lighting retrofits byisinginformation from Environmental Protectigkgency and
Securities and Exchange CommissatstabasesThey found, contrary to the predictions of
economictheory, the characteristics of a firfsuch as size, earningser share, industrial

sector) influence its probability of joinintipe Green Lightsprogram.DeCanio(1995) states

even morestrongly, “. . . organizational and institutional factors appear to be at least as
important as economic ones in explaining the performance of the lighting upgrade investments”
(p. 15)and*“the data reinforce th&iew that there is a large potenti@r profitable energy-
saving investments that is not being realized because of impeditm&ngse internal to private

and public-sector organizations” (p. 22).

Behavioral Approaches

Komor and Katzev(1988) used personal interviews @&plore behavioralssuesinfluencing
energy use in satl commerciabuildings. They found in these casethat poor information,
perceived lack of contrabver energycosts, belief thatenergy conservation means reduced
comfort, diffusion of responsibility, and the magnitude of energy costpareah to total sales
were significant barriers to efficiency investment.

Goitein (1989) conducted a survey of participants commercialenergy audiprogram.They
foundthe garbage can model of organizational decision-making a helpfulof explaining
which businesses choseqarticipate in the audiind why "energy champions™ andaving
many projects available for consideration are vital to implementing audit recommendations.
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