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CHAPTER I: DISCOUNT RATES AND EFFICIENCY INVESTMENTS

Engineering analyses typically conclude that current practice for new office
buildings is significantly more energy intensive than is technically feasible and
economically optimal. Economists respond that the marketplace will choose that level of
energy efficiency that isjustified based on an assessment of transaction costs, information
costs, and risk. Both views may be correct, and there still may be justification for policies
to increase energy efficiency beyond the levels that the market would otherwise choose.

This research examines the justifications for policies to promote energy efficiency in
new office buildings. It investigates the technical evidence for market failures and other
sources of divergence of observed from optimal energy efficiency, and explores design,
construction, and leasing processes to determine key leverage pointsfor policies. It uses a
financial model to examine the effectiveness of different structures for incentive policies.

This chapter summarizes estimates of the payback times used by commercial sector
customers, converts them to discount rates, and compares them to the real discount rates
used by utilities to evaluate supply side investments (derived from aggregate utility financial
statistics). It also summarizes the consequences of the divergence in discount rates. The
last part of this chapter summarizes the rest of the dissertation.

CHARACTERIZING THE PROBLEM

The calculation and use of discount rates has always engendered controversy.
Recently, many people have compared supply and demand-side discount rates (in the form
of simple payback times (SPTs)!) and concluded that large differences exist between
them.2 This section summarizes published estimates of discount rates for the commercial
building sector and compares them to an interna rate of return derived for theelectric utility
sector.

The rate of return from investments is most precisely characterized in terms of an
implicit discount rate, which is equivalent to what the business economist calls "internal
rate of return (IRR)" or "return on investment (ROI)". (These three terms will be used
interchangeably herein.) The demand or supply-side investment will yield a stream of
future benefits with a present value that will exactly equal the initial cost of the investment
when discounted at the ROI. ROI must be determined through an iterative process, and has
the advantage of being relatively independent of accounting practice and the cost of capital.
The ROI of both supply and demand-side investments can be compared to the returns
available from savings accounts or treasury bonds.

Implicit discount rates can either characterizeinvestor choice or the behavior of the
entiremarket for energy efficiency, including manufacturers, wholesalers, retailers, and
other middlemen. The first type of discount rate | refer to as an investor discount rate,
while the second | refer to as a market discount rate. Investor discount rates are typically

1 The simple payback time and the costs of conserved energy are related. The payback time of an
conservation investment with a cost of conserved energy (CCE) equal to the fuel price is equa to the
present worth factor, calculated at some discount rate (r) over some time period (n). This result follows
from the definitions of SPT and CCE. See Appendix B.

2See, for example, Ralph Cavanagh's comments in Cavanagh 1987, p. 204.
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determined by asking investors about their time preferences, while market discount rates
are calculated using engineering-economic models and information about the energy-
efficiency of past market decisions (Ruderman et al. 1987). When used to calculate life-
cycle costs using a capital cost vs. energy consumption curve, the market discount rate will
yield minimum life-cycle cost at the energy consumption currently being chosen by the
market.

Market discount rates contain more information than investor discount rates, since
they implicitly contain the effects of both the weighted average investor discount rates of all
consumers and the market failures affecting efficiencychoice3.  The market discount rate
isaconvenient way to characterize the extent of market imperfections, but it should be used
with care. In principle, market discount rates should be higher than investor discount rates
for the same device. However, neither of these quantities is known with sufficient
precision to make such a generalization valuable.

It is important to distinguish these two types of discount rates when analyzing
policy implications of such studies, since it may be misleading to design policies that rely
on rational builders/devel opers/consumers using high market discount rates. Investor
discount rates are not subject to this caveat, since they represent the consumer's explicit
characterization of the discount rate used in assessing cost-effectiveness.

Investor Discount Rates in the Commercial Sector

A survey completed in 1986 for the Potomac Electric Co., serving Washington,
D.C., yielded striking results for the payback times demanded for energy efficiency
improvements by commercia customers (Barker et al. 1986). Table 1.1 shows the
maximum payback period these customers require when evaluating energy efficiency
improvements, broken down by customer peak demand level. About 1/3 of the
respondents were unable to answer this question, and of those who answered it, more than
3/4 indicated payback periods of three years or less. Those users with higher peak demand
clustered closer to three year payback, while those with lesser peak demand (and
presumably less expertise and greater cash-flow constraints) clustered around one and two
year paybacks. A three year payback in this context is equivalent to about a 39% real
consumer discount rate (see Appendix A). Thereis no reason to believe that new building
purchasers are any more inclined to install efficiency improvements than the surveyed

group.

Table 1.1 also shows thereal discount ratesimplied by these simple payback times
(assuming a30 year measure lifetime), which range from almost 20% real to over 160%.
The weighted average real discount rate for al customersis either 44.5% if weignore those
respondents who didn't know, or 72% assuming that those who didn't know use first cost
astheir only decision criterion.

A survey of 610 commercia customers in Niagara Mohawk's commercial sector
found that 16.8% used lowest first cost as their decision criterion to select space
conditioning or lighting equipment replacement (Xenergy 1988, p.3-14). Schon et al.
(1987, p.1-70) interviewed commercial customers in the service territory of Consolidated
Edison Co, in New York City. They found that of 54 electric customers who occupied
office buildings, 80-90% required simple payback times of three years or less. The results

3Market failures such as risk aversion may affect both market discount rates and investor discount rates.
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for retail stores, schools, supermarkets, and other small buildings showed similarly high
proportions of respondents indicating required paybacks of 3 years or less. NEEPC
(1987) describes the results of a relatively informal survey of landlords and tenants in
Boston's commercial sector, which found that three year simple payback was the upper
limit of acceptability for those interviewed.

Table |.2 shows that the results of the surveys cited above are more the rule than
the exception.4 EPRI (1988b) cites nine other surveys of commercial sector payback
times, eight of which areincluded in Table 1.2 (Burnett 1981, Energy Research Group Inc.
1986, Leahy ??, Ml PSC 1982, Mueller Associates 1985, Portland Energy Conservation
1985, Train, 1985 #455, Rocky/Marsh Public Relations 1985).5 Six of the eight studies
found payback times of three years or less, with four of the eight indicating paybacks of
two years or less.

The investor discount ratesimplicit in ssmple payback criteria of 3 years or less are
much higher than the cost of capital to the commercia sector, which indicates that the
market for efficiency is not operating in an optimal fashion. The historical average real cost
of capital for commercial loans is 4-6%. Investor discount rates higher than this amount
must indicate other factors at work, such as hidden costs, risk premia, satisficing behavior,
or cash-flow constraints.

Market Discount Rates

The market discount rates characterizing energy efficiency in the commercial sector
are difficult to calculate. There are some examples that suggest the approximate size of
these discount rates, but the sector is so heterogeneous and the conservation measures so
numerous that precise characterization is impossible. This section examines the
implicationsof several engineering economic analyses, and calculates a market discount
rate for the flourescent ballasts that are found in amost every new office building.

A supply curve of conserved energy represents the conservation potential that could
be achieved if ALL market failures are overcome (Meer et a. 1983). Such "supply
curves' are derived by calculating the cost of conserved energy (CCE) from engineering
principles, and ranking various efficiency options in order of increasing CCE (using a
discount rate approaching the societal optimum). It is a "snapshot” of the conservation
potentia at aparticular point intime, and it is similar to what economists call a"production
function” for energy efficiency. Itisatechnical potential because it assumes no constraints
on implementing specific measures and no implementation or program costs. A separate
curve is usually used to represent achievable potential, based on program experience and
total costs.

Supply curves of conserved energy are of necessity an aggregate measure of the
conservation potential. In aworld in which this potential could be exactly quantified, the
existence of only one societally cost-effective conservation measure would be sufficient
evidence to indicate a market discount rate that is higher than the societal rate of interest.

4| ndustrial decisionmakers, who according to theory should be profit maximizers, also use paybacks for
energy efficiency investments that are usually range from six months to two years (Peters 1988, Peters and
Gustafson 1986)

S0One of the studies was inadequately referenced, giving neither author nor date. | therefore do not include it
here.
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Since we do not know the conservation potential with such precision, we must be more
circumspect in the conclusions we draw from these curves.

These studies typically conclude that there are large reserves of conserved energy in
the commercial sector, at costs of conserved energy (CCESs) of roughly 0.5-2¢/kwh (Hunn
et al. 1986, Lovins 1987, Miller et al. 1989, NEEPC 1987). If the market would not
implement these low cost measures and the calculations are correct, the market discount
rates must be substantially higher than current interest rates. Table 1.3 shows the market
discount rates implied if the market turns down savings with costs less than the electricity
price (Appendix B describes how to calculate the numbersin this table). CCEs of $0.005-
0.02/kWh imply real market discount rates of 36.3 to 225%, assuming that all costs are
included in the calculations and that the more efficient devices are perfect or superior
substitutes for the devices they replace. Chapter 111 describes in more detail the conditions
under which such technical evidence can be used to infer market failures.

The market discount rate characterizing overall efficiency choiceinthe commercial
sector must be greater than or equal to the weighted average investor discount rate in this
sector, since market discount rates include the effects of both high investor discount rates
(dueto risk) and market failures. The exact value of these discount rates will always be
uncertain. However, the results of engineering economic studies cited above are consistent
with typical investor discount rates that are substantialy larger than utility ROIs and the
cost of capital to the commercial sector.

To accurately calculate a market discount rate, it is necessary to have examples of
two devices that supply the same service, both of which are currently commercially
available, one of which uses less energy than the other at calculable cost. Residential
appliances present the most convenient examples of such situations (Meier and Whittier
1982, Ruderman et a. 1987). In the office building sector, discount rates may be
calculated for users who purchase the ubiquitous two lamp flourescent ballast.

Table 1.4 shows the characteristics of such ballasts. According to Geller and
Miller (Geller and Miller 1988), standard core-coil ballasts would have accounted for about
90% of all flourescent ballast salesin 1987 (after correcting for efficiency standardsin five
states that prohibited the sale of inefficient ballasts). The table shows that the efficient core-
coil ballast offers energy savings at a CCE of $0.0142/kWh. In this example, no cooling
energy savings have been credited to the ballasts, even though one kWh of electricity
savings in commercia buildings aso results in 0.1 to 0.25 kWh of savings in cooling
energy, and associated savings in Heating, Ventilating, and Air-Conditioning (HVAC)
capital costs (Usibelli et al. 1985). This example also assumes operating hours that are
lower than those in amost all commercia buildings (see Table 11.4, in Chapter 11). This
CCE implies areal market discount rate of about 60% for those who purchase the standard
core-coil ballasts. Since the efficient core-coil ballasts are indentical to the standard models
except that the core winding is more efficient, | conclude that the market is acting as if
purchasers of standard ballasts are using high discount rates.6

The situation is more complicated for electronic ballasts, since they are arelatively
new technology that experienced reliability problems when first introduced (these problems
have been overcome). They offer superior service than their core-coil counterparts,

6The fact that consumers have purchased the less efficient model does not necessarily imply that they
actually performed a life-cycle cost calculation using a high discount rate. It does strongly indicate that
cost-effective efficiency measures can beignored by substantial numbers of purchasers.
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eliminating flicker and hum. Some models alow use of daylighting sensors to dim the
lights when outside light is plentiful and occupancy sensors to turn lights off when rooms
are unoccupied. It may be difficult for purchasers to find electronic ballasts in certain
areas, though they are available by mail in large quantities for those who know where to
look. Purchasers of efficient core-coil ballasts who do not purchase solid state ballasts are
acting as if they are using real discount rates of about 26%. This estimate is a lower
bound, since the service level is actually improved (the benefits are larger than just the
energy savings).

Calculations thus confirm that the market for flourescent ballasts is ignoring
inexpensive improvementsin energy efficiency. Since these ballasts are used in al office
buildings, it is plausible to argue that other energy-using devices in offices are evaluated
using similar decision criteriaand suffer from similar market failures.

Utility Investments

Thereal IRR for supply-side investment decisions, on the other hand, is typically 4
to 6%. The discount rate used by these companies for evaluating economic choices is
usually the weighted average cost of capital (WACC). Since electric and gas utilities rates
of return are regulated, the WACC should be close to the ROI. In fact, if the utility is
allowed to recover all costs plus the rate of return, the ROI should be exactly equal to the
rate of return (Kihm 1988).

A 1977 survey of electric, gas, and telephone utilities gives one indication of the
discount rates used by these companies. The average WACC estimated by this survey was
11.2%, while the 1976 inflation rate (as represented by the consumer price index) was
about 6%. Thus, the real discount rate used was approximately 5% (Corey 1982).

The method for calculating IRR for individual projects based on financial statistics
isquite well known (see Appendix A). A method for approximating the IRR for an entire
firm or industry is developed in R.A. Peters book ROI: Practical Theory and Innovative
Applications (Peters 1974). This technique divides the annual cash flow of a business,
(which usually equals net after-tax profit plus depreciation) by the total capital investment,
adjusted for depreciation. Thisratio yields the cash flow as a percentage of total capital
invested, which is converted to an IRR by using a fractional breakdown of wasting and
current assets, an average lifetime for the wasting assets, an infinite lifetime for the current
assets, and a standard annuity table. The method assumes that the current capital structure
of abusinessis"typical" and so this measure is unreliable during periods of rapid change
and substantial investment.

A time series of IRRs calculated for the utility industry using this method is shown
in Table 1.5. Aggregate utility financial statistics from which this table was derived are
contained in the Satistical Yearbook of the Electric Utility Industry, published annually by
the Edison Electric Institute (EEI 1988). The IRR is quite stable over this period. Those
yearsin whichit changes provide insights into the events buffeting the utility industry. In
1974, it decreased from 5.1% to 4.7%, reflecting the increase in fuel prices due to the oil
shock. The early 1980's show an increasingly healthy industry reaping the benefits of
decreasing fuel prices and the capital investment program of the 1970's. The decline of
ROI after 1984 is caused by slower revenue growth, reduced Allowance for Funds Used
During Construction (AFUDC), and adrop in Other (Non-operating) Net Income.

The 1976 value of 5.4% is close to that calculated from the utility survey above.
TableI.5 showsthat 6% real is areasonable round-numbered estimate of utility ROIs, and
it isthe discount rate | will use to represent the utility or societal perspective in the rest of
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the dissertation. For a30year lifetime, this IRR corresponds to a simple payback time of
14.2 years.

Effect of the Divergence in Discount Rates

High discount rates affect both the responsiveness of developers to changes in
electricity prices, and the level of energy efficiency chosen. Many analysts argue that as
long as priceis set equal to marginal cost, all cost effective conservation will be installed.
Krause and Eto (1988), following Plunkett and Chernick (1988), show that a customer
using a 2 year payback criterion will evaluate a $0.023/kWh efficiency investment as if it
cost $0.136/kWh. Alternatively, this customer will ignore al conservation investments
with societal costs greater than $0.012/kWh (if electricity costs $0.07/kWh). If
policymakers wanted to influence this customer to install al conservation costing less than
$0.07/kWh using price signals alone, they would have to add an additional tax of $0.34 for
every kWh.” Therefore, up-front incentives may be more effective (per unit of incentive)
than price signals in influencing customers with short payback times to invest in
conservation. This assertion will be explored further in Chapter VI, when incentive
policies are compared from the perspective of the purchaser of anew office building.

CONCLUSIONS

Discount rate comparisons indicate that the market for energy efficiency in
commercia buildings apparently does not promote installation of devicesthat are extremely
cost effective from society's perspective.  As discussed in Chapter 111, inefficient
investment in energy-using devices may be the result of hidden costs, incorrect parameter
specification, time lags, or market failures/regulatory distortions. The rest of this
dissertation investigates which of these factors, if any, can account for the divergence in
discount rates and the corresponding inefficiency in energy use. Once identified, the
contributing factors are used to derive lessons for policies to improve the functioning of the
market and increase energy efficiency.

PLAN OF DISSERTATION

Chapter 11 analyzes characteristics of the office building sector, including energy
intensity, growth in floorspace, peak demand, vacancy rates, rates of return, and other
factors. Chapter Il also compares the commercia and office sector contributions to growth
in energy use, peak demand, CO2 emissions, NOx emissions, and SOx emissions to those
of the U.S. utility sector and the country as a whole. This comparison illustrates that
commercia buildings are important contributors to key environmental insults and electric
utility demand growth.

Chapter 111 presents the technical evidence for market failures affecting the energy
efficiency of new office buildings. It investigates the conditions under which technical
evidence (engineering calculations of cost-effectiveness) can be used to infer the existence
of market failures, reviews previous studies of the potential for efficiency improvementsin
new offices, assesses specific technologies for exceeding the energy efficiency of "current-
practice" buildings, defines baseline prototypes for small, medium, and large office

"Krause and Eto's calculation assumes a real discount rate of 7% and a lifetime of 20 years, but | have
adjusted the numbersto reflect my convention of a6% real discount rate. Price signals of dlightly smaller
magnitude may influence the purchaser to use a longer payback time, but this outcome is by no means
certain.
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buildings, and derivesa plausible estimate for the efficiency potential (30% savings, three
year simple payback time). This estimate is used in Chapter VI when assessing investor
response to different incentive policies.

Chapter 1V explores how economists explain the divergence in discount rates, by
using the existing genera literature on market failures and specific studies of the new office
building development process. Buildings are not often optimally efficient because of
information costs, asymmetric information, lack of information, bounded rationality,
satisficing behavior, risk aversion, externalities, split incentives, public goods, imperfect
capital markets, and other market failures. Important regulatory distortions are caused by
conventional ("cost-plus®) utility regulation (which encourages electricity sales), average
cost pricing, income taxes, property taxes, and subsidies to conventional energy sources
(Blumstein et al. 1980, Fisher and Rothkopf 1988, Griffin and Steele 1986, Kempton and
Neiman 1987, Marnay and Comnes 1989, Oster and Quigley 1978, Plunkett and Chernick
1988, Stern and Aronson 1984).

Chapter V examines policies to correct specific market failures and regulatory
distortionsidentified in Chapter 1\VV. These policies include energy taxes, hookup charges,
utility rebates, building energy rating systems, design assistance, energy education, time-
of-use pricing, shared savings, minimum efficiency standards for buildings and equipment,
government purchase programs, government-sponsored research and development, and
others. The Chapter reviews experience with each policy (if any), and uses the analysis in
Chapter 1V to propose aminimum set of policies for substantially mitigating market failures
affecting the efficiency of new office buildings.

Chapter VI analyzes four incentive policies from Chapter V, using a discounted
cash-flow model and baseline building prototypes (from Chapter I11) to calculatereal IRRs
and to estimate the present value of one dollar of first-year operating-cost savings for small,
medium, and large offices. Theincentive policies are 1) afifteen percent externality tax on
all energy (which isthe basisfor the size of the other incentives as well), 2) a front-ended
externality tax, 3) a front-ended rebate, and 4) front-ended revenue-neutral fees and
rebates. Chapter VI uses the estimate for efficiency potential derived in Chapter 111 when
calculating the value of energy-efficiency to the new building owner. Then each of the
incentives are applied in turn, and the results are compared.

Chapter V11 summarizes important results and conclusions.

Appendix A derives the relationship between simple payback time and implicit
discount rates. Appendix B derives relationships between CCE, internal rate of return
demanded for conservation, electricity price and simple payback times. Appendix C
presents technical details of calculations performed in Chapter 1. Appendix D contains a
printout of the spreadsheet model used to perform the calculations in Chapter VI.
Appendix E contains the outputs from the spreadsheet model in Appendix D.



Tablel.1l. Payback Periods Used By Commercial Customers
(Potomac Electric Power Company)

Peak Demand Level (kW) Implied
Preferred Period Total | Under 100 100-500 Over 500 | Real IRR
Years % % % % %
One 17 19 20 10 161.8
Two 17 16 16 20 64.0
Three 18 10 15 30 39.3
Four 6 5 6 6 28.3
>Four* 10 8 10 13 19.8
Don't Know 33 42 34 22 -or¥
Total 100 100 100 100 -
Sample Sze 659 192 283 184 -
Avg SPT (Yrs)* 2.71 2.50 2.63 2.98
Implied IRR (%) | 44.4 48.7 46.0 39.7
Avg SPT(Yrs)** 1.82 1.45 1.74 2.33
Implied IRR (%) | 72.0 97.0 76.5 53.0

* Assumes that > 4 year paybacks = 5.5 years. Ignores"Don't Knows".

** Assumes that > 4 year paybacks = 5.5 years and that "Don't Know" implies a
zero year payback criterion.

Measure lifetime assumed to be 30 yearsto caculate IRRs.

Source: Barker et a. (1986).



Table I.2. Simple Payback Times Used by Commercial Sector
Investors

Source Smple Payback Time (Years)
Train, Ignelzi and Kumm 1985 2.0
Leahy 1.5
Portland Energy Conservation, Inc 1985 6.8
Mueller Associates 1985 0.8-1.5
Rocky/Marsh Public Relations 1985 6.5
M1 Public Service Commission 1982 14
Energy Research Group, Inc. 1986 2.0
Burnett 1981 2.0-3.0

Source: EPRI (1988D).
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Table 1.3. Market Discount Rates Implied if
Measures with a Certain Cost Are Not Being
Implemented in the Commercial Sector

CCE (¢/kwWh) |  Implied Discount
Rate

0.5 224.7%
84.7%
36.3%
22.6%
15.9%
11.8%
8.9%
0.0%

N~ oo o0 b~ w NP

Assumptions: Discount rate = 6% real, device
lifetime=20 yrs, and 1988 commercial sector electricity
price = $0.0736/kWh (1989 $); Also assumesthat all
costs areincluded in the calculations, and that the device
in question is a perfect substitute for the one it replaces.
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Tablel.4. Market Discount Rates of People and Institutions Who Do
Not Purchase Efficient Flourescent Ballasts

Approximate
Adjusted Capital Power Energy Marginal  Implied
Mar ket Cost Savings Savings CCE IRR

Shareca1987 1989 % w kWh/yr  89%/kWh
Sandard 90% 11.05 0 0 - -
Eff. Core 9% 15.47 11 28.6 0.0142  60.3%

coil
Electronic 1% 33.15 33 85.8 0.0284  26.3%
ballast

Assumptions: Operation time for offices = 2600 hrs/yr, ballast lifetime=45k
hrs=17.3 yrs, discount rate=6% real , CRF=0.0917, and 1988 U.S. average
commercial sector electricity price of $0.0736/kWh. Capital costs are from Geller
and Miller (1988), and have been adjusted from 1987$% to 1989$% using the
Consumer Price Index from 1987 to 1988, and 5% inflation from 1988 to 1989.

Market Shares have been adjusted by Geller and Miller to represent market shares if
state standards did not exist in 1987. By the end of 1987, standards prohibiting
sale of inefficient core-coil ballasts existed in five states representing about one
quarter of the U.S. population (California, New Y ork, Massachusetts, Connecticut,
and Florida).

The market share of Electronic Ballasts has been growing extremely rapidly, and
the small share estimated for 1987 will swell to surpass even standard ballasts by
the mid-1990s (if industry forecasts are accurate).
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Table 1.5. Real IRRs for the Investor-Owned Electric Utility
Industry 1969-1988 (in billions of dollars and %)
Year NI DEPR+ CF WA DD+CA TA | CF/TA ROI
DEPL % %
1969 | 3.13 2.20 5.33 72.80 4.99 77.79 | 6.9% 5.5%
1970 | 3.33 2.40 5.74 81.44 5.78 87.22 | 6.6% 5.2%
1971 | 3.77 2.63 6.41 91.61 6.44 98.05 | 6.5% 5.1%
1972 | 4.36 291 726 10304 758 11062 | 6.6% 5.2%
1973 | 4.85 3.27 812 116.08 872 12480 | 65% 5.1%
1974 | 5.15 3.63 878 12910 1331 14241 | 6.2% 4.7%
1975 | 6.00 4.10 10.11 14071 1490 15561 | 6.5% 5.1%
1976 | 6.99 4.55 1154 15479 1711 17190 ]| 6.7% 5.4%
1977 | 7.31 5.00 1231 17042 2032 190.73 | 6.5% 5.1%
1978 | 857 5.49 1406 18799 2169 209.68 | 6.7% 5.4%
1979 | 9.30 6.04 1535 209.65 2611 23576 | 6.5% 5.2%
1980 | 10.53 6.55 17.08 230.62 3099 26162 | 6.5% 5.2%
1981 | 12.66 7.22 19.88 253.08 3463 287.72| 6.9% 5.7%
1982 | 15.15 7.86 2300 27791 3929 317.20| 7.3% 6.1%
1983 | 17.59 8.61 2620 300.62 4520 34581 | 7.6% 6.5%
1984 | 19.67 9.48 29.15 32350 5589 37939 | 7.7% 6.7%
1985 | 1849 1045 2894 34595 56.62 40257 | 7.2% 6.0%
1986 | 20.24 1142 3166 363.26 6046 42372 | 7.5% 6.4%
1987 | 18.05 1285 3089 37344 6643 43987 | 7.0% 5.9%
1988 | 15.77 1414 2991 37957 6891 44848 | 6.7% 5.4%

KEY: NI = Net Income; Depr + Depl = Depreciation + Depletion;
CF = Cash Flow = NI + Depr + Depl; WA = Wasting Assets

(i.e., assets that can be depreciated);
CA = Current Assets (assets that cannot be depreciated);
DD + CA = Deferred Debits + Current Assets;

TA =Total Assets=WA + DD + CA; ROI = Return on Investment.
Sources: Data: EEI (1979, 1983, 1987, 1988);

Method: Peters (1974)
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CHAPTER II: THE IMPORTANCE OF OFFICE BUILDINGS
INTRODUCTION

Commercial buildings are important contributors to key environmental insults and
electric utility demand growth. This Chapter compares the commercial and office building
sectors' contributions to growth in energy, peak demand, CO2, NOx, and SOy emissions,
to those of the U.S. utility sector and the country as a whole. The chapter also presents a
detailed characterization of the office building sector, including energy intensity, electricity
intensity, distribution of floor area by census division and building size, vacancy rates, and
growth rates in these quantities.

The U.S. Department of Energy (U.S. DOE) forecasts that the commercial sector's
primary energy use will grow more quickly than will the residential or industrial sectors, in
large part because of the large and increasing electricity intensity of buildings in this sector.
The efficiency of new buildings is easier and cheaper to improve than that of existing
buildings, and about half of all commercial buildings existing in 2010 will have been built
between now and then. There are therefore large foregone opportunities if inefficient
buildings are built today that need to be retrofitted in ten years. Office buildings are more
electricity intensive than the average for all commercial buildings, and are forecasted to
comprise about 1/5 of al additions to commercial floorspace in the period 1987-2010.

COMMERCIAL SECTOR CHARACTERIZATION

The Commercia sector is the smallest sector in terms of total primary energy
consumption, as shown in Figure 11.1. Commercial buildings consumed 12.7
Quadrillion Btus (Quads) in 1988, while the residential, industrial, and transport sectors
consumed 16.5, 29.0, and 21.9 Quads, respectively. Figure 11.2 shows that the
commercial sector was the most electricity intensive, with about 70% of its total primary
energy consumption in the form of electricity.l This high electricity intensity resultsin the
commercial sector consuming about 30% of all U.S. electricity, asshownin Figure 11.3.

The U.S. DOE has published forecasts of growth rates in energy consumption for
the period 1988-2000. The DOE forecasts that the commercial sector will experience the
most rapid growth in total primary energy consumption, as shown in Figure 11.4. Even
though electricity demand in the industrial sector isforecasted to increase more rapidly than
in thecommercial sector?, the electricity intensity of the commercial sector (70%) is twice
that of the industrial sector (35%), which leads to total forecasted growth rates in primary
energy consumption of 2% per year for the commercial sector and 1.5% per year for the
industrial sector. These growth rates are in part the result of modest price changes forecast

IThroughout this dissertation, | have adopted the convention that 1 kWh of direct (site) electricity
consumption equals 11,156 Btus of primary energy (except where otherwise noted), which includes losses
in generation, transmission, and distribution. This assumption corresponds to the average generation +
T&D loss factor for the U.S. utility industry in 1988 (U.S. DOE 1989).

2There is significant uncertainty in the forecast of industrial electricity sales by utilities, since industrial
customers can often easily and profitably cogenerate. Many utilities are concerned about the potential for
such self-generation (or "bypass') in the industrial sector.
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for electricity and large increases in prices forecast for other fuels, as shown in Figure
I1.5.

These growth rates represent the continuation of long-standing trends. Figure
I 1.6 shows how quickly electricity has grown to dominate primary energy consumption in
the commercial sector. This growth has come largely at the expense of coal and petroleum,
although natural gas consumption has been declining dlightly in recent years as well.
Figure 11.7 is Figure 11.6 redrawn to show the change in market shares even more
dramatically.

Figure 11.8 shows fuel market shares in the commercial sector if electricity is
counted as site energy (without losses). Electricity is less obviously dominant from this
perspective. Electricity plus gas comprise 80% of total site energy and 90% of total
primary energy in 1986.

Figure I11.9 shows abreakdown of energy consumption in the commercial sector
by principal building activity. This figure represents the average intensity of commercial
floorspacein 1986, based on the Non-Residential Buildings Energy Consumption Survey
(US DOE 1988b, US DOE 1989d). Office Buildings are the second-most energy and
electricity intensive building type, with a primary energy intensity about 40% higher than
the average. Figure 11.10 shows that electricity represents about 85% of total primary
energy consumed in office buildings, which means that offices are about 21% more
electricity intensive than the sector average.

The energy intensities for buildings built 1980-86 are shown in Figure 11.11.3
Averaged over al building types, the total primary energy intensity of the 1980-86
buildings is about 2% higher than average existing buildings, while the total primary
energy intensity of 1980-86 officesis 7% higher than that in average existing offices. This
higher office energy intensity was caused principally by a 15% higher electricity intensity
(253 kBtug/sf for 80-86 officesvs. 220 kBtus/sf for average existing offices). More than
90% of primary energy for office buildings built 1980-86 is in the form of electricity, as
shown in Figure 11.12. Other building types are also increasing in electricity intengity.

Figure 11.13 shows the breakdown of commercial floorspace existing in 1960
and 1986, and forecasted for the year 2010 (OBCS 1989). It also shows the breakdown of
forecasted additions to new commercial floorspace for the period 1987-2010. Total
commercial floorspace increased at about 2.7% per year over the period 1960-86, and the
U.S. DOE forecasts that it will increase at about a 2% annual rate between 1986 and 2010.
Warehouses, Offices, and Mercantile and Service Buildings are growing in importance,
while Assembly (churches, meeting halls etc) and Other Building Activities are declining.
About half (49%) of all buildings existing in 2010 will have been built between 1987 and
2010, according to the DOE forecast. Of those buildings constructed after 1987, about
20% of the floorspace will be in offices.

Table I1.1 shows gross additions to total floor area 1975-1987 for both residential
and commercial buildings. The amount of floorspace added each year can be quite volatile,
sinceit is so dependent on national and regional economic cycles. For instance, 43% more

3The energy intensities for buildings built 1980-86 have been imputed using the method described in
Appendix C.
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non-residential floorspace was added in 1986 than during the 1982 recession year.  For
comparison, Appendix C contains details concerning the DOE forecast of gross and net
commercial floor area additions 1987-2010.

Figure 11.14 shows the breakdown of electricity consumption in commercial
buildings by end-use (EPRI 1986). Cooling and lighting dominate electricity usage for
office buildings, with about 80% of the total. Since some cooling energy is needed to
remove the heat from the lights, energy savings in lighting will result in cooling energy
savings as well. The dominance of cooling and lighting becomes important when
estimating the technical potential for efficiency improvementsin new officesin Chapter 111.

Summary

The commercia sector isthe most electricity intensive of all end-use sectors, and is
likely to experience the most rapid growth in total primary energy consumption over the
next decade. All commercial buildings are becoming more electricity intensive, as shown
by a comparison of the existing stock in 1986 to buildings built from 1980-86. Office
buildings are the second-most electricity intensive of all commercial buildings, and they
comprise about 20% of all commercial floorspace to be added over the next 20 years.

OFFICE BUILDING CHARACTERIZATION

This section presents more information about office buildings, including
distribution of offices by geography and size, energy prices and operating costs, load
profiles, and time-series of office vacancy rates for selected cities.

Geographic Distribution of Office Buildings

Table 1.2 shows the distribution of existing office building floor area by census
division and region# The Southern Census Region contains the most buildings and floor
area. This region aso has buildings of the smallest average size (about 11 thousand
square feet (k sf)/building) compared to the national average (15.5 k sf/building). All other
census regions (and all census divisions but the West North Central Division) have average
floor areas per building higher than the national average.

Sze Distribution of Office Buildings

Table I1.3 showsthe distribution of office building floor areaby size of building.
Officeslessthan 25 k sf comprise 89.4% of the buildings but only 34.3% of the floor area.
A small number of buildings (about 15,000 or 2.4% of the total) contain 42% of the floor
area.

Energy Prices and Operating Costs

Figure 11.15 shows site energy prices for the commercial sector 1970-1988
(OBCS 1989, US DOE 1989c). All fuelsincreased in price up to the early 1980s, then
started declining again. Electricity, the most important fuel in the commercial sector, isaso

4 For the intended policy purposes of this dissertation, estimates of both geographic and size distribution of
offices should be made for new buildings. Unfortunately, such data are not available.
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about afactor of three more expensive per delivered Btu than other fuels. Figure 11.16
shows that energy and other utilities are the most important single type of operating costsin
existing offices, comprising about 32% of operating costsin 1988 (BD& C 1989c).

Load Profiles

Figure 11.17 shows the national average load profile for offices and other
commercia buildings on the summer peak day (EPRI 1986). Because of the high density
of internal loads in offices (e.g., people, lights, equipment) these buildings are often
dominated by cooling, even in cold climates. Cooling and lighting are usualy well
correlated with the time of utility system peak demand, particularly for office buildings,
which results in an especially large contribution to peak demand for every kWh of office
electricity use. Typical load factorsfor U.S. utilities are about 62% (see Tables I1.5and
I'1.6), while typical coincident load factors for the commercial sector as a whole are 50-
55% (Sorooshian-Tafti 1989). Coincident load factors (LFs) for office buildings are not
known with precision, so the calculations in Tables 11.5 and 11.6 assume that the office
coincident load factor isthe same as that for the commercial sector asawhole. Every kWh
of electricity usein the commercia sector (LF=53%) contributes 17% more to peak demand
than 1 kWh of electricity use elsewherein the utility system.

Vacancy Rates

Figure I1.18 shows vacancy rates for leased office space in selected cities and for
the U.S. as a whole. The lines for Dallas, Houston, and Denver show the potential
volatility of thisindicator in the face of regiona economic cycles. Because of the oil Slump
and the 1982 recession, vacancy rates in Texas and Colorado increased from 4-8% in 1980
to 22-27% in 1983, and current vacancy rates in these areas range from 27-32%. The U.S.
average vacancy rate increased from about 5% in 1980 to 19.2% in 1988. In generdl,
vacancy rates for new officeswill be lower than these averages, since new buildings offer
many amenities unavailable in buildings constructed prior to widespread use of computer
technology (see Chapter 1V for more details).

Operating Hours

Table 11.4 shows typical operating hours for commercia buildings of various
types (Piette et al. 1988). All commercia buildings operate for more than 2400 hours per
year, according to these estimates. Three of the four estimates for offices are
approximately 2600-2700 hours, which are well below the average estimates for all
commercia buildings (more than 4000-4500 hours).

BASELINE ENERGY USE AND POLLUTANT EMISSIONS

This section explores the contribution of new commercial buildings to growth in
energy consumption, peak demand, and key environmental insults, and compares these
contributionsto current levels. Table 11.5 shows forecasted energy consumption and
peak demand in 1990 (and Table 11.6 shows growth in these parameters) for the entire
U.S, the U.S. electric power industry, the commercial building sector, and the office
building sector.

The forecasted energy consumption in Tables11.5 and 1.6 is based on the 1989
Annual Energy Outlook, published by the U.S. Department of Energy (US DOE 1989a).
The CO2 emissions factors are taken from Chernick and Caverhill (1989). The NOx and
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SOx emission factors for direct fuel combustion were derived using the 1985 emissions
inventory from the U.S. Environmental Protection Agency (Zimmerman et al. 1988) and
energy consumption estimates from the Monthly Energy Review (US DOE 1989c). The
NOy and SOx emission factors for electric utility fossil fuel combustion were derived from
the 1988 Electric Power Annual (US DOE 19884). The methodology for deriving these
estimates (and the rest of the numbersin Chapter 2) is contained in Appendix C.

Tablell.5 indicates that total U.S. primary energy consumption is forecasted to be
81.59 Quadrillion Btus (Quads or Q) in 1990, and 30 Quads, or about 37%, will be
consumed to generate electricity. The commercial sector is responsible for sixteen percent
of total primary energy consumption (13.39 Q), while offices are responsible for 3.8% of
total primary energy (3.08 Q). Table I1.6 shows growth in consumption, and it reveals that
the power sector contributes the bulk of growth in primary energy consumption (79%).
Largely because of growing electricity intensity, the commercial sector contributes 30% of
total growth in primary energy consumption. Offices are responsible for 30% of
commercial sector growth and 9% of total growth in U.S. primary energy consumption.

Total peak demand in 1990 is about 530 Gigawatts (1 GW=1 Billion kW), with the
commercia sector contributing 193 GW or 36% of the total, and offices contributing 10%
of thetotal. Total net generation will be 2850 TWh, of which about 31% (895 Twh) can be
attributed to the commercial sector, and 8% can be attributed to offices. Growth in total
peak demand and net generation will be about 14 GW (77.7 TWh) or 2.7% annually, while
for the commercial sector growth will be about 2.8% per year. The annua percentage
growth rates in both peak demand and net generation are higher than the growth rates in
primary energy consumption in the electric power sector because new power plants have
lower heat rates than existing ones.

Tables|l.5 and I1.6 aso show primary energy consumption broken out by fuel
type. Coal and non-fossil resources dominate the electric power sector, while oil, coal, and
natural gas contribute amost 90% of total primary energy for the U.S. as a whole. The
largest growth will be in non-fossil resources and in oil, for both the U.S. and the utility
sector. Estimates of fuel consumption for commercia buildings and offices include the
primary energy used to generate electricity used in those buildings.

The emissions estimates for CO2, NOy, and SOy, again reveal the importance of
the power sector. Electric utilities are responsible for about 1/3 of CO2 and NOx
emissions, and 2/3 of SO2 emissions. Commercial buildings are responsible for about
15% of total CO2 emissions, 11% of NOx emissions, and 22% of SO2 emissions. Offices
contribute 3-4% of CO2 and NOx emissions, and 5.7% of SO2 emissions. The electricity
sector is the dominant source of growth in these pollutants, contributing about 74% of the
growth in COp emissions, 57% of growth in NOyx, and 67% of the growth in SOx. The
commercial sector contributes about 29% of the growth in CO2, 20% of the growth in
NOy, and 22% of the growth in SOx. New offices contribute 8% of the growth in CO2
emissions, 6.1% of the growth in NOx emissions, and 7% of growth in SO2 emissions.

CONCLUSIONS

The commercial sector is an important contributor to growth in electricity
consumption, peak demand, and emissions of CO2, NOx, and SOy, principally because of
this sector's electricity intensity. This sector will be responsible for 1/3 of growth in
electricity consumption and peak demand in 1990, and for roughly 20-30% of total U.S.
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growth in COp, NOy, and SOx. Offices are responsible for 8-10% of growth in primary
energy consumption, electricity consumption, and peak demand, and for 6-8% of growth
in pollutant emissions. Many studies have estimated the economically justified energy
savings potential in new office buildings. If the technical energy savings potentia is 30-
60% (see Brambley et a (1988b) and Chapter I11), potentially significant reductions are
possible in growth of electricity use, peak demand, and environmental insults caused by
new commercial buildings.
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Table11.1. Gross Additionsto U.S. Floor Area 1975-1987  (Million
sf)
Resid Comml Manufacturing Educational Hospital Other | Total
1975 | 1441 409 146 152 63 179 | 2390
1976 | 1867 440 152 118 71 172 | 2820
1977 | 2440 564 175 112 66 180 | 3537
1978 | 2815 758 219 104 53 153 | 4102
1979 | 2528 816 243 102 57 160 | 3906
1980 | 1892 688 216 95 54 147 | 3092
1981 | 1620 733 187 74 60 124 | 2798
1982 | 1497 571 119 74 70 112 | 2443
1983 | 2349 647 110 74 83 115 | 3378
1984 | 2396 808 145 90 70 123 | 3632
1985 | 2414 939 159 100 73 137 | 3822
1986 | 2578 869 147 116 73 144 | 3927
1987 | 2358 849 155 126 79 157 | 3724

Commercial includes mercantile and service, non-industrial warehouses, and
offices. Gross additions are used both to replace demolished buildings and to
meet growth in demand for floor area.

Source: Statistical Abstract of the U.S. (Census 1988) Table 1224.
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TableIl.2. Regional Distribution of Office Buildings 1986

#Buildings  %of | Floor Area  %of | Area/Building
CENSUS Thousands  Total M sf Total k sf
DIVISION
New England 30 4.9% 535 5.6% 17.83
Middle Atlantic 61 9.9% 1247 13.1% 20.44
E. N. Central 109 17.8% 1901 19.9% 17.44
W. N. Central 44 7.2% 634 6.6% 14.41
S. Atlantic 105 17.1% 1305 13.7% 12.43
E. S. Centra 60 9.8% 620 6.5% 10.33
W. S. Centra 73 11.9% 914 9.6% 12.52
Mountain 41 6.7% 671 7.0% 16.37
Pacific 91 14.8% 1720 18.0% 18.90
CENSUS
REGION
Northeast 91 14.8% 1782 18.7% 19.58
Midwest 153 24.9% 2535 26.6% 16.57
South 238 38.8% 2839 29.7% 11.93
West 132 21.5% 2391 25.0% 18.11
TOTAL 614 100% 9547 100% 15.55

N = North, E = East, S = South, W = West.

Source: Non-Residential Buildings Consumption Survey (US DOE 1988b), Tables
13 and 14.
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Table I1.3. Size Distribution of Office Buildings 1986

#Buildings %of | Floor Area %of | Area/Building

BUILDING SIZE | Thousands Total M sf Total K sf

1001-5k sf 343 55.8% 1003 10.5% 2.92

5001-10k sf 133 21.6% 989 10.4% 7.44

10001-25k sf 74 12.0% 1284 13.5% 17.35
25001-50k sf 35 5.7% 1227 12.9% 35.06
50001-100k sf 15 2.4% 1047 11.0% 69.80
100001-200k sf 8 1.3% 1081 11.3% 135.13
200001-500k sf 5 0.8% 1540 16.1% 308.00
>500k sf 2 0.3% 1375 14.4% 687.50
1001-25k sf 550 89.4% 3276 34.3% 5.96

25001-100k sf 50 8.1% 2274 23.8% 45.48
> 100k sf 15 2.4% 3996 41.9% 266.40
TOTAL 615 100% 9546 100% 15.52

Source: Non-Residential Buildings Consumption Survey (US DOE 1988b), Tables
16 and 17.
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Average

Operating Hours for Commercial Buildings

Annual

Building Type Satonetal. SCE PG&E NBECS
Restaurant 5200 3361 3650 4264
Hospital 6000 6396 5840 --
Retall 4020 2867 5110 3276
Hotel/Motel 6090 7167 -- 7904
Office 2730 2610 4380 2652
Warehouse 3120 2631 -- 2756
School 2600 2818 3258 2392
Grocery 6240 4514 5110 5044
Average 4440 4395 4558 4041

One Y ear = 8760 hours

Source: Piette et a. (1988)
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Tablell.5. Estimated Commercial and Office Building Contribution to
Energy Use, Peak Demand, and Environmental I nsults 1990

Totals 1990
U.S. U.S. Electric  Commercial Office
Total Power Sector Sector Sector
ENERGY INDICATORS
Total Primary Energy (Q) 81.59 30.00 13.39 3.08
Non-Electric Direct Fuel Use 51.59 0.00 3.97 0.558
Net Generation (Q)* 30.00 30.00 9.42 252
Peak Demand (GW) 529 529 193 52
Net Generation (TWh) 2849 2849 895 240
Primary Energy by Fuel (Q)**
Natura Gas(Q) 18.48 2.96 3.66 0.66
Qil (Q)| 3044 1.32 1.65 0.26
Coa (Q) 23.18 16.23 5.10 1.37
Non-Fossil (Q) 9.49 9.49 2.98 0.80
ENVIRONMENTAL
INSULTS
CO2 (10e6t C) 1461 487 215 50
% of U.S. Total 100% 33% 15% 3.4%
NOXx (10e3 t NOx)*** 22885 7081 2563 641
% of U.S. Total 100% 31% 11% 2.8%
SOx (10e3 t SO2)*** 26027 16880 5816 1482
% of U.S. Total 100% 65% 22% 5.7%

Sources: Annual Energy Outlook (US DOE 1989a), NERC (1989),
Chernick and Caverhill (1989), Zimmerman et al. (1988), EIA Monthly Energy Review
February 1989 (US DOE 1989c), Sorooshian-Tafti (1989)

*T&D losses = 0.06
Average Heat Rate 1990 (Btug’kWh) 10530
with losses 11162

**Primary energy for fuel includes primary energy used for generation of electricity.
Direct fuel use in comml sector (1990) = 2.73Q gas and 1.24Q ail + other.
***UStotal includesindustrial processes that emit ~13% of SOx and ~5% of NOx

ASSUMPTIONS: 1 ton = 2000 Ibs. Pollution emission factors are from Appendix C.
Commercial and Office Coincident Load Factor = 0.53 from SCE (Sorooshian-Tafti).
U.S. load factor 1990 = 0.615 from NERC forecast
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Tablell.6. Estimated Commercial and Office Building Contribution to
Energy Use, Peak Demand, and Environmental Insults 1990-91

Annual Net Growth
1990-91
U.S. U.S. Electric  Commercial Office
Total Power Sector Sector Sector
ENERGY INDICATORS
Total Primary Energy (Q) 0.87 0.69 0.26 0.08
Non-Electric Direct Fuel Use 0.18 0.00 0.04 0.007
Net Generation (Q)* 0.69 0.69 0.22 0.07
Peak Demand (GW) 14.1 14.1 5.35 1.71
Net Generation (TWh) 77.7 77.7 24.9 7.94
Primary Energy by Fuel (Q)**
Natura Gas (Q) 0.14 0.04 0.043 0.009
Qil (Q) 0.27 0.20 0.074 0.022
Cod (Q) 0.17 0.16 0.051 0.016
Non-Fossil (Q) 0.29 0.29 0.093 0.030
ENVIRONMENTAL
INSULTS
CO2 (10e6t C) 11.7 8.7 34 1.0
% of U.S. Total 100% 74% 29% 8.4%
NOx (10e3 t NOx)*** 153 87 30.8 9.4
% of U.S. Total 100% 57% 20% 6.1%
SOx (10e3 t SO2)*** 242 162 54.2 16.9
% of U.S. Total 100% 67% 22% 7.0%

Sources. Annua Energy Outlook (US DOE 1989a), NERC (1989), Chernick and Caverhill
(1989), Zimmerman et al. (1988), EIA Monthly Energy Review February 1989 (US DOE
1989c), Sorooshian-Tafti (1989)

*T&D losses = 0.06
Marginal HR 1990-91 (Btus’/kWh) 9286
with losses 9843

**Primary energy for fuel includes primary energy used for generation of electricity.
Direct fuel use in comml sector (1990-91) = 0.03Q gas and 0.01Q ail + other.
***JStotal includesindustrial processes that emit ~13% of SOx and ~5% of NOx

ASSUMPTIONS: 1 ton = 2000 Ibs. Pollution emission factors are from Appendix C.

50% of electricity growth is assumed to be supplied by new plants meeting the

New Source Performance Standards, and 50% is supplied by existing plants. Commercial and
Office Coincident Load Factor = 0.53 from SCE (Sorooshian-Tafti).

Load factor of growth 1990-91 = 0.627 from NERC forecast
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Note: Figures 1.1 through 11.18 are not included in this PDF file. Contact the author at
JGKoomey@Ibl.gov or 510/486-5974 to obtain copies.
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CHAPTER IIl: TECHNICAL EVIDENCE FOR MARKET FAILURES
AFFECTING ENERGY EFFICIENCY OF NEW OFFICE BUILDINGS

INTRODUCTION

This Chapter examines the technical evidence for the existence of market failures
affecting the energy efficiency of new office buildings, based on previous analyses of
whole building energy use, as well as studies of individual efficiency technologies. It also
derives arough estimate of the savings potential in new offices, for use in the economic
analyses in later chapters. The second section of this Chapter presents the nature of the
technical evidence, examining the conditions under which the existence of cost-effective
energy conservation implies the existence of market failures. The third section reviews the
results of previous studies and regulatory decisions relating to efficiency of new office
buildings. The fourth section presents information about a few representative efficiency
technologies that allow new office buildings to cost-effectively exceed the efficiency
mandated in the new standards for Federal non-residential buildings.

THE NATURE OF THE TECHNICAL EVIDENCE

Technical analyses often indicate substantial potential for cost-effective
improvementsin the energy efficiency of new office buildings. For instance, Brambley et
al. (1988b), who have participated in many such analyses, state that

at least 15% of the energy now used in new [commercial] buildings could be saved
using existing energy-efficient building design knowledge. If additional measures
requiring modest additional first cost (with payback periods of less than 3 years) are
considered, this estimate increases to approximately 30% to 40%. Early building
system integration research suggests that by using building subsystem integration
techniques, savings of 60% could be achieved.

Engineering analyses and successful utility programs provide tangible evidence for the
existence of such efficiency improvements and the market failures they imply. However,
the robustness of this evidence is dependent on the accuracy of the analyst's
characterization of current building practice, as well as assumptions about fuel price
escalation and discount rates.

What are the conditions under which the existence of untapped energy efficiency
impliesthe existence of market failures? In principle, a single device that offers a cost of
conserved energy! that is less than the electricity price but is not used in all new office
buildings is evidence for market failures affecting the adoption of that investment.
However, there are a number of subtletiesin using engineering-economic analysesto infer
the existence of market failures.

Suppose an extremely cost-effective efficiency investment (e.g., an efficient
€l ectromagnetic/core-coil ballast for fluorescent lights) is available off-the-shelf and in large
guantities, yet is not being used in all suitable applications. Either there are hidden costs

1CCE equals the annualized cost of aninvestment divided by the annual kWh savings, and is expressed in
$/kWh. For these calculations, CCE must be a measure of societal cost, based on a societal discount rate.
The discount rates of consumers are not relevant to this calculation, except to explain why they don't invest
in these efficiency measures.
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that have not been included in the calculations, parameters that have been incorrectly
specified in the calculations, time lags between the introduction and the acceptance of a new
technology, or market failures inhibiting the adoption of this option.

Hidden Costs : engineering-economic calculations must include all societal costs of
efficiency measures, and should hold the level of service or level of amenity constant in any
consistent calculation of the cost of conserved energy. Other costs that may not be included
in the calculations include sales taxes, income taxes, property taxes, additional maintenance
costs due to the efficiency measure, search costs for the information describing the device,
risk costs associated with changing to a new device, or additional installation costs due to
unique circumstances.

In the case of the efficient core-coil ballast, none of these conditions are important—-
this device provides equivalent amenity and longer lifetime than its inefficient counterpart.
It is widely available and is based on well-known, proven technology. The similarity
between this device and the one it replaces insures that hidden costs are unlikely to be
important in this case

Incorrect Parameter Specification :  engineering calculations may overstate the
benefits of energy efficiency by calculating energy savings with respect to a base case
building or device that is less efficient than currently designed new buildings or new
devices. Building prototypes based on average characteristics may submerge important
details and may not contain all available efficiency technologies, due to limited funding for
such analyses. Incorrect estimation of operating hours may also affect these calculations.

Since we know that about 90%?2 of the fluorescent ballasts sold inthe U.S. in 1987
would have been of the inefficient core-coil variety without state standards (see Chapter 1),
and we know that efficient core-coil ballasts are cost effective when operated more than 600
hours/year, and we know that all types of commercial buildings operate for thousands of
hours every year (Table 11.4), we can conclude that incorrect specification of operating
hours (within reasonable bounds) will not affect the results from this calculation. The other
parameters are irrelevant because efficient core-coil ballasts are perfect substitutes for
inefficient ballasts (except with respect to energy savings and lifetime, where they are
superior substitutes).

Time Lags : Relatively new technologies may take time to be understood and
accepted in the design community.3 Manufacturers may need years to produce a new
technology on sufficient scale to saturate the market. Efficient electromagneticballastshave
been on the market for many years, so time lags probably do not explain commercial
customers' reluctance to purchase them.

The existence of devicesthat are based on proven technology, which save energy at
acost below the price of energy, which meet the conditions stated above (no hidden costs
and correct parameter specification), and have not been adopted over many years, does
indicate market failures. Since efficient core-coil ballasts satisfy all these conditions,

2Thisfigureincludesa correction for sales of efficient ballasts in states with laws prohibiting the sale of
inefficient ballasts. States with such laws in place by the end of 1987 comprised about 25% of the U.S.
popul ation.

3The time and effort needed to learn about new technologies is another hidden cost, which is likely to be
greatest when these new technologies are introduced extremely rapidly.
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market failures must be inhibiting their adoption.4 Fluorescent ballasts are found in almost
every new commercial building (and are ubiquitous in offices) which suggests that market
failures affecting the adoption of efficient core-coil ballasts may be widespread in the
commercial sector and may affect the adoption of other cost-effective devices as well.
These market failures are explored in Chapter 1V.

REVIEW OF PREVIOUS STUDIES

This section explores the studies and building efficiency regulations that indicate
substantial potential for improvement in the efficiency of new office buildings in the U.S.
The studies span many years, and have been completed for different areas of the U.S. The
main purpose of thisreview isto calculate a rough estimate of the untapped conservation
potential in new offices. It aso notes where the results of previous studies may indicate
market failures.

Redesign of New U.S. Buildings Using Computer Smulations

In the late 1970s, scientists, engineers, and architects participated in the Federal
Government's efforts to analyze the economics of Building Energy Performance Standards
(BEPS) for new residential and commercial buildings. The first stage of the analysis for
commercia buildings involved evaluation of over 1600 buildings that were constructed in
the mid-1970s, using computer simulation tools (principally DOE-2) and data supplied by
participants in the design and construction process (Stoops et a. 1984).

From this large sample, 168 buildings were chosen for further analysis. Each
building was then redesigned by teams of architects who were constrained by the
characteristics of the original site and project budget. Passive solar techniques and
efficiency options were allowed in these redesigns, while active solar technologies
generally were not. The overall energy use was 38 percent less than the original designs,
when averaged over all commercial building types.

The redesigned buildings included 22 offices, half of which were smaller than 50
thousand square feet (ksf), and half of which were larger. Savings for offices averaged 50
percent for buildings less than 50 ksf, and 42 percent for those larger than 50 ksf. The
capital cost of the office redesigns averaged 3.5 percent higher than the original designs. If
the original designs cost $60/sf> and used energy costing roughly $1.50/sf/year, the smple
payback time of the added investment would be about three years. These redesigns were
thus extremely cost effective from the societal perspective.

Improvements in typical new building efficiency have occurred since the mid-
1970s, when most of the redesigned buildings were first constructed. Therefore, the
results from the BEPS redesign analyses cannot be used to infer the potential size of cost-
effective efficiency improvements in current new offices. However, they suggest that

4As of January 1990, only efficient core-coil and solid state ballasts may be sold in the U.S. The
inefficient core coil ballasts were outlawed by an amendment to the National Appliance Energy
Conservation Act of 1987.

5Stoops et al. do not give actual cost per sf estimates averaged over all the redesigns, so | chose this
plausible estimate to do arough calculation.
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market barriers may have in the past inhibited new buildings from taking advantage of all
cost-effective energy efficiency.

Analysis of U.S. Building Prototypes Using Computer Smulations

Related to the BEPS redesign project was concurrent analysis to analyze the
feasibility and economic attractiveness of the ASHRAES 90-1975 building efficiency
standards. This research, first conducted by the American Institute of Architects and later
moved to Pacific Northwest Laboratory (PNL), has continued through the 1980s, and now
includes analysis of building standards that exceed 90-1975 in stringency.

Most state building standards in the 1980s are based on 90-1975, 90A-1980, or
comparable standards (EPRI 1988c, NCSBCS 1985). Some codes, such as the
California Building Standards and the Model Conservation Standards (MCS) in the Pacific
Northwest, include requirements similar in stringency (at least in some cases) to the
recently published ASHRAE standard (90.1-1989). The Federal Government has just
instituted mandatory standards for Federal buildings that exceed 90.1-1989 in some cases
(these standards are voluntary for non-Federal buildings).

The analysis of the technical and economic aspects of these building energy
performance standards involved computer simulations of the energy use of three office
building prototypes, as well as prototypes for other types of commercia buildings (PNL
1983). The office prototypes in the earlier analyses were a 2.5 ksf bank, a 50 ksf
suburban office, and a 684 ksf large office building.” Detailed capital cost analyses
accompanied the building energy simulations, based on engineering cost estimation. Life-
cycle costs were then calculated based on energy prices, the energy intensity of each
building, and the capital costs needed to reach a given standard level.

Table 111.1 shows the essential characteristics of the most recent prototypes
defined in the PNL analyses for small, medium, and large office buildings. Table 111.2
shows recent results of the PNL simulation runs for these buildings, in terms of site energy
use per square foot® (and fraction of the 90A-1980 standard level) for each prototype, at the
various standard levels, using Washington, DC weather.® The 90.1-1989 standard
reduces site energy consumption by 6 percent for the small office, 12 percent for the
medium office, and 7 percent for the large office (compared to 90A-1980 levels).

6American Society of Heating, Refrigerating, and Air Conditioning Engineers.

7The most recent PNL analyses (1989) used alarge office building floor area of 797 ksf, which corresponds
to that of the large building included in TablesI11.1 and I11.2.

8For comparison, the NBECS estimate for all offices built between 1980 and 1986 is about 101.6 kBtus/sf
of site energy. This number is higher than the site energy of the medium and large offices in Table I11.2,
and lower than that estimated for small offices. Differences between simulation analyses and actual building
energy use can occur because assumptions about internal loads, occupant behavior, and equipment usage can
diverge from actual conditions. The results of such analyses, which analyze the differences in energy use
between different cases, do not depend as heavily on the absolute value of these assumptions as analyses
that attempt to estimate actual energy use of real buildings using simulation models.

9The PNL analyses used different combinations of HVAC systems and building shells. This table shows
only one of these combinations for small, medium, and large offices. Washington, DC has weather that is
close to the population-weighted average climate for the U.S.
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The analysis of standard 90A-1980 for these prototypes determined that the
standards were cost-effective in all areas of the country, with payback times usually less
than two years compared to 90-1975. The more stringent standards that evolved into 90.1-
1989 were found in general to be cost-effective from the societal perspective, often offering
payback times of less than two years. In many cases these standards allowed significant
down-sizing of Heating, Ventilating, and Air Conditioning (HVAC) equipment, which
reduced capital costs (PNL 1983).

Redesign of New California Building Prototypes Using Computer Simulations

The California Energy Commission (CEC) reevaluated the Title 24 minimum
efficiency standards for non-residential buildings in the early 1980s. The CEC used
prototypical buildings and a methodology similar to that used in the PNL analyses (above)
to analyze standards similar in stringency to ASHRAE 90.1-1989. The analysisincluded a
variety of assumptions about discount rates, tax rates, fuel prices, and length of analysis
period (Borden et a. 1982).

The CEC analysis found that the new standards under consideration were cost
effective to society in the base case and in every single sensitivity case. The standards
resulted in minimum life-cycle costs (LCCs) 10 for office building investors in most cases,
using avariety of different discount rates. When the standards did not result in minimum
LCC for investors, the difference in life-cycle costs between the minimum LCC and the
estimated L CC was afew percent of the minimum LCC.

Redesign of New Northeast U.S. Building Prototypes Using Computer Simulations

Northeast Utilities, based in Hartford, CT, conducted an analysis in the mid-1980s
to show that new office buildings can be designed that save significant amounts of energy
relative to current practice, but cost no more than conventional buildings to construct (NU
1988, Wajcs and Kroner 1988). Their analysis, which was similar in approach to the
BEPS redesign effort (above), used a prototypical 60,000 square foot office building. They
calculated energy consumption using the DOE-2 building simulation model, and cal culated
capital costs using standard cost estimating techniques. The base-case building "exceeded
the minimum building envelope standards’.

The results of this work are shown in Table [11.3, which shows that the
improved base case building uses 36 percent less electricity and 32 percent less total
energy. Natural gas use increased 17 percent to compensate for reduced internal gainsin
winter. The analysis also found that peak electricity demand fell by 51 percent, and the
total energy hill fell by 37 percent (Wajcs Jr. and Kroner 1988).

The overal first cost for the improved base-case building did not increase over the
origina design. In some cases (e.g. lighting efficiency and controls) the overall capital cost
of the building fell dightly, because the more efficient technology allowed the use of a
smaller and less expensive HVAC system.

The one measure considered in the Northeast Utilities analysis that might not strictly
be considered an energy efficiency measure is that of reducing glazing area. While this

10Life-cycle cost is a term used in engineering economics that is equal to the present value of capital,
operating, maintenance, and other costs over the life of the building.
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technique does save both electricity and natural gas, it changes the design of the building
and may in some cases lead to decreased amenity. If people derive benefit from looking
through vast expanses of window, this benefit may be reduced. On the other hand, less
window area means more comfort, since the mean radiant temperature of a wall will be
closer to the desired room temperature than that of a window. Changing the orientation of
the window areamay also slightly affect amenity, but it can substantially influence energy
consumption (see the BEPS redesign work above). In any case, this measure accounts for
only afew percent of the total savings.

In summary, the Northeast Utilities analysis shows that typical new office buildings
(corresponding to current practice) can be redesigned to save significant amounts of energy
at no increase in first cost. This result, which is more recent that those from the BEPS
redesign and is based on well known, widely available technology, may indicate that
market failures are preventing such efficiency measures from being incorporated into new
offices.

Energy Edge Design Assistance Program

In 1984, the Bonneville Power Administration (BPA) instituted the Energy Edge
Design Assistance Program. This program offered design assistance and financial
incentives to designers of new, all-electric, commercial buildings that use 30 percent less
energy than buildings meeting the region's Model Conservation Standards (see below).
Twenty nine buildings were chosen, al of which will be monitored for three years from the
time they reach 70 percent occupancy. The monitoring will end in 1992 for the last
building constructed (Vine and Harris 1988b).

Pre-monitoring estimates indicate that these commercial buildings will reduce
energy consumption by 36 percent compared to the Model Conservation Standards, with a
range of 30 to 50 percent savings. The average cost of conserved energy for these
improvements is $0.023/kWh (based on estimated savings) (Vine and Harris 1988b). This
CCE compares favorably to both the 1988 national average electricity price of $0.066/kWh
(1989 $), and to electricity pricesin the Northwest of about $0.05/kWh.

Measured Data on Energy Use of New Office Buildings

BECA-CN!! js Lawrence Berkeley Laboratory's ongoing compilation of energy
consumption of new commercial buildings. These data are important because they are not
based on simulations but on measurement of the energy use of 152 actual buildings. About
2/3 of the buildingsin the sample are office buildings. About 3/4 of the offices have floor
areas greater than 50 ksf (large offices). Most of these buildings are award-winning
"energy-efficient” buildings.

These data clearly show no correlation between construction cost of office buildings
and resourcel? energy use. For large offices, buildings with the same capital cost can vary
in resource energy intensity by more than a factor of two. Buildings with the same

11BECA = Building Energy Compilation and Analysis

12 Sjte energy includes the higher heating value of fuels and the heat value of electricity consumed on site
(measured as 3412 BtuskWh). Resource energy adjusts the heat value of electricity to account for
generation, transmission, and distribution losses.
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resource energy intensity can vary in capital cost by a factor of more than two and a half.
Small offices show even greater variation (Piette and Riley 1986, Piette et al. 1985). These
data show that offices with low capital costs can also have low operating costs, and offices
with high capital costs can have high operating costs.

Measured Data on Energy Use of Passive Solar Commercial Buildings

The U.S. Department of Energy's (DOE's) Passive Solar Commercial Building
Program involved design, construction, and monitoring of nineteen new buildings that
used high-efficiency construction and passive solar techniques (there were also major
retrofits of four existing buildings) (US DOE 1983). Only two of these buildings were
offices--most of the rest were schools, libraries, and community centers. The buildings in
the experiment were comparable in cost to ordinary new buildings, but used about half the
energy for space conditioning and lighting end-uses. Energy use in the miscellaneous end-
use was larger than for comparable buildings in some cases. Tota energy use was 45%
lower than in comparable conventional buildings (Gordon et al. 1985, Hirst et al. 1986,
Vine and Harris 1988b).

Building Efficiency Sandards

Federal Sandards: In January 1989 the Federal Government established minimum
standards for the efficiency of new buildings constructed under government contract.
These standards can be either performance-based or prescriptive. They are similar to but
more stringent than the ASHRAE 90.1-1989 standards for new commercial buildings, and
are mandatory for new federal buildings. The more stringent second phase of the standard
will go into effect in 1993. When referring to the Federal standards in the rest of this
dissertation, | mean the 1993 standards (unless otherwise specified).

The U.S. government will purchase, own, and operate these buildings, and hence
will pay the increased first cost as well as the operating costs. The Interim Rule for these
standards indicates that they "have already been analyzed for life-cycle cost effectiveness
and have been found to be cost effective for the buildings tested" (US DOE 1989b,
p.4539). The government would not need to set minimum efficiency standards for its own
new buildings if all contractors were currently meeting those standards. Therefore, the
buildings constructed by these contractors in the recent past must not meet these standards,
in spite of the cost effectiveness of the efficiency levels mandated by the legidation. As
shown in Table 111.2, the 1993 Federal Standard reduces site energy consumption by 13
percent for the small office, 19 percent for the medium office, and 17 percent for the large
office (compared to 90A-1980 levels).

The Northwest Power Planning Council's MCS : The Northwest Power Planning
Council (NPPC) established Model Conservation Standards for new commercial buildings
in 1983. These standards were roughly equivalent to the ASHRAE 90A-1980 standards,
but included lighting efficiency standards stricter than those in 90.1-1989. NPPC revised
these standards in 1989 to tighten the envelope and HVAC requirements to correspond
more closely to the more stringent Federal standards and the standards adopted by Oregon,
Washington state, and the City of Seattle. The NPPC believes that these more stringent
efficiency standards are economically justified from the societal perspective (NPPC 1989c).

Utility Programs
Some utilities now offer programs to improve the efficiency of new construction,

either through technical assistance, rebates, or both. After a review of seventeen such
programs, Nadel (1990) concludes that some programs "have achieved energy savingsin



51

participating buildings as high as 30%. Even higher savings may be possible if incentives
are provided for additional cost-effective measures’.

Utilities have less experience with programs affecting the efficiency of new
commercial buildings than with those for existing buildings. About half of the new building
programs Nadel surveyed were started in 1988 or 1989, and only two started before 1984.
The cost of these programs ranges from less than 1¢/kWh for simple rebate programs to
about 8¢/kWh for the most expensive comprehensive programs that deliver both design and
financial assistance (not all comprehensive programs are this expensive).

These programs are usually able to purchase energy efficiency at a cost lessthan the
price of eectricity, which suggests either that there are market failures or that participantsin
these programs are misleading the utilities by stating that they will build an inefficient new
building if they are not given money (i.e., they are gaming the process). As Nadel points
out, many utilities have avoided such "free rider" problems by offering rebates only for
those efficiency options that are not in common use in new construction practice. As
current practice changes, rebate programs must change also.

Utility programs can provide direct empirical evidence for specific market failures,
by assessing market response to incentives and information programs. However, there are
not sufficient numbers of carefully documented programs for new offices to draw detailed
conclusions about specific market failuresin this sector (using this evidence).

COST-EFFECTIVE EFFICIENCY TECHNOLOGIESFOR NEW OFFICES

This section does not attempt detailed engineering-economic analysisin the manner
of the BEPS or Northeast Utilities analyses described above. Rather, it seeks to present the
cost and rough savings potential for afew commercially-available technologies that allow
designers to exceed the 1993 Federal standards, including those affecting space
conditioning, lighting, and electric motors. These estimates may be further indication of
market failures afflicting energy efficiency investmentsin new offices, since many of these
technol ogies have been on the market for years.

Referring to the PNL prototypes for small, medium, and large buildings will help
structure the discussion when distinctions by building size are warranted.  Unless
otherwise noted, requirements and energy savings numbers correspond to Washington,
D.C. weather, and all costs are national average values in 1989$, adjusted using the
consumer price index and a 1989 inflation rate of 5 percent.

Glazing

In new buildings, adjusting glazing orientation or reducing glazing area can often
save energy at small cost. The PNL analysis did not consider these options. However,
both the BEPS and the Passive Solar redesign exercises reveal that significant reductionsin
new office energy use may be achieved by using such techniques.

Glazing in al offices can benefit from low-emissivity (low-E) coatings that reflect
infrared radiation. These coatings reduce summer heat gain from solar infrared radiation,
thereby reducing cooling loads. They are distinct from tinted or reflective glazings, which
reflect visible light and are aso highly cost effective. In winter, low-E coatings reflect heat
back into the building and increase the mean radiant temperature of the window so that
occupants feel warmer at any given air temperature.
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These glazings can, in conjunction with daylighting controls, result in large savings
in building capital costs, because these measures reduce peak cooling demand and required
chiller size. Sweitzer et al. (1986) estimate that low-E glazings can reduce total e ectricity
consumption in perimeter zones by afew percent, can reduce heating energy in those zones
by more than 30 percent, and can reduce peak electric demand by 3 to 7 percent, depending
on climate and other factors.13 Gilmore (1986) reports that double-paned low-E glazings
typically sell for 10-15% more than standard double-paned windows. At $10/sf of glazing
area, this amounts to incremental additional costs of $1-1.50/sf.

Lighting Efficiency

In 1993, the Federal standards mandate that lighting power budgets will drop by
26% from 1990 levels, so this analysis proceeds from the lighting efficiency levels
mandated in 1993. While the standards lighting requirements can be met using
combinations of lighting controls and more efficient lighting, | assume that the 1993
lighting levels are met using efficient lighting technol ogies aone.

For large buildings, | assume that designers must use al available efficiency
technologies (including electronic ballasts, T-8 or T-10 lamps with thin coat phosphors,
and state-of -the-art fixtures) to meet the strict lighting standards (1.1 W/sf). | assume that
the more lenient lighting standards for small (1.27-1.4 W/sf) and medium-sized (1.22
W/sf) offices can be met without the electronic ballast but do include the other efficiency
measures. Using such efficiency technologies to reach the required lighting power has a
simple payback of less than two years (Rubinstein 1990).

The cost effectiveness of electronic ballasts has aready been illustrated in Chapter |
and has been documented extensively (Piette et al. 1988, Rubinstein et al. 1986). These
ballasts usually operate at high frequency (tens of kilohertz) and save energy by reducing
losses in the ballast itself, increasing the efficacy of the lamps, and alowing use of
sophisticated controls (Lovins and Sardinsky 1988). Piette et al (1988) calculate that in
two retrofit applications the cost of conserved energy for installing an electronic ballast in
place of an efficient core-coil ballast ranges from 2.6 to 3.3 ¢/kwh in their most pessimistic
case.14 Sincethese costs are lower than the average price of commercial sector electricity
in 1988 (7.4¢/kWh in 1989%), and installation of solid state ballasts in new offices will
have much lower costs than retrofits, solid state ballasts should be dominating the
marketplace.

The case of electronic ballasts is one where the analyst must be circumspect in
drawing inferences regarding market failures. These devices were developed in the 1970s
but suffered from reliability problems when first introduced in the U.S. in 1979. By the
early to mid-1980s, these problems had been substantially reduced or eliminated. Lovins
and Sardinsky (1988) report that shipments of electronic ballasts increased at about 60
percent per year from 1982-1986, which indicates rapid acceptance. However, these
devices till only account for a few percent of current ballast sales in the U.S. If the
growth in electronic ballast sales halts before they completely dominate the market, that

13 Assumes double glazing and daylighting. Results as stated hold for Madison, WI and Lake Charles LA,
for window to wall ratios from 25% to 75%.

14This case assumed that the lights operated 3000 hours per year, the ballasts were purchased at retail cost,
and the existing ballasts were replaced in the middle of their useful life. The calculation also assumed 7
percent real discount rate.
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slowing of sales will indicate market failures at work (assuming there are no unforeseen
manufacturing constraints).

Lighting Controls

The costs and energy savings of lighting controls are as well documented as those
for electronic ballasts (Lovins and Sardinsky 1988, PG& E 1989, Rubinstein and Karayel
1984, Rubinstein et al. 1984, Verderber et al. 1989, Verderber and Rubinstein 1984). In
fact, the use of solid state ballasts makes sophisticated control strategies less expensive,
although electronic ballasts are not necessary for such controls. Controls are used to
compensate for lumen depreciation over time, to automatically turn lights off in unoccupied
rooms (occupancy sensing or scheduling), to "task-tune" ballasts in specific areas to lower
lighting levels when appropriate, and to dim lights in response to incoming daylight
(Verderber 1984). The focus here is mostly on daylighting for energy savings and
evidence of market failures, but the analysis could apply equally well to other control
strategies.

Rubinstein and Karayel (1984) measured savings from daylighting a large San
Francisco office building. They found that savings ranged from 25 to 35 percent of
lighting energy consumption in the daylit area. TableI11.2 shows that daylighting adds an
additional 4 to 6 percentage points to total energy savings relative to 90A-1980, assuming
that the building prototypes are not redesigned. New buildings that are designed
specifically for daylighting can achieve even higher savings (Verderber et al. 1989).15
Usibelli et al. (1985) confirm that this control strategy offers energy savings, peak demand
savings, and substantial reductionsin HVAC capital cost that offset much of the cost of the
controls. Studies that do not consider the capital cost savings in HVAC systems find
simple payback times for daylighting alone or for daylighting plus other strategies from two
to three years (Verderber et a. 1989, Verderber and Rubinstein 1984).

Daylighting is not commonplace in new U.S. offices, but daylit buildings, if
properly designed, should offer the same lighting levels as conventional buildings, at
substantially lower life-cycle cost. Isthisomission an indication of market failures?

Designing buildings to take full advantage of such control strategies requires
substantially more skill and effort than designing "current practice” buildings that are
similar to the last building designed, since they involve complex interactions between
lighting, fenestration, and HVAC systems. Many architects and engineers are not familiar
with the technologies involved (even though daylighting and occupancy sensors have been
available and cost effective for many years). There is risk involved in implementing an
unfamiliar technology, and many architects and engineers are reluctant to specify
"innovative" technologies for fear of lawsuits. Chapter IV explores these issues in more
detail.

Electric Motor Efficiency
"Energy-efficient” motors are 3-8% more efficient than their standard counterparts,

mainly because better materials are used in construction (Usibelli et al. 1985).  Efficient
motors are similar to efficient core-coil ballastsin that they offer arelatively "clean" case of

5L ighting energy savings for combination strategies using daylighting, lumen depreciation, occupancy
sensing, and task tuning can range from 60 to 70 percent (in the daylit area) for offices with daylit areas
comprising 10 to 60 percent of total floor area (see Verderber and Rubinstein 1984).
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market failures inhibiting the adoption of a proven and cost-effective technology. The
efficient motors are identical to the standard motors except for their energy use and their
capital cost.

Table 111.4 shows the minimum acceptabl e full-load efficiencies mandated by the
Federal Standards for single-speed polyphase motors, and Table [11.5 shows efficiency,
capital costs, energy savings, and cost of conserved energy for efficient motors of various
sizesin commercial buildings, based on estimates from Miller et al. (1989).16 Miller et
a.'s estimates of the efficiency of standard motors are comparable to the efficiencies
contained in the Federal Standards (similar estimates for industry average efficiencies are
contained in Magnetek (1989)). The Federa Standards therefore do not promote the use of
the more efficient motor technology. Efficient motors greater than 5 hp in size save
electricity at costs of conserved energy less than $0.032/kWh, indicating that market
failures must be inhibiting their adoption.

Electric Motor Controls

Mechanical and electronic adjustable speed drives (ASDs) adjust the speed of
electric motors to more closely match the load, while mechanical adjustable speed drives
change the speed of the driven load while keeping motor speed constant. They are widely
used and highly cost effective in large buildings, both in new and retrofit applications.
Medium-sized office buildings can save roughly 5 percent of total electricity consumption
by controlling HVAC fan motors with variable speed drives, though under national average
conditions (Washington, DC weather and commercia sector electricity pricesof 7.4¢/kWh)
this application is not cost effective enough in medium-sized buildings to make a
compelling case for market failures preventing its adoption.1’ The technology is so cost
effective for larger buildings that if some such buildings are not using it, market failures
must be at work.

ASDsfor small buildings are currently used in packaged heat pump units intended
for residential and small commercial use. Small, mass-produced ASDs comprise most of
the ASDs currently in use worldwide. They are not standard practice on small HVAC units
and they are not required by the Federal Standards.18 The costs of these ASDs have been
reduced drastically through mass production to $25/hp (compared to hundreds of dollars
per horsepower for larger units (Miller et a. 1989)). At $25/hp and a 7.4¢/kWh
electricity price, the simple payback time is two to three years for 1500 to 2000 operating
hours per year, which istypical for small commercia heat pump operation (Greenberg et
al. 1988).

16The operating hour estimates have been reduced by 40% to account for the significant part-load operation
of most motors (i.e., not all operating hours are full-load operating hours).

17Based on the energy savings numbers from Greenberg et al. 1988 and installed costs of VSDS from
Miller et al. 1989.

18The efficiency improvement from these drives is usually factored into the Seasonal Energy Efficiency
Ratio (SEER) and the Heating Season Performance Factor (HSPF) of the heat pump, so aVSD could allow
an heat pump system to meet the standards more easily. However, the Federal standards for packaged, air-
cooled heat pumps are similar in stringency to those established in the National Appliance Energy
Conservation Act of 1987 (SEER 10), which can be cost-effectively met using other methods (see Levine et
al. 1987). Therefore, the VSD provides additional cost-effective efficiency improvement.
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Thermal Sorage

Large and some medium-sized office buildings pay both energy and demand
chargesin their utility bills. The energy charge is ssmply based on the number of kWh
used, while the demand charge depends on the demand of the building during the utility's
peak period. Since alarge amount of an office buildings peak demand is due to cooling,
demand charges can be reduced using thermal storage systems. These systems run chillers
at night to make ice, chill water, or cool hollow concrete slabs. They use this stored
"coolth" to keep the building cool during theday. There are many different configurations
of such systems, some that achieve partia reductions of peak demand, and some that
eliminate demand charges entirely. Rosenfeld and la Moriniere (1985) found that partial
storage systems could reduce peak demand by more than 60%. The additional cost of full
and partial storage systems range from zero (for the "Thermodeck” concrete slabs from
Sweden) up to $500 per shifted kW. They offer returns on investment that are attractivein
many cases. The technology has advanced rapidly in recent years, with severa hundred
such systems being installed around the U.S., principaly in response to financial
incentives from electric utilities (Piette and Harris 1988). As microprocessor-based TOU
and demand meters become more common in smaller commercia buildings, thermal
storage technology will become more widely used.

Energy Management Systems (EM Ss)

According to the Electric Power Research Institute, EMSs will achieve energy
savings in commercial buildings of ten to twenty percent (EPRI 1988c). These systems
control water heating, lighting, and HVAC, alowing optimization to achieve superior
performance from this equipment. They also allow temperature setback, demand limiting,
economizer control, optional start/stop, timed start/stop, duty cycling, and shut down of
unused lighting and equipment (EPRI 1988c, Lytle IV 1989). EMSs rely on
microprocessor technology, and have become more widespread and cost effective as such
technology has fallen in price. Controls of this sort are available in a large number of
different configurations. As with all solid-state technology, prices are dropping and
capabilitiesincreasing at arapid rate, though price reductions will ultimately be limited by
the cost of the relays and other mechanical devices the microprocessor needs to control
building systems.

TECHNICAL POTENTIAL FOR ENERGY COST REDUCTIONS

The studies and calculations cited above indicate that the conservation/energy cost
reduction potential in new office buildings (relative to current practice) implies at least 30
percent savings in annual energy costs. The Federal Standard saves about 15 percent of
site energy compared to 90A-1980, and these savings do not include variable speed drives
and increased insulation levels for small buildings, electronic balasts for small and
medium-sized buildings, high efficiency motors, daylighting, occupancy scheduling, task
tuning, lumen depreciation, high efficiency HVAC systems, low-emissivity glazings,
modification of glazing area and orientation, thermal storage, and computerized energy
management systems, all of which are commercially availableand cost effective in many
new buildings (EPRI 1988c, Geller 1988, Lytle IV 1989, Miller et a. 1989, NAHB 1986,
Pietteet al. 1988, Sweitzer et al. 1986, Usibelli et al. 1985, Verderber and Rubinstein
1984). Brambley et al (1988a) believe that 30-40 percent savings can be achieved using
measures with less than three year smple paybacks. The Energy Edge Buildings should
reduceenergy consumption by more than 30 percent compared to standards that are more
stringent in some requirements than 90A-1980, at a CCE of 2.3¢/kwWh. Northeast
Utilities was able to achieve greater than 30 percent energy savingsin their analysis without
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increasing first cost of the building, so 30 percent cost savings at three year payback
appears to be reasonable.19

This number will be used in the financial analysis of market failures and corrective
incentive policiesin later chapters. It need not be an exact representation of all efficiency
options available to the new building designer, only a plausible one. It crudely
characterizes the aggregate result of market failures, hidden costs, and regulatory
distortions on decision processes affecting energy efficiency of new offices.

CONCLUSIONS

This Chapter explored the technical evidence for the existence of untapped reserves
of conserved energy in new office buildings and the market failures these reserves imply.
It examined the conditions under which such technical evidence can be used to infer market
failures, and analyzed previous estimates of the potential for cost-effective efficiency
impovements in new buildings. Finaly, it derived an estimate that 30 percent of energy
costs in new offices could be saved by additional investments with simple payback times
averaging three years. This estimate will be used in Chapters IV and VI in financial
analyses of specific market failures and of corrective incentive policies.

191n fact, the choice of an average three year payback is more restrictive than Brambley et a's estimate,
which implies an average payback time of less than three years.
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Tablell1.1. Characteristics of PNL Building Prototypes

Attribute Small Office ~ Medium Office Large Office
Floor Area (Gross Sf) 2,250* 48,644 797,124
# of Floors 1 3 36
Floor to Ceiling Height
(ft) 10 12 135
Construction Wood frame Steel super- Steel frame, 4"
with brick structure, 4" lightweight concrete
veneer lightweight skin
concrete skin
Glazing (% of Wall Area)
North 45% 27% 25%**
South 60% 27% 25%**
East 5% 27% 25%**
West 15% 32% 25%* *
HVAC System Samefor core | Samefor core | Separate systemsfor
and perimeter | and perimeter core and perimeter
Zones Zones zones
Cooling| eectric Single  dual-| VAV with chilled and
packaged duct VAV.| heated water coils
rooftop VAV/| Chilled water| Summer: two hermetic
system  (direct| supplied by | centri-fugal chillers plus
expansion) reciprocating acooling tower
chiller with air| Winter: double-
cooled bundled chiller + one
condensor. centrifugal chiller
Heating| baseboards Hot water| Heat recovery from
supplied by gas| supplied from| double-bundied chiller
hot water | gas boiler + 2 hot water
generator generators

*The small office included a 250 Gsf vau

Building is 50 ft by 50 ft.

t that was not included in the analysis.

**The large office is a hexagon with glazing on roughly 25% of each wall (i.e., total
window to wall ratio equals 0.25).

The PNL analysis included other HVAC systems as well.

illustrative.

Source: Crawley--Personal Communications (1989a, 1989b)

| choose these as
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Table 111.2. Energy Consumption for Different Building Prototypes
Based on PNL Analysis

Small Office Total Site Electricity Gas Total Site Energy
Efficiency Level kBtus/Gsf/yr kBtus/Gsf/yr kBtus/Gsf/yr
90-1975 63.14 68.90 132.04
90A-1980 60.78 69.25 130.03
90.1-1989 51.83 69.51 121.33
Fed. Std 1993 45.36 67.32 112.68
Fed Std + Daylighting 40.68 67.83 108.51
Index Index Index
90-1975 1.04 0.99 1.02
90A-1980 1.00 1.00 1.00
90.1-1989 0.85 1.00 0.93
Fed. Std 1993 0.75 0.97 0.87
Fed Std + Daylighting 0.67 0.98 0.83
Medium Office Total Ste Electricity Gas Total Ste Energy
Efficiency Level kBtus/Gsf/yr kBtus/Gsf/yr kBtus/Gsf/yr
90-1975 70.49 3.76 74.25
90A-1980 63.54 4.38 67.92
90.1-1989 54.58 5.16 59.74
Fed. Std 1993 48.59 6.21 54.80
Fed Std + Daylighting 44.49 6.47 50.97
Index Index Index
90-1975 111 0.86 1.09
90A-1980 1.00 1.00 1.00
90.1-1989 0.86 1.18 0.88
Fed. Std 1993 0.76 1.42 0.81
Fed Std + Daylighting 0.70 1.48 0.75
L arge Office Total Site Electricity Gas Total Site Energy
Efficiency Level kBtus/Gsf/yr kBtus/Gsf/yr kBtus/Gsf/yr
90-1975 52.58 8.64 61.22
90A-1980 51.16 9.03 60.20
90.1-1989 43.63 12.13 55.76
Fed. Std 1993 38.48 11.31 49.79
Fed Std + Daylighting 35.23 11.79 47.02
Index Index Index
90-1975 1.03 0.96 1.02
90A-1980 1.00 1.00 1.00
90.1-1989 0.85 134 0.93
Fed. Std 1993 0.75 1.25 0.83
Fed Std + Daylighting 0.69 131 0.78

Note: Large office daylighting analysis was not available, so percentage changes in energy use from
medium office analysis were applied to the large office consumption numbers. Daylighting savings are
those for ordinary buildings to which daylighting has been applied, and do not include potential savings
from designing the building structure to take maximum advantage of daylight. Gsf=gross sg. foot.
Weather is that of Washington, DC. Increase in gas use for medium and large offices is due to increasing
space heating needs. Internal gains, which dominate shell effects in such buildings, are reduced when
more efficient lighting isused. Gasusein the small building did not increase because the shell is more
important for this building, and the shell standard istighter. Source: Crawley (19893, 1989b).
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Tablel11.3. Northeast Utilities Redesign of Medium Office Building

Capital Cost Site Gas Site
Electricity Energy

Thousand $ kBtus/sf kBtus/sf | kBtus/sf
Base Case 3860 54.08 5.02 59.10
Reduced glazing area 3825 53.23 3.84 57.06
Beige color brick 3860 54.02 5.02 59.04
High efficiency VAV* 3878 51.07 5.02 56.08
High efficiency lighting 3850 39.64 8.16 47.79
Daylighting controls 3830 49.99 4.21 54.20
Improved Base Case 3860 34.52 5.88 40.40

Index Index Index [ndex

Base Case 1.00 1.00 1.00 1.00
Reduced glazing area 0.99 0.98 0.76 0.97
Beige color brick 1.00 1.00 1.00 1.00
High efficiency VAV | 1.00 | 0.94 1.00 0.95
High efficiency lighting | 1.00 | 0.73 1.63 0.81
Daylighting controls | 0.99 | 0.92 0.84 0.92
Improved Base Case 1.00 0.64 1.17 0.68

*VAV = Variable Air Volume System. Base case includes arelatively inefficient VAV system.
Floor Area = 60 thousand square feet (k sf).

Savings by measure are not additive.

Source: Wajcs and Kroner (1988).
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Table 111.4. Federal Standards (Non-Residential
Buildings): Mandated Minimum Acceptable Full-
Load Motor  Efficiency for Single-Speed
Polyphase Motors
Horsepower Minimum
Efficiency
1-4 78.5
5-9 84.0
10-19 85.5
20-49 88.5
50-99 91.2
100-124 91.7
125 and above 92.4

Source: US DOE 1989b.

Tablell1.5. Costs and Energy Savings from
Efficient Electric Motorsin Commercial Buildings

Motor Sze Avg Size Assumed Usage Sd Motor Efficient Motor

HP HP Hours/year Efficiency Efficiency

<1 0.28 400 70.0% 74.5%

1-5 134 921 80.5% 85.5%
5.1-20 8.61 2050 85.0% 90.0%
21-50 259 3139 89.0% 92.5%
51-125 80.6 3656 91.0% 94.3%
>125 195 3913 93.3% 95.5%

Sd Motor Efficient Motor Energy 60% Load

Motor Sze | Avg Size | Capital Cost Capital Cost Savings CCE
HP HP 1989 % 1989 $ kWh/yr $/kwh

<1 0.28 46 57 7 0.272

1-5 1.34 188 222 67 0.088
5.1-20 8.61 746 905 861 0.032
21-50 25.9 1708 1964 2578 0.017
51-125 80.6 5123 5806 8454 0.013
>125 195 11953 12978 14055 0.013

CCE = Cost of Conserved Energy,

Discount rate = 6% redl, lifetime = 15 years.

Energy savings=HP* 0.746 * Op Hours* 60% * (1/EFFstd - 1/EFFeff)

Operating hours based on DOE-2 simulations for commercial buildings in NY State, with the additional
assumption that the motor operates at 60% of full load on average. The formula for energy savings
approximates the true effect, which is more complicated because the motor efficiency varies as a function of
full or part-load operation.

Source for efficiency, capital costs, average motor size, and operating hours: Miller et al. (1989).
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CHAPTER IV: TYPOLOGY OF MARKET FAILURES AND
REGULATORY DISTORTIONS

Neoclassical economics shows that a perfectly functioning market will yield an
economically efficient outcome in equilibrium. This conclusion is based on the following
assumptions about perfect markets (after Harris and Carmen (1983)):

1) Perfect Competition: there should be many buyers and sellers, so that no one
actor has bargaining power or influence over prices. These buyers and sellers must
act without collusion.

2) Perfect Information : all characteristics of the objects of exchange (and
substitutes for them) must be known to both buyers and sellers.

3) Absence of Side Effects: all costs associated with the exchange and the object of
exchange must be borne solely by the participants in the transaction.

4) Divisibility : The object of exchange must be infinitely divisible, or at least
divisible to such small sizes that each transaction is small compared to the total
amount of goods exchanged.

5) Excludability : those involved in the exchange can prevent those not involved in
the exchange from enjoying the benefits from it.

6) Zero Transactions Costs : exchange must be instantaneous and costless.
7) Zero Entry Barriers : producers must be free to enter and exit the market.

8) Economic Rationality : consumers maximize utility, producers maximize profits.
Economic actors are able to collect and process all relevant information and make
decisions that maximize their objective functions.

9) Fair Distribution of Wealth and Income : "Each individual has wealth and
income corresponding to his production of economic goods and services' (Harris
and Carman 1983)

No real-world markets have al these attributes. The task of this chapter is to
determine how closely the market for energy efficiency in new office buildings
approximates the economist's requirements for a perfect market, and whether market
failuresin this sector could cause new offices to use significantly more energy than would
be optimal. If market failures or regulatory distortions do exist in this sector (and the
analysisin Chapters | and 111 suggests that they do) a comprehensive framework of such
failures can facilitate and organize analysisof the reasons for divergence from economic
optimality. While general analyses of this type have been conducted for the energy sector
as a whole (Blumstein et al. 1980, Fisher and Rothkopf 1988), | know of no similar
analyses for a segment of the marketplace as narrow as new offices.

This Chapter first characterizes the design, construction, and leasing process, then
presents a comprehensive market failure framework applied to new offices. For each
possible market failure or regulatory distortion, the Chapter analyzes its applicability and
potential importance. 1n most cases where afailure or distortion defies quantification, it is
analyzed qualitatively. The most important market failures involve information costs,
asymmetric information, lack of information, bounded rationality, risk aversion,
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externalities, split incentives, public goods, and cash-flow constraints. The most important
regulatory distortionsinvolve utility regulation and building codes.

THE DESIGN, CONSTRUCTION, AND LEASING PROCESS
General Characterization

Figure V.1 illustrates schematically the actors involved in constructing and using
anew office building. The number of possible combinations reflects the heterogeneity of
the office building sector, which makes such careful specification essential, though
difficult. Short-term leases (3 years or less) are not common in new office buildings
(especiadly large offices), which usually house more financially secure companies than
existing buildings. Pyhrr and Cooper (1982, p. 568) note that "...a form of filtering takes
place in which g n office] building accomodates |ower paying tenants asit ages.”

Thisfiltering tendency has become even more pronounced in recent years as rapid
improvementsin computer and building technology have given new buildings a significant
advantage in services provided (BD& C 1989d, BD& C 1989, McCain 1989). This change
in technology has also contributed to an increase in the equilibrium office vacancy rate
(BD&C 1989f). Even though high vacancy rates and supply of existing building space
have led to decreasing rents, the demand for and construction of new office space has
continued, in part because of the perceived superiority of these buildings over their older
counterparts.

Table V.1 shows that more than 2/3 of leased space in existing large offices in
the Bonneville Power Administration's service territory is associated with leases longer
than three years. About half the leased space in small offices is associated with short-term
leases and half with long-term leases. Ten to forty percent of commercial floor space is
owner-occupied in thisregion.

Competitive office space is that available for lease by the genera public, which
comprises all those buildings with tenants in Figure IV.1. As shown in Table 1V.2,
about half of the existing office buildings in the U.S. and 63% of the floor space is located
in buildings that are non-owner occupied or that house multiple establishments.
Competitive space therefore occupies roughly half of total office space, while owner-
occupied space comprises the other half. It is unclear whether new buildings differ from
existing buildingsin this regard.

There are three basic types of leasesin commercia buildings: net, gross, and fixed-
base (Pyhrr and Cooper 1982). A net lease is one in whichthe tenant pays for utilities and
other operating costs, in addition to the monthly rent. A grossleaseis one in which the
tenant pays the monthly rent, which includes all expenses. A fixed-baselease is like a
gross lease with an escalation clause. The tenant is not responsible for operating costs
except if they rise above some fixed dollar level. Unfortunately, there are no statistics on
the prevalence of different lease types.

Design and Construction

Figure 1V.2 shows a highly stylized representation of the steps and the actors
mvolved in the design and construction process. EPRI (19883, p. 3-1) points out that
"decisions involving the specification and purchase of equipment in commercia firms do
not lend themselves to simple characterizations." Figure V.2 is adequate for this analysis,
but no linear characterization can capture the richness and complexity of the interactions
inherent to the design process.
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Clark et al. (1982) analyze six major classes of participants in this industry:
Owners, Occupants, Developers, Builders, Architects/Designers, and Construction Finance
Organizations. To this list should be added so-called "take-out lenders’ (who finance the
buildings after they are constructed), brokers (who arrange the sale of buildings),
appraisers (who assess the value of a given building for both sale and tax purposes),
equipment suppliers (who manufacture lighting, HVAC, and other energy using
equipment), and local government officials (who regulate zoning and other aspects of
construction, design, and operation).

Many of the entities involved in this process are groups of individuals whose
interactions vary depending on the situation (Twomey 1989), which further complicates
analysis. In addition, designing an efficient building isacomplicated and interdisciplinary
process that requires communication between disciplines that do not speak the same
language and may not have the same priorities (Brambley et al. 1988b).

Figure 1V.2 shows that heating, ventilation and air conditioning system (HVAC)
design is completed early in the construction process, while lighting design is usually
completed after buildings are subdivided and leased (Goldstein and Watson 1988, p.3.82).
Many medium and large office buildings are forced to run air conditioning all year round,
because their space conditioning needs are dominated by internal heat gains from lights and
other equipment (see Chapter I11). More efficient lighting allows HVAC system capacity
and capital costs to be reduced. HVAC design cannot be optimized without information
about the lighting system, so substantial cost reductions are sacrificed. The developer thus
assumes that the cost reductions available from integration of lighting and HVAC design
are less important than the flexibility gained by designing the lighting systems to meet
tenant's perceived desires.

A similar timing mismatch exists between the designers of the HVAC system and
the future tenant's purchase of personal computers, printers, copiers, and other office
equipment. To size the HVAC system, the designer must use some rule of thumb to
estimate the level of electric consumption and associated heat generated by these devices.
Often she will oversize the system to insure that the system is not overburdened by
unforeseen load.

Relevant Transactions

Figures IV.1 and IV.2 are helpful in pinpointing which exchanges are relevant to
analysis of market failures:

1) the developer obtaining construction financing

2) the developer purchasing design and construction services (or supplying them
"In-house”, in so-called "design/build” arrangements (Twomey 1989))

3) the architect or engineer specifying efficient HVAC and lighting technology
4) the devel oper/builder constructing the building

5) the appraiser ng the value of the new building

6) the developer selling the building to the new owner

7) the owner obtaining "take-out" financing after construction.
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8) the owner leasing the building to the first tenants
9) the tenants or landlord's purchase of electricity

The developer's perception of the nature of each of these exchanges affects her
receptiveness to changes in these exchanges. For instance, if the developer thinks energy
efficiency won't be important to the new owner or tenants, this perception will affect the
developer's choice of building equipment and design. The perceptions of developers who
"puild-to-hold" will be different from those who "build-to-sell”, since the build-to-hold
developer knows her own requirements exactly. Because of the long-term nature of the
construction process, decisions affecting future exchanges related to energy efficiency are
necessarily based on incomplete information.

TYPES OF MARKET FAILURES

Harris and Carmen (1983) developed a framework to analyze market failures that |
have adapted for use in the present analysis. Table 1V.3 shows this framework. | have
omitted from consideration the issues of income maldistribution, internalities, demerit
goods, economic rents, excessive competition, and monopolistic competition as not
germane to the analysis. Some categories (risk aversion, split incentives, regulatory
distortions, and cash flow constraints) have been added. The examples used in Harriss
original table have been changed to correspond to those from the new office building
sector.

This taxonomy enumerates aname for each type of failure, the nature of the failure,
and specific examples of such failures related to the efficiency of new office buildings. The
entries in the table are necessarily brief--more detailed explanations follow below.

Imperfect Competition
Natural monopoly

Natural monopoly is a market failure in the electric utility sector.  Until
comparatively recently, all aspects of the electric power industry were considered natural
monopolies. Now many analysts believe that generation is capable of at least limited
deregulation, because of technological progress in alternative generation technology and
declining returns to scale in conventional generation units. Transmission and distribution
remain natural monopolies without question (Kahn 1988, Kahn 1990).

The principle consequences of these characteristics of the power sector for new
office building efficiency are described under the section titled Regulatory Distortions--
Utility Bias and Average Cost Pricing. These effects are more the result of the way this
industry is regulated than the result of natural monopoly itself.

There are no aspects of the real estate industry that would lead to natural monopoly
in this sector.

Market Power (Monopoly and Oligopoly)
If one or afew developers could somehow restrict entry into the market using the

political process (see anticompetitive behavior, below), monopoly or oligopoly could
conceivably occur in agiven region.
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Berry (1984) analyzes the concept of monopoly property from the perspective of
the real estate appraiser. A monopoly property is one that "through franchise, license,
zoning regulation, etc., has the exclusive right to carry on that enterprise’. Such
properties, because of regulatory decisions, cannot be replaced at any price, and hence
represent a challenge to appraisers, whose techniques usually assume that an asset is
replaceable.

Berry's definition is quite restrictive, applying to only a small number of cases.
However, the more general case of market power related to building location or unique
design can be treated as a less extreme example of monopoly property (an "oligopoly

property™).

Monopolies or oligopolies related to the desirability of afew choice locations could
be important in particular circumstances. The developer of a building or the owner of a
large amount of land in a particularly favorable location might be able to exercise some
degree of market power. Pyhrr and Cooper (1982, p. 568) comment that "...locational
obsolescenceis an important feature of office building investment. A superior location
offering favorable public exposure and proximity to clients maximizes rent-producing
capacity.” IREM (1981) states "a well-located building can command the highest rents in
the market area, even though it may be inefficiently designed and poorly maintained”.

Many buildings offer unique features. Gregerson (1989) quotes a developer who
states that " Signature buildings with an institutional, headquarters-like feel to them can get
$2 to $3 [per square foot per year] over the average [rent] in just about any market. We
wouldn't go to the trouble to build them if they didn't." These unique buildings command
some market power ssmply because of their uniqueness.

The market power stemming from a unique location or design may be reflected in
bargaining leverage in negotiations with purchasers of the property.l Such power could
make a developer complacent about the other attributes (e.g., energy efficiency) of the
property, since a satisfactory rate of return is likely even for a project meeting the lowest
expected standards of efficiency and other attributes. In other words, market power,
combined with satisficing behavior (see below), could lead to less efficient new office
buildings in particular sites.  If it exists, this market failure is likely to be strongly
dependent on particular circumstances.

On the other hand, market power may allow a developer to coerce "tie-in" sales,
pricing added efficiency measures far above their value, in an attempt to reap a windfall.
Without further data collection, it is impossible to know whether market power causes
over- or underinvestment in efficiency.

Anti-Competitive Conduct

While not generally a problem in the real estate sector, there have been instances
where businesses manipulated local regulatory authorities to their own advantage and to the
detriment of their competitors. It is unclear how this failure would affect the efficiency of
new office buildings. If it inhibited the entry of new firms with more efficient designs,
then it might have a negative effect on efficiency. If these new firms would not build
structures of superior energy efficiency, then this failure would have a neutral or possibly

1This argument holds little force if the developer owns and operates the building herself.



66

positive effect on efficiency. No generalizations are possible in the absence of specific
facts.

Infor mation Collection
I nformation Costs

Information costs include those (1) of collecting information about efficiency
measures or the credibility and reliability of new suppliers and subcontractors, (2) of
developing expertise, (3) of calculating the costs and benefits of different efficiency levels,
(4) of deciding how to alter established design and construction procedures, (5) of
demonstrating in a credible way that a new building will reduce prospective tenants' or
purchaser's energy costs, (6) of disseminating information about efficiency technologies,
and (7) of the architect/engineer incorporating new information about efficiency in her day-
to-day work. These failuresare among the most important and pervasive affecting energy
efficiency. While some of these costs are unavoidable costs of improving efficiency,
others can be reduced but not eliminated through centralized information collection and
dispersal.

Table 1V.4 attributes these information costs to the participants in the design,
construction, and leasing process most directly affected by them. This Table reveals that
most participants are directly affected by information costs associated with credibly
determining the energy consumption of new buildings. It also shows that
architects/designers are affected by almost all the information costs considered here.
Developers are the participants next most affected by information costs.

In general, the marketplace will produce too little information, because this product
iseasily replicated (i.e., it is hard for the producing firm to prevent resale of information).
The following section addresses each of the information costsin turn:

1) Since information can be replicated at low marginal cost, there are economies of
scale if one utility or agency searches for and compiles information on efficiency
measures or the qualifications of contractors. This search can be more
comprehensive and less costly (per unit of information) than searches undertaken
by any single smaller firm (Plunkett and Chernick 1988).

2) Developing expertise is analyzed under public goods (below), since it involves
information acquisition unrelated to specific transactions.

3) Calculating conservation's benefits in particular circumstances involves costs
such asthe cost of computer time and the cost of labor. Once the requisite expertise
is obtained, the required calculations are not exceptionaly difficult. The number of
options analyzed affects these costs, however.

Thereis evidence that appraisers and other building industry professionals are using
computers (particularly microcomputers) much more extensively than in the early
1980s (ACHRN 1989a, Diskin et al. 1988). As sophisticated computer hardware
and software become more prevalent (ACHRN 1989a), costs associated with
calculating the benefits of efficiency should diminish in importance.

4) Deciding how to alter established design and construction procedures (e.g., to
integrate lighting and HVAC design) involves anayzing these procedures,
comparing them to other procedures used elsewhere, and choosing new procedures
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to replicate. Each step in this decision process involves costs (both direct and
indirect).

These decisions precede actuallychanging these procedures, which also entails
costs (though they cannot be categorized as information costs). Such changes can
be inhibited by institutional inertia and transaction costs.

5) The cost of determining the efficiency of a new building is the cost of an audit
and energy analysis.

Audit costs depend strongly on particular circumstances. for many new office
buildings, no more than cursory audits will be necessary, since simulations can be
based on design specifications and architectural plans. Where buildings are
mistakenly built differently than the plans indicate, or documentation is inadequate,
walk-through audits will be necessary to verify assumptions about equipment
characteristics and building parameters. In the latter case, the cost of the audit
depends on the complexity of the HVAC system, the size of the building, and the
number of areas of the building with different characteristics. Larger buildings will
in genera have better documentation than small buildings, but may be characterized
by larger variation in the lighting and computer equipment used by different tenants.
Rough calculations of audit costs result in numbers of $0.032/sf for 2.5k square
feet (sf) buildings, to $0.008/sf for 50k sf buildings, to $0.001/sf for 800k sf
buildings.2 These costs represent 0.03%, 0.007%, and 0.0007% of the total up-
front cost of these buildings (based on the costs in Table V1.2 in Chapter V1).

Energy Analyses. In Northern California, where energy efficiency standards have
generated demand for such services, detailed computer analyses of energy use in
new commercial buildings range in cost from about $0.16/sf for 2.5k square feet
(sf) buildings, to $0.01/sf for 50k sf buildings, to $0.002/sf for 800k sf
buildings.3 Thesecosts are 0.16%, 0.009%, and 0.00015% of building first cost
(based on the costs in Table VI.2 in Chapter VI). This is a cost to establish
compliance with the mandatory California building efficiency standards. An energy
analysis of several different design strategies would be more expensive, perhaps
costing two to four times as much, depending on complexity. If conducted as a
routine part of the design process, the cost for such analysis could be lower.

In regionswhere a large number of energy consultants do not exist, the cost for a
customized audit and energy anaysis may be much higher. Some nationa
equipment suppliers (e.g., Trane) are starting to use sophisticated energy analysis
programs as marketing tools to demonstrate the economic benefits of more efficient

2These costs are derived assuming that it takes 2 hours to examine and interpret an audit of a 2.5k sf
building, 10 hours for a 50 k sf building, and 20 hours for a 800 k sf building, at an hourly cost of
$40/hour.

3These calculations are based on data from Martin Dodd of Mike Gabel Associates in Berkeley, CA. He
quoted costs of $100/zone for DOE2 simulations of commercial buildings, with a $400 minimum charge.
A zone is a group of sections of the building with similar thermal characteristics. The estimates per sf
assume that the 2.5k sf building pays the minimum, that the 50k sf building has 5 zones (total cost $500)
and that the 800k sf has 15 zones. The number of zonesis highly variable and islargely arbitrary, so these
numbers should be taken as rough approximations only.
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products (Smithart 1989), which should make the costs drop in regions where local
energy consultants are not commonly found.

The size of these information costs is not well known, and has never been compiled
in systematic form. This section's rough quantifications indicate that building size
will be an important determinant of the cost per square foot of such analyses. Small
buildings are likely to face the highest costs per sguare foot in obtaining such
information, though these costs are tiny as a percentage of total building costs.

6) The cost of disseminating information is a natural cost of doing business for all
companies. It includes the cost of advertising and the cost of establishing
rel ationships between suppliers and customers of efficient equipment.

7) Time for professionals to digest and internalize new information can be
substantial. Thisinternalization process may involve admitting that previous work
was in error, which can make the recipient of information less eager to seek it out or
absorb it in the future (Burnette 1979a, p.8). Education and training (see Public
Goods below) can substantially reduce the time for professionals to internalize new
information.

If theinformation isnot in a form that the professional is used to digesting, it will
not be absorbed. Architects, who are accustomed to working conceptually and
visually, are not in general comfortable with numbers. Most energy analysis tools
have been designed by engineers, for engineers. Recently, some have begun to
address this issue by incorporating energy analysis software into sophisticated
computer-aided design tools (Brambley et al. 1988b, Schuman 1989).

The cost of efficiency information relative to the costs of gathering other
information can be an important factor. The advantages of a building's distinctive design
or location are usualy obvious and are assessed largely using subjective criteria
Understanding energy efficiency information, on the other hand, requires anaysis of
technical details about mechanical systems that are often invisible (Stern and Aronson
1984).

Rapid changein efficiency technologies makes every single information cost barrier
more severe. NEEPC (1987) interviewed landlords and tenants in the Boston area to
assess market failures affecting efficiency in the commercial sector:

The first theme that emerged in our interviews was confusion. The pace of
development in efficient energy-using and energy-conserving technologies has been
accelerating in the past few years, and the people we spoke with evinced a certain
bewilderment at the array of choices now being touted by vendors and the trade
press.

This rapidity of change places greater burdens on costs associated with information
collection, professional education, and information dissemination than would a less rapidly
evolving industry. In addition, filtering information to distinguish differences and identify
useful or attractive designs becomes more costly as the amount of information available
increases.

Trust in the source of information also affects information costs and associated
risks. The existenceof a credible source of information that is perceived as unbiased will
reduce information and risk costs (e.g., Consumer Reports). Conversely, the lack of such
a source implies higher risk and information costs. Consulting firms meet this need in
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some areas, but these companies are not large enough to fully capture economies of scale,
nor are they always perceived as being unbiased.

Asymmetric Information

The developer knows more about the building than do prospective tenants or
building purchasers. Without some credible, effective way of estimating new building
energy use before occupancy (or sale), the tenants who will pay the utility bill (or the
purchasers) are at a disadvantage in negotiations.4# They must take the developer's word
that the building is more efficient, or they must hire someone they trust to analyze the
building's efficiency. In thefirst case there isadded risk, in the second, added cost.

Currently existing institutions and professions are often not capable enough to
correct for asymmetric information by themselves. For instance, appraisers, upon whom
banks and purchasers depend to assess the value of buildings, must be conversant in many
different aspects of real estate (Pearson 1989). It isunredlistic to expect that they be expert
enough in energy matters to assess operating cost benefits from specific technologies or a
set of such technologies. They would be able to use such information if it were supplied,
but it is probably beyond their capabilitiesto estimateit. Even if they could estimateenergy
costs on a case-by-case basis, lack of uniformity in assumptions would limit the usefulness
of such estimates.

Misinformation

Some developers and tenants believe that there simply isn't much scope for
improving energy efficiency (EPRI 1987b, p. C-8). This belief influences what these
actors look for when renting office space. Architects and engineers may be misinformed
about efficiency's effectiveness, based on a small number of anecdotes about unsuccessful
installations of such devices. It is unclear just how pervasive these beliefs may be.
However, they could have an effect in certain cases.

Lack of Information

Lack of information is one of the most important barriers, and it shows up in many
forms (EPRI 1987b, p. C-11). Itisstrongly linked to information costs, which inhibit the
search for information. Designers and builders often lack current, credible information on
the latest and most cost-effective conservation technology. They may not trust energy
conservation companies to deliver such information, because of a perceived conflict of
interest. Without the help of established, reputable energy consultants (who do not exist in
many areas of the country), building purchasers have no credible way to compare the
operating cost differences between two new buildings. Purchasers are often unable to
"comparison shop" or to assess the chances of recovering their additional initial investment
(due to efficiency) upon resale of the building.

EPRI (1987b, p. C-2) found that larger businesses are "more aware of potential
[efficiency] measures than smaller ones". Larger utility customers are also more likely to
have installed a given efficency measure. However, "awareness of more complicated
conservation measuresis low for both large and small companies'.

4Asymmetric information is not a problem for tenants if the landlord pays the utility bill.
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Economic Non-rationality

There has been considerable debate over how well the assumption of economic
rationality describes human decisionmakers (Stern and Aronson 1984). Non-rationality
refers to differences between the cognitive processes of real economic actors and the
assumptions about "rational economic actors’ implicit in economic theory. It is not
necessarily the same as irrationality, though this category is subsumed under the rubric of
non-rationality. Other forms of non-rationality refer to human beings' limited ability to
collect and process information and their use of rules of thumb and satisficing behavior.

Bounded Rationality and Satisficing

Humans have limited or "bounded” rationality, since they can only process limited
amounts of information. To compensate for these limits, they often resort to rules of
thumb that minimize transactions costs at the expense of optimality (March and Simon
1959). James March and Herbert Simon, writing about the application of the theory of
satisficing to organizational behavior, state that "finding the optimal alternativeisaradically
different problem from finding a satisfactory alternative. An aternativeisoptimal if:

(1) there exists a set of criteriathat permit all aternatives to be compared, and (2)
the alternative in question is preferred, by these criteria, to al other alternatives. An
aternative is satisfactory if: (1) there exists aset of criteriathat describes minimally
satisfactory alternatives, and (2) the alternative in question meets or exceeds all
these criteria. Most human decision-making, whether individual or organizational,
is concerned with the discovery and selection of satisfactory alternatives; only in
exceptional cases is it concerned with the discovery and selection of optimal
aternatives (March and Simon 1959).

Procedures, routines, and rules of thumb lead to satisfactory solutions, since they screen
out alternatives before detailed analysis begins. They will be modified only given sufficient
stimulus. Satisficing techniques can approximate the optimal outcome when change is
slow, but during dynamic periods, rules of thumb may not keep pace, and large disparities
can develop between optimality and decisions actually made. Even during quiet periods,
rules of thumb may diverge substantially from optimality.

As noted above under Information Costs, rapid change has been the rule and not the
exception for energy efficency technologies, suggesting that existing rules of thumb are
likely to be out of date. For instance, in many sectors of the U.S. economy, the two-to-
three year payback rule of thumb is commonly used to assess efficiency investments
(Barker et a. 1986, Cavanagh 1987, EPRI 1988b, NEEPC 1987, Peters and Gustafson
1986, Schon et al. 1987) This rule of thumb reduces the time spent analyzing energy
issues, and expresses an implicit belief that profits are more likely to be improved by
increasing revenues or by cutting costs elsewhere. "Energy must compete for attention
with other problems facing the organization and other solutions being offered. Thus, the
amount of attention devoted to energy efficiency depends on the number and salience of
other, competing issues that demand attention and time." (Stern and Aronson 1984,
p.113). The time it takes to process all information is an information cost (described
above), while humans' inability to analyze and understand every issue is an indication of
bounded rationality.
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Wofford and Gitman (1978) state that "many investors believe that the payback
period is a good measure of the risk exposure or the liquidity of the proposed
investment...the shorter the payback period, the less risky the investment”. Short payback
periods may therefore be an expression of both satisficing behavior and risk aversion (see
below). If only one of the many participants in the design, construction, and leasing
process uses short payback times, it can inhibit the other participants from choosing more
efficient technology. For instance, if tenants, dueto risk aversion or cash flow constraints,
use two year smple payback times, landlords who know their market will conclude that the
buildings they purchase need not be exceptionally efficient.

"Minimize first costs to maximize profits" is a rule of thumb to which developers
continue to adhere (Comerio 1989). It developed before the advent of inexpensive
computing power, and has persisted. John Burgee, one of the architects who designed
Pennzoil Placein Houston in the mid 1970s (which was a distinctive, "signature” building
surrounded by undistinguished glass boxes), learned that "you can make a better profit
with better architecture. The thinking up until that time was that with a spec® office
building, you enclosed the most amount of space the cheapest way possible to make the
most amount of money..." (Gregerson 1989, Italics added). Feinbaum (1981) surveyed
architects about the perceived importance of first costs and operating costs savings to their
clients. He found that 95% of architects surveyed believed that speculative clients valued
first costs more than operating cost savings, while 55-62% of institutional, government,
and owner occupant clients were perceived as valuing first costs more than operating cost
savings. "Minimize first costs to maximize profits' is a rule of thumb that is probably
diminishing in importance as increasingly sophisticated financia analyses become easier to
create.

Satisficing behavior could also take the form of tenants demanding efficiency only
when energy costs exceed some threshold fraction of total costs (say 1-5 percent). For the
prospective tenant, energy costs may be miniscule compared to total business costs. Say
the amount of floor area per person in the office is 200-300 sf, and the average salary is
$30-40k per year. The cost of salaries is thus $100-200/sf/yr, compared to $1.50-
2.00/sflyear for energy costs in typical new office buildings. Savings in energy costs of
50% will thus change total costs by much lessthan 1%. Management changes that increase
productivity by a few percent, or slight reductions in labor expenses, will swamp the
potential effect of state-of-the-art efficiency improvements (Lovins and Sardinsky 1988,
Smith 1989).

If projected energy costs in the developer's proforma look reasonable or
satisfactory (within some broad range) then they may not be subjected to further scrutiny
by the lender. The Bank of America bases its lending decisions first and foremost on the
credibility and experience of the developer. The second level of analysisis to examine the
operating costs assumed in the proformato determine "if they conform to industry norms".
Small variations in operating costs (say less than 10%) will be ignored. Large differences
between industry norms and the proforma assumptions will lead to closer scrutiny by the
lender (Briggs and America 1989).

Commercial building owners, developers, or tenants may not be profit maximizers.
Instead, they may seek satisfactory profits above some minimum hurdle rate.

SA Spec(ulative) office building is one designed for sale to an as yet undetermined purchaser upon or soon
after completion of the building.
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Other Deviations from Economic Rationality

Interviews with participants in the real estate industry often find a preference for
revenue-enhancing measures over cost-reduction measures. EPRI (1988b) cites Bob
Butler, former editor of Energy User News, who states:

cost-cutting is a defensive tactic, atactic, indeed, that hints of weakness. | believe a
Major reason upper management is attracted to cogeneration is that it effectively
establishesin their mind the connection between an energy project and the more
fundamental concerns of production in the industrial sector, or facility operation in
the commercial sector. Energy stops being ssmply a parochial, defensive, cost-
cutting approach, and becomes linked to the aggressive, competitive, production
and marketing activities that are nearest and dearest to the management heart.

While this sort of assertion is difficult to test, it sounds plausible, and |1 doubt many
executives would disagree with it. If this statement describes the attitudes of some
executives in the real estate industry, it is an indication that they are not perfectly rational
€conomic actors.

Risk Aversion

Convincing builders and devel opers to replace their tried and true technol ogies with
new, more efficient devicesis difficult in part because these actors may be more risk averse
than society may be. The technology may not work as advertised, fuel or electricity prices
may not rise as expected, or the real estate market could become depressed, which might
make buyers more wary of increased initial cost. In the aggregate, these risks would
average out across the entire society and yield a positive economic return. The risk for
individual economic actors may be greater than the aggregate risk, and hence individuals
may be reluctant to invest. The societal cost associated with such risk (which will be lower
than the risk for an individual firm) is the expected value of costs associated with device
failure or price drops, averaged over all buildings with similar devices.

Risk Due to Economic Fluctuations

Supply and demand are unpredictable and there are time lags in adding new
capacity. For instance, in the middle stages of a real estate boom, many more office
buildings are likely to be started than will be needed to meet al the demand. By the time
they are all completed, there will be a glut on the market, and returns may be reduced
substantially below expectations or acceptable levels (Bon 1989).

Pyhrr and Cooper note that "both the national and the regional supply of office
space has tended to follow a boom-and-bust cycle more dramatic than that of any other real
estate sector.” (1982, p. 568) Consider Figure 1V.3, which shows the rate of return on
equity for office buildings in the U.S. and Western Europe between 1979 and 1988
(Hylton 1989). The returns over this period ranged from over 25% nominal to about 5%
for both regions. This sector exhibits large fluctuations in economic returns over relatively
short periods, which implies that the office real estate market is aimost never in
equilibrium.

It is unclear why these boom and bust cycles should be so severe. To understand
and reduce the risk of such economic fluctuations, real estate brokers keep track of permits
filed with local governments as well as other data affecting the supply of office space.
Brokers know whose leases are coming up for renewal and which tenants are growing out
of their current office space, but macro-economic and non-regional variables affecting
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demand are more difficult to predict (DelCasino 1988). O'Conner (1987) attributes the vast
overbuilding in the 1980sto an influx of money from thrifts and banks that has continued
even though the office market is glutted. Deregulation may have allowed liberalization of
loan policies at these ingtitutions. The superiority of new buildings over existing ones may
also have played arole.

High risk can lead rational people to discount the future and be proportionately
more sensitiveto initial costs, which are certain and are not discounted. Market instability
increases the risk of investing in new office buildings that will be sold to an as yet
undetermined purchaser. Buildings that will be owned by the developer or that are being
built for particular tenants will be lessrisky if their operating costs are lower, regardless of
the state of economic cycles. Market instability may contribute to risk aversion, and may
make devel opers reluctant to increase the up-front cost of new buildingsin certain cases.

Risk of Delay

Adopting a new conservation technology and changing suppliers entails risk of
delay in the construction schedule. The probability of such delay is highly variable and
uncertain, but the consequences are well known and substantial. This is the textbook
description of a situation that a risk averse actor will seek to avoid. This problem is
connected to the credibility of various information sources, which can be established by
utility or government certification of products and suppliers.

Risk of Litigation

A related risk of equipment failure is litigation (Clark 1986, Gamble Il 1987,
Streeter 1988). Burnette (1979a, p.5) points out that "the legal responsibility under license
rests on the individual professional...his judgement need not be infallible, just reasonable
within the norms established by the judgements and practices of other qualified
professionals’. This responsibility leads to risk aversion: "Unless their client clearly
indicate preferences for innovative systems, architects and engineers are likely to specify
equipment known to be reliable and functional. Recent litigation against A/Es for
equipment performance failures is causing the professions to become increasingly
defensive and cautious in specifying buildings and equipment” (EPRI 1988a, p. 3-7).
Burnette (1979a, p.6) also notes that the rate of filing liability claims against insured
architects more than doubled from 1960 to 1976, and "tripled in severity". Liability
insurance costs have skyrocketed to reflect these claims (Gamble |1 1987).

Contractors are legally responsible for following design specifications exactly
(ACHRN 1989b): "a contractor has performed adequately if he has followed the
specifications, even if they do not produce the desired result”. Law thus restricts the
contractor's responsibility, which may make innovation lesslikely. It also makes the legal
responsibilities associated with creating specifications more stringent.

In some cases, if the architect/engineer (A/E) knows about (or should have
discovered through normal inspections) a violation of specifications by the contractor, but
does nothing about it, she can be held liable by the developer who hired the A/E to
supervise construction (Lunch 1989). Innovating with an untried efficiency technology
will require more inspections of contractor work by the A/E and will take away from
inspections of other building components. The fixed fee of the A/E depends on completing
the job. Innovation will probably not change the fee, but it will increase the risk of liability
and the time spent inspecting contractor work.
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Punishing architects and engineers for unsatisfactory performance of devices will
encourage installation of technologies that are known to yield satisfactory performance with
high reliability. Such punishment stifles innovation, institutionalizes satisficing, and
promotes risk aversion.

Risk and Tenant Productivity

The substantial value of productivity compared to energy savings (see Satisficing,
above) affects perceived risks and may result in the use of short payback times. If using
new technologies risks even minor occupant discomfort, these devices will not be cost
effective from the owner's perspective. Equipment failure that reduces productivity by 1%
inayear will swamp the energy savings and may result in the loss of tenants.

A 1988 survey by the Building Owner's and Manager's Association (BOMA), as
cited in Smithart (1989), discovered that "if a tenant experiences interruption of any basic
service--electricity, telephone, or HV AC--three times in a 12 month period, there's a 56%
probability the tenant will vacate at lease end”. The same survey (BD&C 1989a), cited in
Smith (1989), found that tenants who were affected by malfunctioning HVAC systems
"predicted an 18% productivity gain if their [thermal discomfort] problems were solved”.
NEEPC (1987), after surveying landlords and tenants in the Boston area, stated that
"landlords in particular, noted that tenants are extremely sensitive to even the smallest
aterationinlighting level or quality, or to the appearance of fixtures, and that experiments
with new technologies often elicit negative reactions from tenants'. This sengitivity may be
the result of the importance of labor costs relative to energy, or it may have other causes.
In any case, it encourages risk aversion by landlords that will inhibit experimentation with
new, more efficient technologies.

Side Effects
Negative Externalities From Power Production

Efficient buildings reduce negative externalities from power production. Tables
V.5 and 1 V.6 show the various environmental insults attributable to use of fossil fuels
and the two other most important electricity generation technologies (nuclear and
hydroelectric power). This section is concerned only with externalities associated with fuel
consumption and operation of existing power plants and direct combustion devices,
because they are the only ones relevant to an assessment of the size of the market failure
currently represented by external costs.

Estimates of the size of currently quantifiable externalities vary between zero and
several times the current price of energy, with typical estimates falling between 10% and
60% of the current price of energy (Cavanagh et al. 1982, CEC Staff 1989, Chernick and
Caverhill 1989, Del uchi et al. 1987, Hohmeyer 1988, Koomey 1990a, Marcus 1989,
NPPC 1989a, Schilberg et a. 1989). Such quantification is frought with pitfalls (Holdren
1980), which is one reason for the large reported range.

Koomey (1990a) reviews nine different estimates and regulatory determinations
relating to external costs associated with the combustion of fossil fuels in new and existing
power plants, and for direct combustion. Table I'V.7 showstwo estimatesfor externality
costs from existing fossil fuel power plants from that review. One, taken from a report
from the electric power industry's research organization (EPRI), is probably an absolute
lower bound to external costs from existing fossil fuel-fired power plants. The other
corresponds to current regulatory practice in one of the states (New York) that has
addressed externality costs in resource planning in a comprehensive manner.
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TheElectric Power Research Institute's (EPRI's) Technical Assessment Guide for
demand side resources includes dollar per pound estimates for external costs associated
with emissions of Nitrogen Oxides (NOy) and Sulfur Dioxide (SO2). The NOx costs are
based on a National Science Foundation Study. The SO2 estimates are based on direct
damage estimation by the National Academy of Sciencesin the middle of the 1970s, for
emissions of SO2 in rural West Virginia or Pennsylvania. Damages from pollution in
urban areas are likely to be higher than these estimates. The estimate for SO2 is almost
exactly the same as that implied in Consolidated Edison Company's bidding system
(below), but the NOyx estimates are more than a factor of thirteen lower (The Con Ed NOy
estimates are themselves afactor of nine to twelve smaller than estimates for polluted urban
areasin Cdifornia (Koomey 1990a)). EPRI does not include an estimate for external costs
associated with carbon dioxide or other emissions.

Consolidated Edison Company's proposed bidding process for new resources
explicitly differentiates between externalities in conventional power production, and assigns
weights ("points') based on the amount and type of externalities imposed by a project on
society (NY PSC 1989). It is designed to incorporate externalities into resource planning
for new power plants. However, Koomey (1990a) derived the dollars per pound figures
impliedin this bidding system and applied them to existing power plants.

The Consolidated Edison system includes NOy and SO2 costs, and a preliminary
estimate for external costs associated with global warming, based on mitigation cost (the
regulators used 20% of the estimated cost of planting trees). Direct damage estimation for
the greenhouse effect is unlikely to be meaningful because predicting damages depends on
regional forecasts in which scientists have the least confidence (Krause et a. 1989). The
NY PSC estimate for global warming is more than a factor of ten lower than other estimates
based on similar methodologies (CEC Staff 1989, Chernick and Caverhill 1989, Koomey
1990b, Schilberg et al. 1989).

Table V.7 contains net generation by fuel in the United States (US DOE 1988a),
and assumes that existing nuclear power plants, hydroelectric dams, and other sources of
generation have no externalities associated with their operation and decommissioning.
While this assumption is not too egregious for existing hydroelectric dams, it neglects
potentially important externalities from nuclear power, including the undetermined cost of
nuclear waste disposal, the risk of catastrophic accidents, and the risk of nuclear
proliferation (Cavanagh et al. 1982, Hohmeyer 1988, Holdren 1987). Nevertheless,
assuming zero externalities for other fuels will be a way to estimate the lower bound for
externality costs associated with power production in existing power plants.

Using this assumption, 1988 average heat rates for existing fossil steam plants, and
emissions factors derived in Appendix C, reveals that EPRI's estimates for external costs
of NOx and SO yield an average cost of $0.0067/kWh, whilethe NY PSC's estimates for
CO2, NOy, and SO2 result in average external costs of amost $0.012/kWh. These costs
are 10% and 18%, respectively, of the 1988 average U.S. electricity price ($0.066/kWh in
1989%) and 9.1% and 16% of the 1988 average U.S. commercial sector electricity price
($0.074/kWh in 1989%).

Direct use of natural gas in the commercial sector emits far fewer pollutants than
electricity generation. Estimates of these costs range from 0% to 41% of the price of
energy, depending on location and methodology (Koomey 1990a).

For the purposes of later analysis of incentive policies, | choose 15% of energy
prices as a reasonable, lower-bound estimate for external costs. Recall that the estimates
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reviewed above did not include al pollutants, and did not include external costs associated
with operation and decommissioning of existing non-fossil electric power plants.

Externality costs of this magnitude are significant. The fact that these costs are
external to the purchase of elecricity means that they are unrelated to the high market
discount rates analyzed in Chapter 1. They represent, however, an additional and important
market failure that should be corrected. They should be monetized and incorporated into
energy prices and avoided costs. While there will aways be uncertainty in these estimates,
ignoring them is equivaent to assuming they are unimportant.

Negative Externalities from Energy Efficiency

There are some potential negative externalities associated with energy efficiency,
including indirect emissions from production of materials, and increased exposure to radon
gas in houses that have reduced air infiltration (it is not strictly an externality, since the
people who are presumably benefiting from the more efficient house are aso the ones
suffering from exposure. It is, however, an often uncounted cost). One careful review of
the indirect emissions found that they were much smaller than emissions from avoided
fossil fuel combustion (Anderson 1987). Radon exposure is relatively easy to mitigate,
though it costs some money to do so.

Positive Externalities from Energy Efficiency

Positive externalities associated with efficient building practices include increased
economic competitiveness and reduced trade imbalance. These positive externalities are
amorphous and difficult or impossible to quantify, so | ignore them here.

Solit Incentives

The person buying the equipment or building the office building may not be the
person who will be financially responsible for paying the energy bills. If the
developer/landlord will pay the bill (gross lease), then the savings from any conservation
investment may be negated by wasteful tenant practices. If the tenant will pay the bill (net
lease), then the devel oper/landlord will build an efficient building only if she thinks she can
get the money back in increased rents. If the developer plans to sell the building to some
currently unknown new owner, then the developer will only install efficiency if she thinks
she can get her money back (plus some risk premium) in alarger selling price.

Economists argue that, in general, split incentives of this type should not cause
reduced energy efficiency in a perfect market, because the added value of the efficiency
should be capitalized in a higher selling price or be reflected in higher rents. If they are not
so reflected, then it may or may not be the result of split incentives. Consider the case of a
net lease (tenant pays for utilities) or the case of building sale. As discussed under
Asymmetric Information, above and in Chapter V, reliably determining the energy
consumption of anew building before occupancy or purchase can be difficult or impossible
without the existence of a standardized building energy rating system that generates
consumption estimates that are easily comparable to estimates from other (both new and
existing) buildings. Therefore, due to another market failure, energy efficiency will
probably not be capitalized in ahigher selling price or be reflected in increase rents. In this
case, it is not the split incentives that cause the market failure.

In the case of the landlord paying for utilities, it is not clear how she can prevent the
tenants from wasting electricity, since the users do not pay for it directly (the marginal cost
of increasing energy consumption is zero). Fixed-base leases (described above), in
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conjunction with new computer metering and monitoring technology (Clepper 1990), can
be used to insulate the owner from this problem. It is not known how prevalent these
varioustypes of leasesare. A detailed assessment of the problem would require some kind
of survey and further research.

When the landlord pays the bills, she need convince no one el se about the efficiency
of the building (although she bears al the risk as well). Tenants prefer lower rental rates
and will not require an independent audit and energy analysisin this case. When the tenant
pays the bills (in net leases) the landlord must convince the prospective tenant that the
operating savings will be worth the added rent. In this case, an energy analysis by some
credible source or some other way of proving the energy efficiency of the building is
needed, which adds to the cost of efficiency. Adopting lease agreements in which tenants
pay the utility bills therefore reallocates the risks associated with increasing the energy
efficiency of a new building, and adds another step to the process by which energy
efficiency isincorporated into rents.

Public Goods

Information is in many ways a public good,6 which is the chief argument for
government- (or utility-) sponsored research and development and information
dissemination. Where the information failures discussed above were related to information
involved in a given transaction (the purchase or leasing of a new office building), the public
goods failure of information concerns development and dissemination of information
beyond that related to any specific transaction.

Research and Devel opment

The societal benefits from energy efficiency R&D (aswell asR&D in other sectors)
are well documented and substantial (Geller et al. 1987). Geller et al. cited a study that
found that U.S. appliance manufacturers spent 1-2% of their sales revenue on al R&D.
Oster and Quigley (1978) cite "crude" evidence that "the ratio of R& D expenditures to value
added isthree and a half times aslarge for the economy as a whole as for the construction
industry”. Rough estimates by Rosenfeld (1988) indicate that proprietary and government
R&D in the buildings sector comprise less than 0.4% of total costs associated with creating
new structures or modifying existing structures. For comparison, R&D spending for U.S.
industry as a whole was between 3.0% and 4.2% of net sales between 1980 and 1985
(Census 1988).

The perfect marketplace will only produce information until the marginal benefit of
the additional unit of information to each economic actor equals the marginal cost of
producing it. Individual developers and contractors will not fund the societally optimal
level of basic research and development into new energy efficiency technologies, since
many of the benefits of such research will flow to their competitors and to other parts of the
economy (Mansfield 1982, pp. 454-5). The problem is especially pronounced when an
industry is as fragmented as the design and construction industries (Brambley et al.

6My consumption of a public good does not interfere with your enjoyment of it, or that of anyone else in
society.
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1988b).” Oster and Quigley (1978), discussing R&D in the residential construction
industry, state that

Small scale may be particularly problematic if many of the potential innovationsin
theindustry are in organization, systems design, and in the integration of housing
components. Here the minimum efficient scale for R&D activity is presumably
rather large, and, more importantly, the returnsto R& D are not easily capturable by
asingle firm.

These conclusions might just as well apply to design and construction of commercial
buildings.

Expertiseand Training

Only 500 to 1000 of the roughly one hundred thousand architects and engineersin
the U.S. are qualified to design and construct buildings that utilize state-of-the art efficiency
technologies (Deringer 1989). Acquiring the latest skillsin energy efficient design would
take fiveto ten years of study and practice (Brambley et al. 1988b). Few small firms have
the resources to send their employees for such training, since these employees must be
immediately productive and may move to other firms (Olivieri 1989a). Society benefits if
the individual receives such training, but individual firmswill not reap the entire benefit and
will be reluctant to incur the expense. Subsidized education may make an employee happy
with her current employer, but it also makes her more marketable.

The cost of losing an employee can be substantial, even without considering the
added cost of the additional training. An American Institute of Architects report (cited by
Gutman (1988, p.81)) notes that "losing an employee whose time is billable can cost 2-3
times the employees annual salary in terms of lost time and retraining costs'. High
turnover rates (also cited by Gutman) make firms reluctant to pay for additional training,
since the risk of losing employeesisrelatively high.8

Economic analysis of training finds that if thetraining is general and transferable to
other jobs, the employee will pay for the training in reduced wages. If the training is
specificto the job at hand, the firm will pay (Becker 1980). Gutman is probably referring
to specific training and to opportunity and transaction costs associated with hiring a new
employee Energy-related training can be both general and specific, and the situation is
complicated by the fact that architects and engineers are professionals, and wages in the
professions are not as free to fluctuate as in industries characterized by free entry. More
study is needed on energy-related training in the professions to determine how much of
such training is general and how much is specific.

Another important issue is why professionals won't pay for their own education, if
it will allow them to design buildings more efficiently than their fellow professionals.
Taking five to ten years off to study efficiency technologies would be a luxury that few

"The bulk of nonresidential construction (80% by value) is completed by the 200 largest builders. The
building design industry is much less concentrated, with 80-85% of the roughly forty thousand architecture
and engineering firms having less than 25 employees and completing about 50% of the design work (by
value) (Brambley 1988, p.B-1).

8High turnover rates also characterize employment in the construction industries. Lange and Mills 1979,
p.6
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people have the means to enjoy. In addition, the benefits from such study would depend
on there being a demand for designers of efficient buildings. However, other market
failures (risk aversion, information costs, asymmetric information, satisficing behavior,
and regulatory distortions) may be preventing employers of professionals from demanding
the services of efficient designers.

States and utilities may be reluctant to fund energy education for professionals,
since those educated may leave the region. The problem becomes less acute as the
geographic region increases in size. The federal government, with its sophisticated
research facilities, vast financial resources, and national scope is the logical candidate to
fund such education.

The energy-related content of the education of architects, appraisers, and engineers
is strongly influenced by professional societies, whose licensing exams, educational
guidelines, and other procedures may inhibit adoption of new information and rules of
thumb about energy efficiency. Burnette (1979a, pp.4-5) points out that the architect's
professional licensing exam "does not test the architect's ability to obtain information
relevant to the problems he encounters....Instead it requires that the professional
demonstrate an awareness of the norms of his peers--a constraint on the architect's
approach to information which is also reinforced in practice by the exercise of law” (see
the discussion of liability under Risk Aversion, above).

Many efficiency technologies lead to both energy savings AND capital cost savings,
but assessing these techniques requires specialized knowledge and analysis of complicated
interactions between building subsystems. There is a difference between designing for
incremental improvementsin efficiency, and redesigning al building systems. It isin the
latter situation when capital cost savings are most easily captured but also when demands
on design expertise are most intense. Both the computer analysis tools necessary for such
analysis and the most efficient technologies that require it have been developed
comparatively recently (in the past ten years or so).

Cash-Flow Constraints

Cash-Flow Constraints are an important consideration for developers, since
increases in capital costs must often be financed using a loan from the take-out lender or
additional capital from the joint venture partner. Increasing debt increases the risk of
default, while increasing equity reduces the overall percentage rate of equity return (for a
given cash flow). This market failure can also be characterized as afailure in the capital
markets.

If the lender does not consider energy efficiency in determining eligibility for and
size of the take-out loan, cash-flow constraints may be exacerbated and efficient buildings
with higher first costs may be penalized. The owner of an efficient office building with
low monthly bills will be able to afford higher monthly loan payments, al other things
being equal. The major secondary lending agencies for residential mortgages (Freddie Mac
and Fannie Mae) now consider energy efficiency in their lending decisions, although many
banks do not. It is unclear to what extent commercial lenders account for energy costs,
since these lenders suffer from lack of information about the efficiency of particular
buildings and about the potentia for cost-effective improvements in efficiency.

Cash-flow constraints may also be important for certain utility customers,
principally small businesses (some of whom may be the future tenants of a new office
building). EPRI (1987b, p.C-4) notes that many small firms have a high probability of
bankruptcy (roughly 50% fail within five years of startup). The energy efficiency of
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buildings probably "plays only a minor role in the survival of these types of operations’
(EPRI 1987b, p.C-4).

In this case, high discount rates are a reflection of the high opportunity cost of
displacing consumption now for future returns. They may therefore be the result of
rational calculations for businesses just getting by, but may still result in a suboptimal
societal outcome. These constraints may also be related to risk aversion, since the business
owner's perception of cash-flow constraints are affected by how the owner perceives risk.

The most successful businesses tend to locate in new buildings, while the marginal
businesses occupy the less expensive older space. Tenant cash-flow constraints (e.g., for
small tenants) are probably not a major issue affecting efficiency of new offices, though
they may be important in certain cases. Developer cash-flow constraints are moregenerally
aproblem, though they also are less severe for the larger buildings that have tenants who
have already prel eased the space (i.e. promised to occupy it when completed).

Regulatory Distortions

While regulatory distortions are not strictly market failures, | include them here
because they define the bounds within which the market is constrained to operate.

Regulatory Bias

Under current regulatory practices (outside of California), the profit of utilities will
be reduced if they implement conservation, even if the conservation costs them nothing.
This effect occurs because of imperfect regulation. The electricity price set by the
regulators isbased on forecasts of fixed costs, variable costs, and electricity sales. If the
utility sells exactly the amount of electricity assumed in the forecast, it will recover exactly
itsfixed and variable costs. If, after the rate is set, the utility can increase sales above the
forecasted leve, it will collect additional revenues. The fixed costs do not increase with an
increase in consumption, but the fixed cost portion of the rate continues to accrue to the
utility. The variable cost portion of the rate is always offset by the increased variable costs
associated with the increase in electricity generation. Under these conditions, two cent per
kWh conservation will always be less profitable than two cent per kWh supply, and the
utility will therefore favor the supply option (NPPC 1989d).

Cdliforniaingtituted the Electric Revenue Adjustment Mechanism (ERAM) in 1982,
which corrects for thisregulatory failure, but may introduce other regulatory inefficiencies
(CPUC 1986, Marnay and Comnes 1989).

Average Cost Pricing

Related to this regulatory bias is that price is set equal to average cost for U.S.
utilities. Since prices do not reflect the long-run marginal cost (LRMC) of power, the
electricity usage choices of electricity customers cannot be optimal from society's
perspective. Since prices do not always reflect costs by time of day (especialy for smaller
commercial customers), consumers use too much electricity at expensive peak times and
too little in off-peak periods. Whether this regulatory distortion causes an increase,
decrease, or no change in energy use is unclear. It depends on the availability of energy
storage technol ogies and time-varying elasticities of utility customers. This distortion does
imply that consumers are not paying the true costs of their usage decisions.

This regulatory failure results in some loss of economic efficiency, but it is
politically difficult to correct. Calculating LRMC is problematic and contentious, and there
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are technical and cost constraints on implementing time-of-use pricing for al customers.
Special mechanisms (without precedent in U.S. regulatory history) would have to be
established to collect additional revenues when LRMC was below average costs, and to
rebate excess money when LRMC exceeded average costs.

Building Codes

Obsolete building codes may inhibit innovation and cost-effective conservation
(Oster and Quigley 1978). Local U.S. building codes contain outdated requirements that
interfere with efficient construction. Many of these codes are decades old, while most
efficiency technologies have been developed in the last ten years and are evolving rapidly.

The number of building codes in the U.S. (thousands) inhibits economies of scale
achievable through mass production. Each building is usualy custom built to local
standards. If codes were standardized, the planning and design process would be
simplified, and penetration of new efficient technologies (which benefit from mass
production) would be accelerated. There has been some standardization through the model
code process, but large variations remain (ACHRN 1989c).

SQubsidies for Established Energy Technologies

Subsidies for established energy technol ogies reduce energy prices below their true
cost to society. Unfortunately, there has been little recent work on quantifying the annual
size of subsidies for conventional energy sources such as coal, oil, gas, hydroelectric, and
nuclear power in the United States. The work completed in 1985 by Heede and Lovins
(1985), reports total annual Federal subsidies to conventional energy resources of $46
billion in 1984, but hasbeen criticized as incomplete (Rothkopf 1985). Bezdek and Cone
(1980) assessed subsidies in a comprehensive and rigorous fashion, but they only reported
cumulative subsidies. They found total cumulative Federal subsidies up until 1977 of $210
billion (1977%). Qil production and eectricity transmission and distribution garnered more
than 80% of thistotal. Unfortunately, the work of Bezdek and Cone, and that of Brannon
(1974) are not representative of current subsidies in the U.S. More work is needed to
quantify subsidies based on current data.

Sales, Income, and Property Taxes

Three types of taxes are relevant here: Sales taxes, income taxes, and property
taxes.9 This section calculates the investor's perceived costs from taxes, assuming a real
cost of debt capital for the investor of 8 percent (after Borden et al. (1982)). This cost of
capital is also used as the discount rate, when appropriate.

Sales Taxes areusually levied by states, and are calculated as a percent of the sale
price of agiven device. Such taxes usually increase the cost of energy efficiency and other
goods by eight percent or less. |If the sales tax applies to energy conservation devices but
not to fuels or eectricity, a slight bias away from conservation is produced. Twelve

9Theinitial impetus for the analysis presented in this section came from Marshall (1980) and discussions
with Rosalie Ruegg at the National Bureau of Standards.
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stateslO tax conservation but not residential fuels, and one state (Rhode Island) taxes fuels
but not conservation. No state currently exempts from sales tax energy used in commercial
buildings (Mendoza et al. 1989). Sales taxes therefore may be important in affecting
investment in residential efficiency improvements in some states, but are not important for
those in new offices.

Income taxes are more complicated than sales taxes in their effect upon energy
efficiency. Theincome tax rate affects the percelved benefits from energy efficiency, since
energy costsare atax deductible item. If energy costs are reduced by one dollar, income
taxes will increase by $0.28 to $0.34 for marginal tax rates of 28 to 34 percent.

Marginal Federal income tax rates of most real estate investors are 28 or 33 percent,
while the corporate tax rate is 34 percent. State income tax rates range from zero to about
9% (Mendoza et a. 1989). Rosen (1989) describes how to calculate an overall marginal
tax rate that accounts for the federal deductibility of state and local taxes. The 34% tax rate
is close to that of ataxpayer in the 28% Federal bracket paying 8% state and local taxes.

Depreciation, which depends upon capital expenditures, increases tax-deductible
costs by some fraction of the capital cost of the efficiency measure, thereby reducing taxes.
Straight line depreciation!! and atax lifetime of 31.5 years implies an annual depreciation
benefit of 3.2 percent of initial capital costs.1?2 Interest payments on loans are tax
deductible, which isafurther tax benefit for capital investment. Finally, a few states have
tax credits for energy efficiency and renewable energy investments, though these only
rarely apply to offices or other commercia buildings (Mendoza et al. 1989).

Thefirst year effect of these different tax costs and benefitsis summarized in Table
V.8, for efficiency investments with different simple payback times and a 31.5 year
investment lifetime.13 The income tax system increases the effective cost of short payback
time efficiency investments and decreases the effective cost of longer payback time
investments. An investment with a pre-tax three year payback has a net after-tax ssimple
payback time to the investor that is 13 percent longer (assuming a 28 percent marginal tax
rate). Equivalently, the effective capital cost of the measure has been increased by 13
percent. Assuming a 34 percent marginal tax rate increases the perceived cost of this
conservation measure by 19 percent. The perceived increase is more severe for measures
with shorter payback times.

Property taxes are perhaps the least understood tax affecting energy efficiency.
These taxes are levied annually as a fraction of the assessed value of the building (or are

10Colorado, Kentucky, Maryland, Minnesota, Mississippi, Missouri, Nevada, New York, South Carolina,
Tennessee, Virginia, and Wisconsin.

11gtraight line depreciation means that depreciation costs are allocated evenly over the tax lifetime of a
capital investment.

12This percentage equals the inverse of the lifetime of the measure. The 1986 tax law requires that for real
commercia property (i.e., the building itself and all devices permanently attached to it) the tax life for
depreciation purposes will be 31.5 years, which is longer than the depreciation period alowed in the earlier
tax law (19 years for most rea property). See Shenkman 1987 for more detalls.

I3Most efficiency investments are attached permanently to the building and are thus classified as real
property.
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levied on some fraction of the assessed value). The effective annual tax rates are usually
less than five percent of thetotal valueof the building. Bradbury and Ladd (1987) list the
effective city property tax rates for fifty-six U.S. cities as 0.63 percent in 1982. Cities in
the Northeast census region have city property taxes that total 1.62 percent in 1982, while
the Western census region boasts city property tax rates of 0.22 percent in 1982. These
estimates do not include property tax assessments for school districts, county government,
and other municipal government entities. No information was available on differencesin
tax rates between residential and commercia buildings. Some states offer property tax
exemptions for solar or other aternative energy devices. None offer such exemptions for
energy efficiency (Mendoza et al. 1989).

Property taxes appear to be small, but because they are annual and are based on
assessed value, they could have alarge effect on the perceived cost of an energy efficiency
investment. The importance of this effect depends on how the value of the building is
assessed. Because the effect of property taxes on the perceived cost of efficiency is
extremely complicated to calculate, this section discusses the issues qualitatively. Chapter
V1 uses a discounted cash-flow model to estimate the effect of different assessment
methods on net present value and internal rate of return.

Two separate entities are charged with such assessment: the tax assessor must
estimate the building's value for tax purposes, while the real estate appraiser must estimate
the building's value for future sale. These assessments need not correspond, though for
convenience, this discussion assumes that they do.

Consider two buildings, identical except for energy efficiency. The effect of
property taxes on the perceived after-tax return of the more efficient building depends upon
how well the tax assessor incorporates the value of energy efficiency. Three cases that
gpan the range of possibilitiesare

1) Zero Assessment: theassessor assigns the building a value that is equivalent to
that of comparable office space elsewhere, without considering capital costs or
energy efficiency.

2) Cost Assessment: the assessor assigns the building a"value" that is based solely
on its capital costs. This method is straightforward to implement, but it ignores
both the value of equivalent office space and the value of efficiency.

3) Value Assessment:  the assessor assigns the building avalue that is based on the
value of comparable space and the additional present value (PV) of future cash
flows attributable to the efficiency option. According to theory, the price of the
building should be bid up until its price exactly equals this present value, and the
assessment tries to approximate this outcome.

If the tax assessor completely ignores the energy efficiency in her assessment, the
property taxes will not be increased at all. However, ignoring the energy efficiency
understates the true value of the building, since arational investor should be willing to pay
up to PV dollars more for the more efficient building (all other things being equal) since it
has lower operating costs. If the tax assessor assesses only the additional capital costs
(i.e., focuses solely on the cost of the conservation and not on its value), the perceived
after-tax cost of the energy efficiency will be increased by the present value of the property
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tax rate times the increase in capital cost.14 In the case where the tax assessor accurately
calculates the true value of the building compared to a comparable building (i.e. adds PV
dollars to the value), the perceived after-tax cost of efficiency will be increased by the
largest amount, which is equal to the present value of the property tax rate times PV.

Research is needed to determine the actual method used in assessing value for
property tax purposes. If neither tax assessors nor real estate appraisersaccurately account
for the value of efficiency, then the developer who installs such measures can have no
guarantee of an increased sale price for the building, which reduces the benefits from the
investment. If building energy rating systems are instituted widely (see Chapter V) and
building prices change to more fully reflect operating costs, property tax assessments will
more closely correspond to the Value Assessment case, which may impute a penalty to the
cost savings from such investments.

CONCLUSIONS

Market failures and regulatory distortions can be divided into those that inhibit
adoption of conservation with costs less than or equal to the price of energy, and those that
justify investment in efficiency beyond the market price of energy. Information costs,
asymmietric information, satisficing, taxes, and risk aversion fall into the former category,
while externalities and subsidies are examples of the latter.

Some of the failures analyzed above are more important than others in the market
for efficiency in new commercial office buildings. The failures related to market structure
and perfect competition (with the possible exception of market power related to building
location) are not serious. The market failures connected with information, economic
rationality, risk aversion, side effects, regulatory distortions and cash flow constraints
probably have greater impact and are worthy of further investigation.

Overall themes

Transactions costs are a recurrent problem in the market for energy efficiency. This
market involves decisionmakersin every sector of the economy, most of whom are not
concerned with energy per se, but with reducing energy costs, which are usualy a small
part of their total costs. The conservation potential is composed of millions of individually
small conservation actions and investments that comprise significant savings in the
aggregate. These transaction costs inhibit information collection and dissemination, slow
institutional changes, and increase risk aversion.

Energy use is of secondary concern to people involved in 