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ABSTRACT

ENERGY ECONOMICS IN OFFICE BUILDINGS

The central hypothesis to be tested by this thesis can be

stated as follows: A relative increase in the expense of energy

consumed in a commercial office building has the effect of reducing

the value of the office building. A second and parallel hypothesis .

in the policy area was also tested as follows: The price mechanism

operating on the demand for energy in the commercial office building

market serves the public interest in encouraging energy conservation.

Commercial building energy usage, energy pricing and policy are
explored in detail in Chapter I. The relative place energy holds
in the expense of operating a commercial building as well as the
place energy consumption holds in the commercial office sector is
explored. These studies lead to the conclusion that energy expense
and energy consumption are important respectively in these areas.

It is also shown that it is in the national interest to reduce the
consumption of non-renewable energy sources. Technical capabilities
were then reviewed and it is established that it is feasible to reduce
the consumption of energy in both existing and new commercial office
buildings.

Chapter II Sfudies the importance of energy cost in determining
value in a theoreticaleodél. A hypothetical building is established
and the parametérs'from this building are used is a net present value
model. Using a set.of technical forecasts converted to growth rates
of energy expense;bit is demonstrated that the internal rate of

return, being an accepted scale of value, was not sensitive to

changes in the cost of energy consumed.
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An empirical study of energy and market values was the subject
of Chapter III. A model of commercial building value was established
as follows:

V =1£f (lot size per unit area, income ver unit area, energy

consumption per unit area, number of parking stalls
per unit area, number of stories, type of construction,
presence of air conditioning, quality, age, parking
underground, presence of an elevator, sales date and
location)

Information on energy was obtained from B.C. Hydro computer
files and all other data was obtained from the fiies of the B.C.
Assessment Authority.

The regression results from the empirical study are analyzed
in Chapter IV to determine the significance of energy in determining
market value. Indefinite results were achieved for the energy
variable coefficient, but the regression model proved to be significant,

and the R2

show that the model is a good predictor of value.

It is evident_that a degree of multicollinearity is present
in the data, and an additional regression is included using a model
with highly correlated variables removed. The results of this
regression indicate that the degree of multicollinearity was not
responsible for the indefinitive results. It is concluded that the
market value of a commercial office building is nbt affected to a
significant extent, by an increase in the consumption of energy.

The central hypothesis is therefore not supported by the émpirical

results.
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Energy policy is reviewed in Chapter V. This review includes
a number of available policy tools available to government. The
chapter concludes that pricing policy alone is likely inadequate
to reduce energy consumption.

In the concluding chapter, the central hypothesis is rejected.
This conclusion is supported by both the theoretical and the
empirical analyses. The second policy hypothesis is also rejected,

and a number of possible policy measures are suggested.

Thesis Supervisor
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CHAPTER I

INTRODUCTION TO COMMERCIAL BUILDING ENERGY USAGE, ENERGY PRICING
AND POLICY

The theme of this thesis is the analysis of the effect
of energy consumption on the market value of commercial office
buildings in Canada. An attempt is made to determine if energy
conservation measures are reflected in commercial values and to
link any relationship to national and provincial energy policy.

The importance of this study can be demonstrated by
reference to both the private and public sectors of the economy.
In the private sector, a prerequisite for a successful invest-
ment has been shown to be accurate information about the present
and future émounts of income, value and operating expense. This
study will provide information to the private'sector which will
allow better decisions to be made whén considering expenditures
on plant and equipment for the purpose of using or conserving
energy (e.g. capital expenditure and operating expenses).

In the public sector, governments at local, regional
and national levels in both Canada and the United States can
make use of the results of this study to evaluate the impact of
the price mechanism in controlling the demand for energy in com-
mercial office Dbuildings. This could be one tool for
formulating policy relating to the control of energy usage in

the commercial sector.



The central hypothesis to be tested can be stated as

follows: A relative increase in the expense of energy consumed

in a commercial office building has the effect of reducing the

market value of the office building.l This hypothesis is dev-

eloped theoretically and tested empirically to determine whether
a relationship between energy expense and market value exists
and if it exists, to determine the strength of the relationship.
The timing of the adjustment in value to the changes in the rel-
ative costs of energy depends in part on the contractual rela-
tionship between landlord and tenant, e.g. leases. The empiri-
cal work is based on a sample of commercial office buildings in
the Greater Vancouver area.

To the extent that the relationship exists as describ-
ed in the hypothesis, and commercial office building owners and
future investors show a significant interest in energy usage, a
second hypothesis in the policy area is tested. This hypothesis

is that: The price mechanism operating on the demand for energy

in the commercial office building market serves the public

interest in encouraging the conservation of energy. This hypot-

hesis considers that energy is a scarce resource, and that con-

servation of energy is in the public interest.

1 The measurement used in this study is the amount of energy
in kilowatt hours per square foot per year (KWH/FTz/YEAR)
consumed by a commercial building. An increase in energy

expense may be caused by an increase in the quantity or an
increase in the price per unit of the energy.



ed:

(1)

(2)

(3)

(4)

(5)

(6)

The following supplementary questions will be address-

Do commercial buildings in Canada consume a signifi-
cant amount of energy when related to total levels in
all sectors in Canada?

In the economics of building operations, is energy
consumption significant relative to other costs?

Is it technically possiblé to achieve a significant
reduction in the amount'bf energy consumed by commer-
cial buildings?

If the office building market does not value energy
conservation at the same level as society generally,
are policy measures necessary?

What policy measures are available to legislators to
promote a decrease in consumption of energy in commer-
cial buildings?

Can these policies have the desired effect of reducing
energy consumption without undesirable secondary im-

plications?

Fach of the hypotheses and supplementary questions will be deve-

loped further throughout the thesis.

In general, the theoretical information used as back-

ground for this thesis originated in the United States. An

effort has been made to incorporate factors relating to the

Canadian situation as much as possible using Canadian data and



publications as information sources when available. It is nec-
essary to measure the extent to which commercial buildings con-
tribute to the total demand for energy in various forms 1in
Canada so that the importance of this sector may be put in
perspective. Further, both the current state of the art in
reducing energy consumption from historic levels, and the
attitudes and efforts of building owners towards reducing energy
consumption are considered.

DO COMMERCIAIL BUILDINGS IN CANADA CONSUME A SIGNIFICANT PORTION
OF TOTAL ENERGY CONSUMED?

The National Energy Board has published information
showing that Canada will eventually become self-sufficient in
some forms of energy, but will be heavily dependent on imports
in others. Canada seems most vulnerable in the supply of crude
0il, particularly in the Eastern provinces. Net import figures
for crude o0il, published by Energy Mines and Resources

(E.M.&R.), National Energy Policy (1980), indicate that by 1985,

16 percent of demand will be met by imports. It is questionable
whether this figure will be lower by 1990 despite assurances of
the federal government. Natural gas estimates released by the

National Energy Board in Canadian Natural Gas - Supplj and

Requirements (1979) project a shortfall in production starting

in 1992. This shortfall is projected to increase to 52 percent

by the year 2000, but the shortfall varies according to the type



of energy. Hence conservation and inter-fuel substitution may
both be goals of national importance.

According to the Building Owners and Managers Associa-
tion (BOMA) (1980); a breakdown of the sources of energy used to
heat, cool and ventilate commercial buildings shows that approx-
imately 40 percent of the consumers use oil, 30 percent use gas,
and 30 percent use electricity. This amounted to 11 percent of
the o0il consumption in Cahada, 19 percent of the natural gas,
and 25 percent of the electricity. On average, commercial buil-
dings use 13 percent of the total energy from all sources con-
sumed in all sectors.

Considering the extent of consumption by commercial
buildings, a substantial reduction in the usage of oil and natu-
ral gas will have a significant effect on the levels of imports
and the levels of projected shortfails.

There are questions concerning a reduction the usage
of electrical energy either through a reduction in the demand or

through inter-fuel substitution. In Energy Futures for

Canadians, Gander and Belaire (1978) projected that the use of

nuclear power for generating electricity would account for 36

percent of the total capacity in Canada by 1992. The current
concerns relating to uranium mining and the public safety

aspects of nuclear power generation, combined with the excessive

costs involved in the construction of nuclear plants, lead to

the belief that efforts made to reduce reliance on electrical



power in the commercial sector would be considered to be a
significant benefit to society.

A reduction in the use of energy generally, and in
commercial buildings in particular, would have other beneficial
effects. First is the advantage of reducing the country's reli-
ance on imported o0il since office buildings rely heavily on this
source of energy (40 percent of offices use o0il for heating).
Reductions in the use of natural gas and electricity may also
affect the balance of payments indirectly, but the direct import
of o0il is much more significant than the indirect effect of
natural gas and electricity combined. (As a consequence the
focus is on the "oil" issue). This would alléviate, in some
measure, the inherent problems of shortagg of domestic supply
and the problems generated by an adverse balance of payments.
Second, the preservation of all domestic non-renewable resources
for future generations is considered to be an important policy
objective and any reduction in aggregate office demand for ener-

gy would contribute to this policy.

Alternative Sources of Enerqgy

Reliance upon alternative sources of energy has Dbeen
suggested to bring about a change in the consumption pattern for
oil, natural gas and electricity with the substitution of renew-
able energy sources for commercial buildings. Solar radiation,

geothermal energy and wind energy are three renewable energy



sources which have, in isolated instances, been used as substi-
tutes for non-renewable sources in buildings. Use of such
substitutes has been primarily experimental and the replacement
of conventional energy sources by such renewable sources has not
made significant in roads at this time.

It has been suggested that inter-fuel substitutions
will forestall the domestic shortgage of oil and ease the bur-
dens arising from importing oil. A summary calculation of an
attempt to make up the oil deficit by the year 1990 by substitu-
ting surplus natural gas shows £hat, after substituting the
natural gas surplus, there still remains an approximate short-
fall of 50 percent. This heavy reliance on natural gas 1is
therefore a very short term solution.

The substitution of electricity for oil or natural gas
would, as mentioned previously, require heavy reliance on
nuclear power, with the problems inherent in this method. The
substitution of another non-renewable resource in the form of
coal, or gas manufactured from coal, holds some promise for com-
plementing and perhaps replacing oil. It is noted, however,
that while the requisite technology is available, the coal
reserves of Canada are limited. Some estimates (Williams, 1980)
suggest the life of proven coal reserves will not extend beyond
the year 2035, (based on projected levels of increase in the use

of coal).



Stobaugh and Yergin (1978), suggest that the use of
conservation measures, as opposed to finding new sources of
energy, is the only reasonably method of reducing the
consumption of energy in buildings. In describing conservation,
Stobaugh and Yergin state:

There is a source of energy that produces no

radiocactive waste, nothing in the way of petro-

dollars, and very little pollution. Moreover,

the source can provide energy that conventional

sources may not be able to furnish. (page 136)

They point to a trend in the United States where sub-
stantial reductions in the amount of energy used in both private
and government buildings have been achieved. Cost considera-
tions over the life-cycle of a building, rather than the histor-
ical practice of using first-time capital cost calculations, is
gaining greater usage. Savings through conservation do not re-
quire major technological breakthroughs and, in most cases, do
not require major changes in lifestyles. The major barriers to
the conservation of energy are found to be institutional, polit-
ical and social. A government policy designed to champion the
cause of conservation may help to overcome some of these obstac-
les.

Three types of conservation programs are cited by
Stobaugh and Yergin. The first two, involuntary curtailment due

to supply interruption and externally imposed measures which re-



quire a major 1lifestyle change, are considered undesirable.
Instead the methdd called "productive conservation" is to be
encouraged. Productive conservation refers to those measures
which encourage changes in the existing capital stock and
promise changes in behaviour which encourage the use of less
energy in an economical and socially non-disruptive manner.

A problem with productive conservation derives from
its fundamental characteristics --~ it is a highly fragmented
approach. It implies the need for discipline and constant moni-
toring at the individual level. At the time of the 1973 oil
crisis, experts of the day, who -promote the expansion of energy
production in oil, nuclear power, coal and gas, developed a uni-
fied, hence powerful voice. Conservationists, although current-
ly receiving government and popular support, are not as well
organized, hence not as powerful. As a consequence, conserva-
tion is often relegated to the background in favour of more
glamorous and exciting energy solutibnsp

In the Report on Energy from the Association of

Professional Engineers of British Columbia (1978), a recommenda-

tion was made that there must be an ongoing commitment to con-
servation on the part of government and every citizen. In a

description of the North American situation, the editors state:
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It has been mentioned many times in the press
that Canada and the U.S. are the two most
energy intensive nations in the world. Al-
though living spread out along a narrow strip
in a cold climate increases our needs for
transportation and space heating, our energy
consumption is excessive. This is largely due
to our love of large cars and occupation of
well heated but poorly insulated buildings,
the ready availability and low price of
energy, especially petroleum products. (Page
12)

IN THE ECONOMICS OF BUILDING OPERATIONS, IS ENERGY CONSUMPTION
SIGNIFICANT RELATIVE TO OTHER COSTS?

Various studies have been initiated to determine levels
of energy consumﬁtion in different building structure types. Two
examples include the Ontario Hydro (1978) survey of 80 buildings
in Toronto, and the Building Owners' and Managers' Association
(B.O.M.A.) study of buildings in a selection of cities in Canada
in 1977. The Ontario Hydro study reports that energy consumption
in buildings range from a low of 19.0 KWH/ft2/yearl to a high -
of 87.0 KWH/ftz/year.- By generally accepted standards, this
represents an excessive range. The buildings at the high end of
the range are judged, by contemporary standards, to Dbe
unacceptably high. B.O.M.A. reported an even wider range in per
unit usage, from 18.0 to 169.0 KwWH/ft2/year. B.0O.M.A. also
noted that energy costs for office buildings averaged 30.9

percent of the total variable costs, excluding maintenance,

1 Energy is measured in kilowatt hours per square foot per
year (KWH/FT2/YEAR) as a standard in Canada.
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repairs and material purchase, of the building. The breakdown
of variable costs in a typical office building is illustrated in
Figure 1.1l It can be seen that energy 1is the most significant
variable cost.

Cleaning, at 22.8 percent, is relatively high but this

variable includes high labour cost.

L ELECTRICAL 2.4
HEATING 3.1

AR CONDITICNING 4.2

ELEVATORS 55

HVAC 8.0

CLEANING
22.8

ADMINSTRATIVE COSTS
8.4

GENERAL
8LDG.
COSTS
4.5

BREAKDOWN OF InpivipuaL VAriaBLE (0sTS

Figure 1.1

SOURCE: BUILDING OWNERS AND MANAGERS ASSOCIATION
DOWNTOWN AND SUBURBAN OFFICE BUILDINGS EXCHANGE REPORT

(1980)

1 Energy costs include the utility costs principally for
natural gas, oil and electricity. The electrical (2.4
percent), heating (3.1 percent), air conditioning (4.2
percent), elevators (5.5 percent) and heating, ventilating

and air conditioning (HVAC 8.0 percent) Trefer to the
percentages of variable costs for system maintenance.
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Further, the Ontario Hydro study provides information

on average consumption. Average consumption in 1977 was

44 .4 KWH/ftz/year in the sample of buildings in the Toronto

area. A follow-up survey the following year confirmed that

average consumption was in the 40-45 KWH/ft2 range. A B.C.
Hydro study of seven buildings in Vancouver for the year 1979
reported the average consumption to be 68.3 KWH/ft2. A more
recent survey by the British Columbia Building Cor?oration
(B.C.B.C.), inclhding 110 buildings under its control, reported
an average annual consumption of 40.4 KWH/ft2/year. The mini-

mum consumption in this study was 12.4 KWH/ftz/year, the maxi-

mum was 160.7 KWH/ft2/yearl, and the average was
40.4 KwWH/ft2/year. (See Table 1.1)
TABLE 1.1
AVERAGE HIGHEST LOWEST
STUDY CONSUMPTION CONSUMPTION CONSUMRTION
KWH/ft4/year KWH/ft4/year KWH/ft4/year
ONTARIO 44 .4 87.0 19.0
HYDRO
BOMA 48.6 169.0 18.0
VANCOUVER 68.3 157.6 20.1
BCBC 40.4 160.7 12.4
1 Studies comparing consumption in different climatic condi-
tions, although allowing for a difference in degree-days,

indicate a very small difference in the total unit energy
consumption.
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Referring to Table 1.1, these four studies confirm that.
there exists a wide range bf energy consumption’per square foot.
Further, these ranges cannot be explained by reference to geo-
graphic location sinée wide variations in consumption were found
in each study. These facts, combined with expense data provided
in the BOMA study, confirm that, on average, energy is the single
largest operating expense item. Furthermore, in a large portion
of the buildings, those with above average consumption of energy
costs, expressed as a portion of_total cost, will greatly exceed
the BOMA average.

IS IT TECHNICALLY POSSIBLE TO ACHIEVE A SIGNIFICANT REDUCTION IN

THE AMOUNT OF ENERGY CONSUMED IN COMMERCIAL BUILDINGS (THE CON-
SERVATION ISSUE)?

In relation to the existing stock of buildings, how
far if at all can the average consumption of energy be reduced?
How far below the current 40 KHW/square foot/year average unit
consumption can either a retrofitted building or (a building re-
novated for enefgy efficiency) improved operating procedures re-
duce energy consumption?

In order to determine wha£ is technically possible, it
is first necessary to Dbriefly outline those factors that will
influence enerqy consﬁmption. The major factors which will de-
termine annual energy consumption include:

(1) Desired internal temperature during occupation (by

heating or cooling).



(2)

(3)

(4)

(5)

- (6)
(7)

14

Total square footage to be conditioned (heated or
cooled).

Number of days per year and hours per day at the de-
sired internal temperature.

Permitted internal temperature while unoccupied.
Physical characteristics of the building, e.g. insul-
ation, type of construction material, building design,
glass area, etc.

Climatic conditions.

Management of climate control systems, e.g. are per-

mitted unoccupied temperatures achieved efficiently.

A number of studies have attempted to determine wheth-

er significant reductions in energy consumption are possible.

One study, sponsored by the National Research Council (NRC), and

carried out by Vinto Engineering Ltd. (1978), performed exten-

sive energy simulation studies on four office buildings (an ex-

planation of these simulation methods occurs later in this sec-

tion).

(1)

(2)

The purposes of the study were threefold:

The energy simulation program was to be tested for re-
liability by comparing it with actual consumption.

A typical office building was analyzed to determine
the effects of climate, size, shape and period of oc-
cupancy on energy consumption in order to explain the

wide spreads in unit consumption figures.
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(3) The potential reductions in the energy conéumption of
eiisting buildings was investigated through the
application of pre-determined, low-cost energy
management programs.

The test of the simulation program proved successful: the stimu-

lated consumption figures were within three percent of the actu-

al figures confirming the accuracy of the simulation methods.
The NRC study reported that the factor having the

greatest effect on energy consumption was the hours of work per

day . This was followed by the number of work days per vear.

The most important physical parameter was found to be the ratio
of outside surface area of the building to floor area. The
variables which were found to be the least significant were cli-
mate, internal heating levels and, only slightly more important,
internal cooling levels.

The implementation of simulated changes to systems to
determine reduced energy usage started with a group of items re-
quiring no capital outlays. These included: shut-down of mech-
anical and electrical systems from 6:00 p.m. to 7:00 a.m. on
workdays, and all day on non-workdays; thermostat settings of
21°Celcius from October lst to May 31lst, and 24°Celcius from
June lst to September 30th; removing tubes from light fixtures
to reduce lighting energy to 2.5 watts/square foot; and reset-
ting service water temperatures to 43°Celcius. The addition of

these modifications to the base model decreased the annual equi-
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valent energy consumption by 50 percent, with little increase in
capital cost.

Changes to systems requirihg minor capital expendi-
tures were studied. These included: air quantity adjustments,
fixture changes, rewiring and ballast removal, reduced outside
air ventilation rates, and elimination of reheat using radia-
tors. The addition of these minor-cost items had the effect of
improving the total energy reductions, including the no-cost
items, to 60 percent.

This process was repeated on two other buildings of
different size and system types. Reductions in consumption var-
ied from 57 to 60 percent. A fourth building was checked and
was found to be operating at a minimum of 23 KWH/square foot/
year, and it was found that, without sophisticated and high cost
revisions, lower consumption was not possible. This fourth
building had a system for heating and air conditioning similar
to the other three. Lighting levels were also equivalent. Con-
sidering that there were no sophisticated solar systems or heat
storage systems, the low figure of 23 KWH/square foot/year may
be considered a minimuml, and the control and operation of the

systems used as a model. The reductions in consumption in the

1 The methods of achieving consumption figures less than 23
KWH/square foot/year are considered uneconomical since this
required more sophisticated equipment and systems.
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three buildings where system revisions were simulated yielded
final figures of 40 KWH/square foot/year, for one building, and
24 KWH/square foot/year for the other two buildings.

For comparison purposes, the consumption figure for
Vancouver's provincial court house and office complex is pre-
dicted to be 35 KWH/square foot, while the consumption figure

for the new Ontario Courthouse in Energy Management Canada

(1980) is predicted to be 13 KwWH/square foot/year. Actual con-
sumption figures for these buildings should be available soon,
and will attract some interest.

A paper by the American Institute of Architects,
(1979) "A Nation of Energy Efficient Buildings by 1990", con-
cludes that the potential saving for existing buildings is 30
percent (from 40 KWH/square foot/year to 28 KWH/square foot/
year) and for new buildings, a saving of 60 percent (from
40 KWH/square foot/year to 16 KWH/square foot/year) could be
achieved. These estimates are based on case studies of office

buildings in major American cities from 1976 to 1978.

Technical Standards for Enefgy Efficient Buildings

Studies of various programs of retrofit and investment
in energy conserving devices is reported by Jackson (1979). Re-

produced in Figure 1.2 is a graphical representation of the ben-
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efits in energy reduction compared to expenditures of capital
funds.l

The results of this study, shown in Figure 1.2 indi-
cate that significant reduction in energy consumption can be
achieved with small capital investments (e.g. a 10 percent in-
crease in capital cost achieves a 50 percent reduction in energy
use), but that the returns from additional capital diminish

dramatically.
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Space heating and air conditioning energy use vs capital
cost for typical office building with dual duct system.

FIGURE 1.2

SOURCE : JACKSON, J.R., An Econometric-Engineering Analysis Of
Federal &Energy Consumption Programs, U.S. Dept. of
Commerce, January, 1979,

1 In Figure 1.2, the term "dual duct system" refers to an all
air heating-cooling system commonly used for office build-
ings. HVAC is an industry abbreviation for heating, venti-
lating and air conditioning.
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Guidelines for the design of new commercial buildings
are available to the industry from the American Society of Heat-
ing, Refrigeration and Air Conditioning Engineers (ASHRAE).
ASHRAE is a technical organization, recognized as the standard
setting agency in the mechanical design, construction and manu-

facturing industries. In the 1978 Applications Handbook,

ASHRAE, provided a description of the important energy conserva-
tion considerations for new building design. This handbook
suggests setting temperature standards within a range of
2.3°Celcius in summer (23.3°Celcius to 25.6°Celcius), and
2.2°Celcius in winter (21.1°Celcius to 23.3°Celcius). The
report  also suggests Ventilation rates for outside air which
have been reduced to consume less energy. ASHRAE (1980) indi-
cates that many dynamicl consefvation measures presently in
use are more appropriate than the passive measures currently
used in building design.

Clearly a range of energy conservation methods can be
employed in commercial buildings. The building's structural
"envelope" is as important as either the type of mechanical sys-
tem or the type of control system. In order to analyze the
energy problem, computer simulations have been developed where

the thermal behaviour of a commercial building can be simulated

1 Dynamic measures are those that require mechanical means of
energy movement (e.g. pumps and fans).
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using one of a ﬁumbéf of programs available. In Canada, the
program most commonly used is the Energy Systems Analysis (ESA)
program by Merriwether (1976) which, up to early 1980, was
supported by Public Works Canada, and could be used without
royalty charge. Computer simulation techniques are used on new
designs to determine the effect on energy conservation of diff-
erent materials and equipment. Similar techniques are used on
existing building to determine the extent and economics of ret-
rofit programs.

Another method of analysing the energy efficiency of
the existing stock of commercial buildings is the use of infra-
red photography to produce "thermograms". A description of the
technique and pictorial results is shown in the National

Geographic's, "Special Report on Energy", (1981). The location

of maximum energy loss in a building can be located from such
photographs; then action taken to reduce the losses through
remedial techniques including insulation, reduction in outside

air infiltration or double-glazing.

Pricing Mechanisms and Their Effects on Consumption

A reduction in the cost of energy in a building can be
achieved ih,ways that have little effect on the total amount
consumed. These systems take advantage of the method of billing
for electrical energy. Commercial electric meters indicate both

consumption, as the amount of energy actually consumed, and the
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peak level of energy used over a set period of time. This peak
level of energy used at any point in time during the billing
period is referred to as the "demand 1level" for billing
purposes. If the peak level of energy consumption was 1000 KW
and thé demand billing period was six months, the amount of
"demand billed" or that period would be based on 1000 KW of
electricity for the entire period. To eliminate short duration
surges of power caused by motor start-up, the peak level must
last at least fifteen minutes to be considered in calculating
the demand billing for the six month period.> Hence, a reduction
of the peak level of demand (when consumption is at its highest
level), can effect substantial savings in demand charges over
the entire six-month period because the demand billing would
then be based on a lower peak.

Fof example, consider this oversimplified case illus-

trating demand peaks.
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750 ¢t - —
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250 { // /
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FIGURE 1.3
ELECTRICAL ENERGY USAGE
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‘During the billing period from month one to month six,
the peak level of consumption was one thousand (1000) kilowatts,
and this level multiplied times the demand charge per kilowatt
determines the demand billing. The shaded area in the graph is
an indication of the consumption, which is billed on the basis

of the total kilowatt hours (KWH) multiplied times the unit rate

per kilowatt hours. A reduction in the level of consumption
during the last two weeks of month six therefore, would reduce
the demand billing level to 750 KW, or a 25 percent reduction,
while the consumption in KWH was not significantly reduced.
Included in current technology are systems which util-
ize thermal storage for the purpose of "peak shaving" or reduc-
ing demand. Heat and cool storage allows the equipment, usually
electrically-driven chilled water units, to run during off-peak
periods, storing the cold or hot‘ water in large underground
tanks to be used during peak periods. This type of system saves
on the consumption of energy and reduces demand. Heat rejected
from the water chiller is stored when cooling is required in the
daytime and is then circulated to heat the building at night.
The storage of cool water during the night can reduce demand
charges, and allow for more efficient machine operations. This
allows a reduced sized refrigeration machine to operate on a
continual basis, producing higher efficiencies. When maximum
cooling is required during daytime, both the cold water from the

refrigeration machine and the stored cool water are circulated
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to cool the building.

As previously discussed, the optimal temperature swing
allowed by ASHRAE standards was stated to be 2.3°Celcius in the
summer. A simpler method has been developed to store cooling in
a commercial building using the mass of the building. The tech-
nique starts by allowing the equipment to cool the building
during off-peak times to minimum temperature. During peak
periods, the capacity and the consumption are reduced and the
space and mass temperatures are allowed to increase to the maxi-
mum temperature. This method of storage has proven to be very
effective in reducing overall demand.

Peak load shedding methods used for limiting peak de-
mand include the shut-down, or reduction in capacity. of non-
eésential loads during peak periods. Air moving equipment,
pumps and domestic water heaters may be turned off for the
1 - 1-1/2 hours in the afternoon when syétems are creating
expensive peak loads. This action reduces peak load demand with
a minimum discomfort to occupants.

One of the more interesting technical areas of reducing con-
sumption in buildings is the use of "low-grade" heat, meaning
heat at lower temperatures. Low-grade heat is produced in a
building using various heat reclaiming methods, which include
heat from exhaust air systems, heat available from thermal

storage tanks produced by solar collectors, or heat rejected
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ffom water chilling equipment, and heat reclaimed! from flue
gases. Manufacturers have developed air-to-water heat transfer
units with much larger contact surfaces to allow use of this low
grade heat in direct space or ventilation air heating.

Technically feasible and currently economical methods
of using low-grade heat to reduce energy consumption include
heat pump systems. Small systems using air-to-air transfers can
use the heat from the outside to heat spaces to comfortable
temperatures. These systems are efficient, with a coefficient
of performance2 greater than unity at exterior temperatures
down to about minus 18° Celcius. To reduce unnecessary wear on
equipment, since energy is not gained, it is more economical to
switch control to electrical-resistance heating at this point.
The reverse cycle of the heat pump provides cooling, rejecting
heat to the outside air.

In large commercial buildings, and in areas where

there are low—-grade heat "sinks", such as lakes or hot springs,
1 The use of "sorption" systems to produce cooling are also
being considered. Coellner (1980) describes the reactiva-

tion of a sorption dehumidifier using inexpensive energy
such as solar hot water, waste steam, or recovered exhaust
heat. These systems use a bromide solution termed the des-
iccant, which produces cooling by absorbing moisture. The
desiccant is regenerated using low-grade heat. Cooling can
therefore be produced by substituting a low-grade heat
source for electrical power.

2 The coefficient of performance is the ratio of the amount
of heat produced divided by the electrical energy used.



25

the water-to-air "heat pump" is feasible. These units can also
work on the reverse cycle, and.reject heat to the heat sink.
When the condenser water «circuit is maintained at about
24°Celcius, heat pumps on one side of a building may be taking
heat from the circuit while units on the opposite side or the
interior may be rejecting heat. The coefficient of performance
of these small water-to-air units is about 2.2.

There are a number of interesting heat reclamation
methods which are marginally feasible using presently accepted
discount rates. The "Q-Dot" wunit is a patented sealed tube
unit, with a wick material adhered to the wall of the unit.
When heat is applied to one end, the heat is immediately trans-
ferred to the other end by the wvapour. Liquid is returned to
the wick providing a continuous loop. Banks of these tubes are
installed to transmit waste heat from contaminated exhaust air
streams to colder incoming air streams used to ventilate the
space. Another method used with air streams that are not con-
taminated to the same degree is the thermal wheel. A large
wheel infilled with a thermal mat is rotated between two air
streams. The mat picks up the heat from one side and is rotated
to the opposite side where the cooler air is heated.

The relatively sophisticated techniques available for
new buildings have been shown, in current technical literature,
to achieve a reduction of 80 percent in energy consumption. To

achieve this reduction, the addition of complex automation
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automation devices are necessary for control. Computer-based
systems have been developed by the major control companies and
are avalilable to the industry with the necessary software to
achieve the desired ends. A significantly lower amount of ener-
gy can be consumed using different methods of operation with the
same system. The addition of computers to systems which employ
conventional functions, such as monitoring set-point and on-off
functions, has allowed optimization of equipment running times
and selection of set-points. Conventional control systems adop-
ted for computers do have limitations, specifically in the area
of optimizing control strategies. Where systems are very com—
plex and the conventional system costs are high, the new genera-
tions of Direct Digital Control (D.D.C.) systems are employed.
A D.D.C. control system uses a central computer to replace con-
ventional building systems controls, allowing complex optimal
strategies to be implemented at low marginal cost.

This section startéd by posing the question: Is it

technically possible to achieve a significant reduction in the

amount of energy consumed in commercial buildings (the conser-

vation issue)? It has been demonstrated that a variety of tech-

nically feasible actions may be taken which will reduce energy
consumption either without altering the climate conditions ex-
perienced by occupants or changing the conditions to what is
deemed to be outside an "acceptable" range. However, these pro-

grams may face some resistance either because of actual or
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perceived changes in comfort. These "people problems" are the
subject of the next section. In this regard we are concerned
with occupants who are tenants, owners or visitors to the office

building. Hence, contractual arrangement must be considered.

Occupant Problems in Conservation

Energy conservation is not without problems. Building
owners have found that where energy conservation techniques af-
fect occupant comfort, controls are resisted either legally
through existing leases or physically through lack of co-opera-
tion. Hours of equipment operation and peak shaving programs
can be points of disagreement and frequently hours of operation
are specified in lease contracts. Reducing space temperatures
in the winter and increasing the temperature in the summer has
also met with a considerable amount of occupant resistance and
again matters of interior climate control are frequently cited
in lease contracts. Reductions in lighting levels in common
areas and lease space have received criticism where over-zealous
or cost-conscious owners and managers have reduced 1lighting
levels below desired levels (but perhaps still within "accept-
able levels"). In addition, in cases where the amount of out-
side air has been reduced, complaints about high odour levels,
headaches from high concentration of carbon dioxide and lack of
oxygen have been received. In some cases the complaints are

well founded in that physical as opposed to psychological
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problems occured. In other cases however, the air ventilation
was reduced,. but set within "acceptable standards" and comp-
laints were still received.

Resistence from occupants coupled with uncertainty as
to future fuel costs, are factors cited by Brace (1981), Presi-
dent of Honeywell, to explain why only two percent of commercial
building owners have implemented a full energy conservation pro-
gram. The fact that mbst commercial leases provide that energy
costs are passed on to tenants is given as one reason for the
current apathy among building owners. To take advantage of the
potential conservation in commercial buildings, Brace calls for
"a national energy conservation program that has teeth in it".

This can be taken as a call for more regulation.
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COMMERCIAL BUILDING ENERGY USAGE, ENERGY PRICING AND POLICY:

(1)

(2)

(3)

(4)

A SUMMARY

It has been shown that:

Energy use in office buildings account for a signifi-
cant portion of the oil, natural gas and electricity
used in Canada.

0il constitutes the single most frequently used source
of energy used in office buildings, and given our re-
liance on o0il imports, this use contributes in a sign-
ificant way to our national oil shortage.

Energy costs are the single largest (variable) opera-
ting expense and any economies in this expense item
could prove significant.

The use of energy in commercial office buildings can
be reduced through technical and management conserva-

tion techniques.

The available technology for reducing the energy used

in buildings, most of which has been described here, has pro-

gressed to the point that the consumption of energy in new,

creatively designed commercial buildings is a small fraction of

the historic energy use for older buildings. Moreover, office



30

can be built which no longer require a separate heat sourcel.
The important questions related to energy policy will
be postponed to Chapter IV of this thesis, since the poliéy
solutions will depend, in large part, on the efficiency of the
market as a means to control the use of energy, the timing of
the use of energy (e.g. demand billing), and the type of energy
used through the price mechanism. Reliénce on the price
mechanism will be explored in the theoretical and empirical
studies in the following chapters. The next chapter [INVESTMENT
ANALYSIS: A MODEL OF PRICE DETERMINATION] considers energy
conservation in a commercial office building from a theoretical

approach.

1 For example, buildings with a means to store excess heat
from one period of time for use when heat is needed are
being designed without a heating source (e.g. a boiler).
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CHAPTER II

INVESTMENT ANALYSIS: A MODEL OF PRICE DETERMINATION

In Chapter I, we demonstrated the importance of energy
in the economics of office building operation. It was noted
that energy costs represented the largest variable item in the
oéeration of a commercial office building. Moreover, it was
noted that investors will face consumer resistance to efforts to
reduce energy consumption. Of perhaps greater importance were
the observations that levels of energy consumption in commercial
buildings varied over a very wide range. The apparent lack of
control suggests either investors don't care about energy cost
or they don't know the significance of energy cost.

Articles by Haney, Crask and Isakson (1978) and
Isakson and'Haney (1978) are significant in that they report
survey evidence indicating a 1low level of awareness of the
effects of energy expense in the analysis of either existing or
future office projects. Given the significance of energy expen-
ses, this low level of awareness is of concern. Improvements in
methods of analysis are being developed in a number of fields
including appraisal and investment analysis. These improvements
are such that they may force investors to be more explicit in
their assumptions concerning all capital and ongoing costs, and

in particular, energy costs.
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Using computer programs which simulate the physical
operation of a new commercial buiiding to determine the energy
expense, technical data are generated which can be incorporated
into the methods of investment analysis used by investors and
analySts. Since the physical components of the building can be
varied, it is possible to test.different combinations of con-
struction and energy management so that the construction of new
commercial buildings and management of both new and existing
buildings can be carried out to minimize energy expense within
realistic cost—benefit limits.

Given these technical means of forecasting energy
data, the question is "how can this information be used in rig-
ourous cost/benefit analysis for the purpose of investment
analysis?" Given the improved forecasting activities concerning
energy consumption, how can this improved knowledge be put to
use? (And how might it be put to use?) Clearly, one way the
information may be used is as an input to the currently used
models of invéstment analysis for both new and existing
buildings.

For the purpose of this thesis, we will choose to dem-
onstrate how this technical XkXnowledge for forecasting energy
consumption can be incorporated into a net present value model
of investment analysis. While the net present value model is
not the only method of investment analysis used in the market

today, it is perhaps the most widely published.
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The basic net present value modell is set out as

follows:
NPV =

WHERE: NPV

Net present value of the investment
Holding period

Net benefits, measured as cash flows,
realized each period

Reversion cash flow in year of dispos-
ition

Original dollar equity investment
Appropriate discount rate

1, 2, 3, ... N vyears in holding period

For purposes of this thesis, this basic model can be

rewritten as follows:

N NOI EN¢ Ry,
NPV = ~TTTE= o m o memese e - Eo
t=1 (1+r)t (1+r)t (14r)N

WHERE : NOI Net operating income in period before
deducting energy costs (This represents
the gross revenues recovered by the
property owner less the owner's share
of operating expenses exclusive of
enerqgy)

EN¢ Energy costs of period to be borne by

the property owner

1 A variation of the net present value model may also be used

in analysis, where the net present value is set at zero,
and the model is solved for the rate of return, called the
internal rate of return (IRR).
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Re-writing the basic model in this form more clearly
shows the role of ongoing energy costs. Moreover, while it is
not central to this thesis, the analysis of new capital expendi—
tures designed to adhere energy efficiency could be analyzed
using a variation of this model. This (re-written) model can be
used to analyze the influence of ongoing energy expense on net
present value. The operating savings of a specific investment
can be estimated by an analysis of the life cycle cost-benefit
of the investment using this model.

The net present value model is used to determine the
role of energy operating cost in the analysis of office build-
ings and the sensitivity of net present value to changes in any
variable but specifically energy expense.l

By establishing the role of energy operating expenses
in a model of investment analysis, it is possible to demonstrate
“the effect of energy expense, on either yields (r percent) or
net present values. For investors seeking a specific and prede-
termined yield variations in energy expense must be reflected in
the net present value. Given individual expectations concerning
yields (r percent) and given the forecast for non-energy vari-
ables (rents and other expenses and residual values) changes in

present value occasioned by energy expenses will ultimately be

1 The change in energy expenses can occur through a change in
the price of energy, or a change in the level of consump-
tion through conservation measures.
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reflected in how much investors will bid for properties, and how
little current owners are prepared to accept. These bid and
asked prices will ultimately determine market values. Hence, if
energy expenses are deemed to be important by investors, they
should be reflected in lower bid and asked prices, and hence
lower market values.

Using a net present value model with average data from
a hypothetical office building, the extent of energy sensitivity
can be analysed and its impact on market value can be explored.

Total energy cost for the hypothetical building will
be forecasted (the technical forecast) based on three scenarios.
These forecasts will be based on historical data provided by
B.C. Hydro, to determine the estimated most probable rate, most
optimistic rate and most pessimistic rate of increase of the
cost of energy. Nominal growth rates for energy expense are
assumed at 10 per cent, 14 per cent and 20 per cent. These
technical forecasts will then be used in the net present value
model.

The hypothetical building selected is an average of
buildings wused in three recent research and publication
standardsl, and is chosen as representative of the most common

form of office building in Canada.

1 (a) the "1977 Downtown and Suburban Office Building Experi-
ence Exchange Report" published by the Building Owners
and Managers Association (BOMA);

(b) the study by Ontario Hydro (1978) in their study "Energy
Use in Office Buildings"; and

(c¢) the "Standard Test Building Specifications for Interna-
tional Energy Agency Comparison of Building Energy Anal-
ysis Computer Programs" published by the National
Research Council.
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The hypothetical building selected is a 12 story,
rectangular, 110,000 square foot building, with 35 per cent of
the exposed wall surface as windows. Lighting to 4.5 watts per
square foot is used. The mechanical systems, insulation, window
types and roof system comply with the requirements of ASHRAE
90-1975. ASHRAE 90-75 is the standard adopted by most of the
American states and by the Canadian Government for building
design to conserve energy.

The consumption figures are taken from an average of
the research standards for the building, and are used to estab-

lish the energy costs in the years 1974 to 1980. They are as

follows:
Annual Electrical Consumption .. 1,208,900 kwh
Annual Gas Consumption ......... 1,759,156 kwh (equivalent)

The peak loads used for calculatiﬁg demand charges are 254 kw
per month.

Calculations of monthly consumption were based on an
assumption of equal use per month rather than the alternative of
using a percentage for each month indicating a variation for
seasons. Monthly data for a typical year were calculated both
ways, and the simplified version varied by less than 1 per cent,
so the results based on the equal per month assumption should

not be distorted.
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In order to establish the relative or percentage
changes in net present value occasioned by changing energy con-
sumption figures for other revenue and expense components in the
analysis have been estimated from information contained in
Experience Exchange Reports [BOMA, 1980]. The net operating
income figure, as an average of eight buildings in the Vancouver
area, are reported at $4.29 per square foot per year with opera-
ting expenses at $4.59 per square foot per year. Energy costs
from the previously mentioned analysis are, in the year 1981,
$0.35 per square foot per year. This energy cost figure is
significantly less than the average in Vancouver based upon BOMA
data (which were given at $0.83 per square foot per year). The
figure used ($0.35) considers that the latest standards of ener-
gy efficiency have been applied to the theoretical building.

The model used to establish the sensitivity of net
present value to changes in energy costs is the basic model ex-
plained earlier. It assumes that the discount rate (r) is al-
ready adjusted for differences in risk and further assumes that
an allowance for variations in inflation is included in the dis-
count rate, (r per cent per annum for "N" years). Furthermore
the technical data for energy consumption will be used to fore-
cast the annual energy expense and a separate rate of increase

will be estimated for operating income before energy expense.

\
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Hence the restated model becomes:

N NOI(1l+a) EN(1+b) Rp
NPV = = emm—ee——e L = e S - Eo
t=1 (1+r)t (1+r)t (14r)N
WHERE: a = per annum increase in NOI (estimated from

industry data)

b = per annum increase in energy expenses (esti-
mated the.technical energy data supplied by
B.C. Hydro)

It is assumed that the project has no debt and the net operating
income and reversion flows are after taxes. The assumptions
concerning debt and income tax are used for convenience only,
and do not detract from the generality of the conclusions. The
office building is assumed to be sold at the end of year 5.

For the purposes of this illustration, the equity in-
vestment in year 1 is estimated to be $10,200,000 and a year 1
net operating income of $1,277,000 is used (based on average
BOMA data). h

Further estimates required to complete the specifica-

tions of the model are:

Annual Escalation Rates

Operating Expense flows (a) 10 per cent

Energy costs (b) = 10 per cent

Discount Rate (r per cent) assumed 15.5 per cent

Residual Value (R,) assumed $17,030,000
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For purposes of sensitivity analysis, the rate of es-
calation in operating expenses (NOI) is changed from 10 per cent
to 12.5 per cent and 15 per cent. Similar changes to 14 percent
and 20 per cent are analysed for energy cost. To establish a
base unit energy cost for the purposes of these analyses, a re-
view of current energy pricing is included.

To compare energy costs in British Columbia to other
areas, the commercial electrical rate over 30,000 kwh per month
of 1.60 cents per kwh should be used. Rate comparisons publish-
ed by Curtis (1980) show this rate to be typical of the pacific
northwest region. Where energy costs are more dependent on the
cost of oil, as in Iowa and New York, rates of 5.2 cents/kwh and
7.6 cents/kwh are prevalent.

In predicting future energy costs over the next 5
years, it can be assumed that the lowest possible increase will
be at the rate of inflation (b=10 per cent). This is the policy
of B.C. Hydro and Power Authority. It is more likely that due
to projected demand increases, leading to the need to develop

more expensive resources to generate energy, the rate of in-

crease will exceed the rate of inflation. Using a scenario as
outlined in a number of publications, including National
Research Council - United States (1979), a pessimistic estima-

tion of energy costs based on accelerated demand and higher
costs will set the rate of increase substantially higher than

the rate of inflation. An exact estimation of the rate of
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increase is not possible, due to uncertainty in the area of both
demand and government policy.

For the purposes of this paper, the most likely in-
crease in energy costs will be at the rate of 4 percent above
the rate of inflation (b=14 percent). The optimistic level of
increase will be at the rate of inflation (b=10 percent), and
the most pessimistic, or worst case, will be at a rate of 10
percent above the rate of inflation (b=20 percent).

Net present values for the three rates of increase of
both net operating income, including energy (NOI) (a=10 percent,
12.5 percent and 15 percent) and changes in the rate of increase
of energy were calculated (a=10 percent, 14 percent and 20 per-
cent), with results given in Table 2.1. The sensitivity of the

net present value to changes in the cost of energy were calcu-

lated.
TABLE 2.1
NET PRESENT VALUE OF HYPOTHETICAL BUILDING
Operating Income
Energy Acceleration Rate Escalation Rate (%)

| | a=10% |  a=12.5% | a=15% |
| b1=10% | $-540,000 | $255,000 | $1,091,000 |
| by=14% | $-553,000 | $242,000 | $1,079,000 |
| b3=20% | $-574,000 | $221,000 | $1,057,000 |

| | | |
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For example, as the rate of increase of energy costs
goes from 10 percent to 14 percent, the net present value de-
clines from $-540,000 to $-553,000 or 2.41 percent.

The results shown in Table 2.2 show that sensitivity
of neét present value to changes in the acceleration of energy

costs is very dependent on the scale of the net present value

itself.
TABLE 2.2
ELASTICITY OF NET PRESENT VALUE
Change in Energy Operating Income
Acceleration Rate Escalation Rate (%)
a1=10% | az=12.5% | a3=15

| (bo-b1)=4% | -.32 | -.71 | -.17 %
| (b3-bp)=6% | -.34 | -.79 | -.18

From Table 2.2, for example, the elasticity of the net
present value, at a change in energy acceleration rate of 4 per-
cent, increases from -0.32 to =-0.71 and reduces from -.071 to
0.17 as the operating income escalation rate is increasd from 10
percent to 12.5 percent and from 12.5 percent to 15 percent.

In order that this dependence on the level of the net
present value be removed, the internal rates of return were cal-
culated for the rates of change of operating income (NOI) and

energy costs (EN).
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The internal rate of return is defined as that rate

(r) which provides a net present value of zero. In other words:
N NOI(1l+a) EN(1+Db) Rn

0 =  —ee————— - m—————— + ————— - Eo
t=1 (1+r)t (l+r)t (1+r)N

The results of the internal rates of return calcula-
tions are shown in Table 2.3 and the sensitivity is shown in

Table 2.4

TABLE 2.3

INTERNAL RATES OF RETURN CALCULATIONS

Operating Income

Energy Escalation Rate Escalation Rate (%)

| |
| | |
I | a;=10% | az=12.5% | a3=15% |
| b1=4% | 14.13% | 15.95% | 17.77% |
| by=6% |  14.10%8 | 15.93% | 17.75% |
| b3=20% | 14.06% | 15.80% | 17.728 |
| I | | |

As an example, for an energy escalation rate of 14
percent and an operating income escalation rate of 12.5 percent,
the internal rate of return is calculated at 15.93 percent for

the hypothetical building.



43

TABLE 2.4

ELASTICITY OF INTERNAL RATES OF RETURN

Change in Energy Operating Income
Acceleration Rate Escalation Rate (%)
| | a;=10% | ap=12.5% | a3=15% |
I (by-b1 ) =4% | .029 | -0.18 | -0.15 |
| (b3-bp)=6% | .025 | -0.17 | -0.14 |
| | I |

To produce a more meaningful measure of sensitivity,
elasticities of the internal rates of return were calculated in
relation to changes in energy costs and changes in other costs.
The results again showed that the change of the internal rate of
return was only mildly sensitive (elasticities of between -.014
and +.029) to major'changes in the escalation rate of energy
costs independent of the changes in other costs.

There are a number of possible reasons why changes in
energy costs are not important determinants of changes in net
present values or internal rates of return. It is most likely
that energy is not a major component of the overall expenses of
operating a building relative to other expenses. In addition,
small changes in the internal rate of returns may be very impor-
tant compared to large changes in the cost of energy, leading to

a low sensitivity.
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ENERGY COST AND NET PRESENT VALUE:
A SUMMARY

In this chapter we have developed a model to demon-
strate the role of energy operating cost on the net present
value on commercial buildings. Given the set of technical fore-
casts or growth rates of energy cost presented, it is demonstra-
ted that the net present value or internal rate of return, and
hence market value was not highly éensitive to changes in the
forecasted cost of energy consumption. However, the question
remains whether differences in the level of energy consumption
will be reflected in the market value of commercial office

buildings.

In the next chapter, we will attempt to determine
whether different levels of energy consumption influence market
value for a sample of actual office buildings. The empirical
study looks at the effect that the level of energy operating
expense has on the market value of an office building, and spec-
ificially whether a reduction in the 1level of energy used
(through investment in equipment or plant) has the effect of in-

creasing the market value of the building.
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CHAPTER III

EMPIRICAL STUDY: ENERGY AND MARKET VALUES

Regression Analysis

In the prévious chapters, a analytical model was dev-
eloped which demonstrated the sensitivity of a change in the
level of energy expense on the net present value, and hence on
market values of real property. This model was analyzed using a
"best efforts" forecast of future energy costs and all other
costs and benefits (rents) associated with the ownership of com-
mercial property. In this chapter a sample of commercial office
properties will be analyzed to determine whether variations in
either the level of or the rate of change in energy cost are
reflected in market prices.

Readers will recall that the analytical model intro-

duced in the last chapter was as follows:

b=
Q
R
rr
o
o]

NPV = —————- + ————— - Eo
t=1 (1+r)t  (14r)n

In order to demonstrate more clearly the role of ener-
gy costs, this model was re-written in a form which isolated

energy costs.l

1 With no debt and in equilibrium, Market Price = NPV + Eg
[and in equilibrium expected NPV = 0]
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Hence, the re-written model is as follows:
PRICE (P) = = —~————- - m————— + -

WHERE : PRICE = Eg
(assumes no debt and equilibrium conditions prevail,

bid = asked)

To estimate the relatiive importance of energy in a
market value model, a model is developed to show how real estate
markets capitalize energy savings into value. The method of
estimating the effect of changes in energy costs on value 1is
multiple regression analysis.

Multiple regression analysis (MRA) employs historical
data for both prediction and structural analysis. The availa-
bility of computers has made possible the incorporation of very
large data bases in empirical models, either to test hypotheses
or to predict values of specific variables.

The construction of MRA models in real estate apprai-
sal has been the subject of a large body of literature, particu-
larly in the area of residential appraisal. Research in the
area of commercial analysis is less well documented, but most of
the information contained in papers concerning residential
appraisal can be applied in the commercial area.

Within the 1literature concerning residential apprai-

sal, a detailed description of multiple regression analysis,
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using least-squares technique, is presented by Church (1975).
The motivation for developing this multiple regression analysis
model for mass appraisal stems from the legal requirements for
frequent assessment of all property. The model used by Church
establishes the equation for the quantity demanded (which
depends on the various attributes of the house) and sets this
equal to the quantity supplied. In its intermediate form, this

model (called the structural model) can be stated as follows:

(F1-H3) (F3-H3) F(n+2)-H(n+2)
Pp, = =—=——eee + e O] b e Cn+e
(H2-F2)  (H2-F2) (H2-F2)
where Ho > O and Hp-Fy > O
H2>O
P, = Price
F = Supply Coefficient
H = Demand Coefficient
C = Independent Variable Coefficients
e = Random Error Term

Each coefficient in thé equation has both supply and demand fac-
tors, which may be either positive or negative, and the sign of
the variable resulting from empirical analysis may be difficult
to explain. The estimated coefficients of the indépendent
variables are then combined to provide the closest fit between
the observed data and the regression equation.

This intermediate form of the equation is further sim-

plified to what is traditionally called the reduced form of the
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the equation. This further simplification is possible assuming
that equilibrium conditions exist in real estate markets (i.e.

Demand equals Supply).

Pph = A+ BjC; + BpCyp + —--—-- BpCp + e
WHERE : F1-H3

A = mmm————
Ho-F2
F3-Hj3

By =  =—=——- ... etc.
Ho-F3

e = random error term

PRICE = Independent variable
Ci = Dependent variable
i = 1, 2, 3, ... n

and Cj represents those factors which will
reflect either net operating income (NOI),
energy cost or the reversion value.

It is this reduced form of the equation which is used
to empirically test our model.

Various problems and limitations with the use of mul-
tiple regression analysis are described in the conclusion to
Church's article. One obvious limitation arisés because of the
limit on the number of the characteristics in the equation. To
overcome this problem the characteristics to be included can be

determined in a number of ways, such as through the use of step-
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sionl. This process ensures that the most statistically sign-
ificant characteristics are included in the model.

A second problem described by Church relates to the
interaction effects of the characteristics. Interaction occurs
when the use of two or more variables produces an effect which
is different from the sum of the individual effects of the sep-
arate events. Where there is high correlation among independent
variables, the separate effects of the variables cannot be dis-
tinguished.

A similar, but separate problem, is called multicolli-
nearity. Multicollinearity is defined by Gau and Kohlepp (1979)
as follows:

"...the lack of statistical independence of

the explanatory variables."

The methodology utilized with least-squares regression analysis
is based on the assumption that the explanatory (independent)
variables are linearly independent. Where this assumption is
violated, multicollinearity is ©present 1in the data set.
Throughout this study, tests will be applied to determine

whether the variables are highly correlated and whether multi-

collinearity is sufficient to represent a problem.

1 This statistical technique incorporates the method of ac-
cepting the entry of variables in the equation individually
according to "t" test significance to minimize interela-
tion.
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Grether and Mieskowski (1974) provides a good analysis
of the process of selection of independent variables in residen-
tial regression analysis which are used, in part, to select var-
iables for this commercial building model. Grether and -
Mieskowski postulate that the price of the house can be predict-
ed on the basis of its physical characteristics. Grether and

Mieskowski separated the variables into three categories:

1) structural characteristics,
2) lot characteristics, and
3) neighbourhood characteristics.

The authors concluded that, given the statistical re-
sults of the reduced form linear regression, it appears possible
to estimate the magnitude of structural and neighbourhood ef-
fects using a limited number of controls for the attributes of
the property.

The list of variables used by Berry and Bednarz (1975)
was much shorter than those used by Grether, but they included
structural characteristics, neighbourhood variables and a loca-
tion wvariable. Collinearity between variables such as house
size and lot size and high income neighbourhoods and air condi-
tioning, were ignored, as it was stated that these must be in-
cluded in a minimum set to retain the explanatory power of the
regression model.

A ‘more specific topic was researched by Morton (1976).

Morton presented information on the stratification techniques
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related to the accuracy of regression analysis for residential
properties. Two samples of properties were narrowly stratified
and two were widely stratified.l

Better results were obtained using the widely strati-
fied sample. The higher standard error found for the widely
stratified sample was justified by showing a better relationship
when the standard error is compared with the standard deviation

of the dependent variable.

Structural Equations to Test Energy Hypotheses

For the purposes of this study an initial sample of
100 office buildings was drawn from the files of the British
Columbia Assessment Authority. In statistical terms, the uni-
verse for this study is all buildings in the Greater Vancouver
area with the attribute of exclusive office use, having no re-
tail, restaurant or residential components. From this universe
those buildings sold during the years 1978 to the first quarter
of 1981 were chosen. This time period was selected since data
were available from both the Assessment Authority and from B.C.
Hydro during this time. Property records prior to 1978 lacked
the detail required for this analysis. Therefore it is neces-
sary to assume that there is no systematic difference between

the sample selected and the universe. In other words, there is

1 Wide and narrow stratification refers to the degree of hom-
ogeniety in physical characteristics.
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no difference in the characteristics, energy consumption or mar-
ket values of those properties in the sample (which sold in the
years 1978-79) and those properties which did not qualify for
the sample. This assumption is necessary since the market value
is the dependent variable in the regression equation and the
best estimate of market value is the sales price.

The initial sample was then reduced in size by match-
ing the buildings for which data on energy consumption could be
obtained from the British Columbia Hydro and Power Authority.
Due to the unavailability of energy data on some buildings, the
sample was further reduced to include those buildings which sold
during the designated time and for which energy data were avail-
able. It is assumed that the lack of energy data for some 27
out of 100 buildings would not systematically modify the accur-
acy of the sample.

Data obtained from the British Columbia Assessment
Authority for the 73 remaining properties consist of a buildings
characteristics. These include:

a) physical dimensions measured 1in feet, including
length, width and height of outside surface;

b) net rentable area in square feet measured inside;

c) lot size in square feet;

d) proberty location;

e) building use, i.e. office, retail outlet;

f) actual age since construction;
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g) effective age since construction on last major renova-
tion;

h) type of construction material;

i) number and location of parking stalls;

j) presence of elevators;

k) gross and net income information;

1) sales price; and

m) sales data.

The data were carefully gathered by the Assessment
Authority and updated as buildings were renovated.

The data obtained from B.C. Hydro consist of annual
consumption totals for both electricity and natural gas.

In addition information concerning the debt structure
of a sub-sample of property was obtained. These data concerning
debt were obtained from the British Columbia Land Title Office.
These data were obtained for 24 properties out of the total sam-
ple of 73 properties. The regression analysis is included to
determine if the addition of the debt information had an effect
on the market value model as it relates to the energy consump-
tion variable.

Each property in the total sample is represented with
15 variables, while the‘sub—sample of 24 properties has an add-
itional 4 variables per property relating to the debt struc-
ture.

The reasons fof adopting these variables, along with
greater descriptive details for each variable, are described in

the following section.
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DESCRIPTION OF VARIABLE

Market Value (V-1)

The market value (sales price) of commercial office
buildings is the dependent variable in the regression equation.
The market value is taken as the actual sale price of the real
property (in dollars) taken from files at the British Columbia
Assessment Authority.l All non-arm's length transactions were
excluded. _For the purposes of this sample, properties were ex-—
cluded if the Assessment Authority believed the sale to be non-
arm's length.2 Furthermore, buildings which were in locations
of imminent re-development were also excluded, since the infla-
ted value of the land would distort the regression results.
Approximately 30 percent of all sales transactions were excluded

for these two reasons.

Net Rentable Area (V-2)

The net rentable area of each building in the sample
is the first independent variable, and is measured in square

feet.3 This measurement of area excludes basement areas which

1 Information on variables is taken from Assessement Author-
ity files unless otherwise noted.
2 A non-arm's length transaction is one where there are other

than monitary consideration included in the property trans-
fer. For example, where a sale takes place within a family
or between two subsidiaries of the same company.

3 Imperial measures is used, as data from all sources were
consistent.
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are used for storage. The net rentable area is used to trans-
form other variables which are dependent upon building size.

(The SCALE Factor)

Lot Size (V-3)

The size of the lot is calculated in square feet from
dimensions in the Assessment Authority files. The lot size is
assumed to have an effect on the reversion value (Rp) in the

regression equation.

Number of Stories (V-4)

The number of stories above grade is included as an
independent variable. Where basement areas are shown as storage
areas, this are not included as a storey. Below grade areas
used as offices are included as a full storey. Below grade
areas used for parking are considered to be included in indepen-
dent variable V-9. Consideration is not given to differences in
floor to ceiling heights. The number of stories‘is assumed to
have an effect on income, since high buildings (with elevators)
may tend to command higher rents. The variable will also have a
minor effect on energy due to building configuration, and on re-

version value.
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Type of Construction (V-5)

A single variable is included to differentiate between
frame construction and masonry or concrete construction. The
variable is included to explain any value variation due to this
difference 1in physical construction. Masonary construction
would relate to longer life and would effect reversion value.
Lower maintenance costs and cheaper fire insurance with masonary
will relate to expense, and net operating income. The use of a
simple variable (yes-no) to indicate whether the building is

masonary construction is referred to as a dummy variable.

Air Conditioning (V-6)

A single dummy variable (yes/no variable) is used to
explain the difference in the market value of bﬁildings which
have air conditioning. It is expected that this variable will
be reflected in the annual income of the property, the reversion
value of the property and the energy consumption for the build-

ing.

Quality (V-7 and V-8)

To a large extent, the quality of the building is a
function of ége. In the case of older buildings; extensive ren-
ovations may have changed the quality. For this reason, a dummy
variable is used to separate poor, average and good quality (00,

01, 10). These quality variables were taken directly £from
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Assessment Authority files, and represent the judgments of the
commercial sector assessors. The variable will have an effect

on the annual income and the reversion value.

Effective Age (V-9)

In selecting the variable to be used to represent age,
the effective age of the building is selected. The effective
age of the building is taken as the number of years from 1981 to
either the year of construction, or the year of the last major
renovation. The effective age variable will relate to net oper-
ating income as well as reversion value. It is assumed that

"older buildings are less energy efficient.

Parking (v-10)

The market value of an office building is assumed to
increase as the number of parking stalls increase. The number
of parking stalls within property lines is included as a vari-
able to test this assumption. This variable will affect both

the annual income and the reversion value.

Type of Parking (V-11)

To differentiate ©between on-grade and underground
parking, a single dummy variable (yes/no) is included. Under-
ground parking is assumed to add to both the annual income and

the reversion value.
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Elevators (V-12)

The presence or absence of an elevator, particularly
in the two and three storey segment of the sample is expected to
have an effect on the market value of the office building. A
single dummy variable (yes/no) is included to explain this dif-
ference. This variable will relate to energy consumption and

the annual income.

Sales Date (V-13)

Due to the secular increase in market value of commer-
cial office buildings, a variable representing the number of
months to the sales date from January 1lst, 1977 to the sales
date is included. It is assumed that this variable will reflect

the effect of inflation on market value.

Location (V-14, Vv-15, V-16)

Assessment Authority experience has separated the city
into geographic zones of comparable value. For this equation,
the variation between different zones of the city is accounted
for by usingvdummy variables for the following (areas used by
the Assessment Authority): |

a) Central Business District:
b) Central Business Fringe;
c) Court House Area; and

d) Elsewhere.
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It is assumed that the locational contribution to value remains

constant within each of these areas, and hence the dummy vari-
able will relate the differences between locations in the annual

income and the reversion value.

Gross Income (V-17)

Gross income per year per property in dollars is taken
from the Assessment Authority files. This variable required the
most judgment in attempting to establish the gross income which
the investor in the office building would use in establishing
the purchase price.

In over one-half of the sample, where the buildings
were near full occupancy, the actual income data are used.
Where there was a serious conflict between the actual and the
potential income, the potential or economic rents of the build-
ing are used. This potential rent or income from the property
is calculated by the assessors based on comparable building ren-
tals in effect at that same time in the same area, with a rea-
sonable allowance for expenses, management and vacancies. This
method, according to the Assessment Authority, has previously
proven to be successful as one of the methods of determining
value for assessement purposes.

In some cases it was necessary to adjust this income
figure by an annual inflation factor up to the year of saie,

where the income data and the sale are from different periods.
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Energy Expense (V-18)

Energy consumption, adjusted for changes in unit costs
and weather differences to the year of sale, are from the files
of B.C. Hydro and Power Authority, and include the costs of
power and natural gas. The adjustments for differences in
weather between the year the data is .available and the year of
sale is calculated using differences in the number of degree
days for both heating and cooling. Where there has been a de-
mand charge for electrical load, the demand is converted into an
equivalent consumption unit to allow comparison. Utility con-
sumption was converted to kilowatt hours as the most convenient
unit, and this was used as a proxy for energy expense. Condi-
tions of confidentiality set out by B.C. Hydro to allow the use
of customer data were respected, and individual consumption in-

formation was left in the Hydro offices.l

Debt (V-19)

The total moftgage debt of each property is taken from

the files of the Provincial Land Titles Office.

1 No individual properties and no individual property owners
are identified throughout this thesis since no individual
records were obtained. The author wishes to express his
appreciation to the officials of B.C. Hydro for preparing
the aggregate data for use in this thesis.
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Debt Payment (V-20)

The debt service costs for mortgages registered upon
the property are taken from the Provincial Land Titles Office

and converted to an annual figure.

Interest (V-21)

A weighted average of interest rates is used in cases
where there is more than one mortgage recorded. Where there is

only one mortgage, the contract rate is used.

Mortgage Term (V-22)

In an effort to capture the impact of the time factors
for borrowed capital at the time of purchasing a commercial of-
fice property, the remaining term of the mortgage (in months) is
included as an independent variable. Where there is more than

one mortgage, a weighted average of remaining months is used.

Consumer Price Index for Vancouver (V-23)

To adjust factors affected by inflatién, the accuracy
of the regression equation was compared using a test with the
terms market value, energy expense, and income divided by the
consumer price index from Statistics Canada as listed in the
following as "CPI". This variable is used in the transformation

so that inflation dependent variables are reduced to real terms.
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The reduced form regression equation is established
and variables V-4 through V-9, V=11 through V-16 as previously
described, and transformed variables V-25, V-30, V-35, V-40 and
V-45 are tested. The transformed variables represent five of
the original variables (v-1, V-3, V-10, V-17 and V-18) each

converted to a measure per net rentable area". These

transformed variables were then recorded as follows:

DEPENDENT VARIABLE

MARKET VALUE/UNIT AREA (V-25) =
MARKET VALUE (V-1)/NET RENTABLE AREA (V-2)

INDEPENDENT VARIABLES

LOT SIZE/UNIT AREA (V-30) =
LOT SIZE(V-3)/NET RENTABLE AREA (V-2)

GROSS INCOME/UNIT AREA (V-35) =
GROSS INCOME (V-17)/NET RENTABLE AREA (V-2)

ENERGY CONSUMPTION/UNIT AREA (V-40) =
ENERGY CONSUMPTION (V-18)/NET RENTABLE AREA (V-2).

NUMBER OF PARKING STALLS/UNIT AREA (V-45) =
NUMBER OF PARKING STALLS (V-10)/NET RENTABLE AREA (V-2)
A number of regessions were run using the MIDAS pack-
age to identify the best possible equation. The results of
these equations are discussed in the next chapter of this

thesis.



63

CHAPTER IV

REGRESSION ANALYSIS RESULTS

COMPLETE SAMPLE
(Referred to as DATA-1 in the results)

As a first step in the analysis of energy consumption
and its effect on property values, the correlation matrix for
the full sample was developed (TABLE 4.l1). With one exception,
the correlation coefficients have the expected sign (positive or
negative). The one exception is, however, of some consequence
since it represents the relationship between energy consumption
and market wvalue. It was expected that the correlation coeffi-
cient would be negative, but in fact it is positive. There are
a number of possible explanations for this unexpected result and
hopefully some insights will become apparent as the analysis
continues. There is evidence of high correlation between the
energy variable (V-40) and; the number of stories (V-4) of
.4737, the presence of air conditioning (V-6) of .4138 and the
presence of elevators (V-12) of 0.4788. This would indicate the
likely presence of multicollinearity. These vériables are
positive determinates of value and may not allow the analysis to
separate the effect of energy consumption on market value.

The second step in the analysis involved the least
squares regressions using the entire sample and all 16 indepen-

dent variables. The results of this analysis, as shown in
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the TABLE 4.2 are statistically significantl. Furthermore,
the model "explains" 69.3 per cent of the variation in the mar-
ket value (R2 = 69.3 per cent).

At the structural analysis level, variables which are
significant (over 10 per cent t-test2) are distinguished from

those which are not significant at the 10 per cent 1level as

follows:
SIGNIFICANT NOT SIGNIFICANT

Lot Size (v-30) Energy Consumption (v-40)
Annual Income (V-35) Parking Stalls (v-45)
Quality 1 (v- 7) ' Elevator (v- 4)
Elevator (v-12) Masonry (v- 5)
Sales Date (v-13) Air Conditioning (V- 6)
Location 1 (v-14) Quality 2 (v- 8)
Location 2 -(v-16) Age (v- 9)

Underground Parking (v-11)

Location 2 (v-15)

The coefficients from the regression for the signifi-
cant variables are mostly consistent in sign with the correla-
tion matrix, with the one exception being the first location
variable (Vv-14). However, the degree of correlation between
market wvalue (V-25) and location (V-14) is very low and the

change in the sign is not assumed to be a problem.

1 The "F" statistic is an analysis of variance for testing
the significance of the regression line. In this regres-
sion, the F statistic was 7.91, compared with an F-statis-
tic of 2.11 which indicates a statistical significance at
the 5 percent level. The results show that this F-statis-
tic is significant at the O percent level.

2 The "t" test is used to eliminate poor predictors of the
dependent variable.
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The relationship between energy consumption (V-35) and
market value (V-20) is positive as was the case in the correla-
tion matrix. The coefficient for energy is 0.136. This result
does not agree with the original hypothesis, but it should be
noted that the coefficient for energy consumption (V-40) in the
model has a "t"l statistic of 0.993 which results in statis-
tical significants only at the 32.7 per cent level. 2

A number of further regressions of the complete sample
were run in an attempt to better isolate the energy variable.
Eliminating variables with high correlation with  energy, the
co-efficient of the energy variable was stable and positive as
the variables with high correlation coefficient were dropped.
Additional regressibns were run including the area variable
(Vv-2) and excluding the income variable, however, these
regressions had little effect on the R2 or the coefficient of

the energy variable.

1 The "t" statistic is a measure of the variation of the co-
efficient of the independent variable from normal distribu-
tion.

2 An attempt was made to improve the regression results by

incorporating the Consumer Price Index (CPI) for Vancouver.
Market Value (V-25) and annual income (V-35) were converted
to real terms by dividing by the Consumer Price Index for
the month of sale. This regression yielded an R2 of 65.3
percent compared to 69.3 percent in the original sample and
an F-statistic of 6.65 compared to 7.91 in the original
sample. It was assumed that the use of the CPI to convert
to real terms does not improve the results, and is
therefore not used in further regressions.
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TABLE 4.1
CORRELATION MATRIX OF THE DATA~1 SAMPLE
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TABLE 4.2

REGRESSION RESULTS OF DATA-1 SAMPLE

<REG VAR=25,30,35,40,45,4-9,11-16>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 25.VALUE N= 73 QUT OF 73

SOURCE DF  SUM SQRS
REGRESSIGON 16 25122.
ERROR 56 11119.
TOTAL 72 36241,

MULT R= .83258 R-SQR= .69319 SE=

VARIABLE PARTIAL COEFF

CONSTANT .86246
30.L0T7T .60330 32.707
35. INCOME .21862 1.8004
40 . ENERGY . 13150 . 13588
45.STALLS . 12232 1704.9
4.STORIES . 11607 .52612
5.MASONRY -.00298 -.11583
6.AIR -.06826 -3.1053
7.01 .25409 12.507
8.Q2 . 18088 10.005
9. AGE -.21454 - .23027
11.UG . 19281 7.6891
12.ELEV .28313 12.816
13.DATE .49120 .77388
14 .LOCH -.34033 -18.042
15.L0C2 -.05747 -~-4.4498

16.L0C3 -.22550 ~11.425

MEAN SQR

1570. 1
198 .56

14 .091

STD ERROR

13.112
5.7776
1.0688
. 13688
1848.5
.60162
5.1857
6.0645
6.3621
7.2654
. 14009
5.2281
5.8011
. 18339
7.0306
10.330
6.5961

F-STAT

7.9078

T-STAT

.65776
5.6610
1.6846
.99271
.92229
.87451
~-.22336
-.51204
.9659
L3771
.6438
L4704
L2091
.2199
.7085%
.43076
-1.7321

N BN s e

-1

-1

SIGNIF

. 0000

SIGNIF

.9478
. 0000
.0976
. 3251
.3603
.3856
.8823
.6106
.0543
. 1740
. 1058
. 1470
.0313
.0001
.0089
.6683
.0888

67
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STRATIFIED SAMPLE WITH DEBT DATA
(Referred to as DEBT-DATA-1 in the results)

A further regression was runvusing a sub-sample of 24
properties for which debt information was obtained. This debt
information represented an additional four variables.

A summary of results (Table 4.3) show some problems
with the correlation matrix. Again, the relationship between
annual energy consumption (V-40) and market value (V-25) is pos-
itive, consistent with the regression on the complete sample.
The outstanding balance variable (V-50) and the payment variable
(V-55) are both positively related to market value indicating
that increasingvdebt loads can be supported by properties of
higher value.l The remaining relationships are as expected
except for masonry with a negative sign. In this sample, there
is a high inverse correlation (-.716) Dbetween the number of
stories and lot size. Since both are transformed to a square
foot basis, this relationship is assumed to be coincidental due
to the small sample size. An expected high positive correlation
exists in this stratified sample between the number of storeys
and the presences of an elevator, and between annual income

(V-35) and market value.

1 Variations in the outstanding balance/property value (loan/
value ratio) and payment/gross income (gross debt service
ratio were included in a separate regression to indicate
the impact of leverage on value, but were found to have no
effect on the energy consumption variables/value relation-
ship.
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The regression results for the DEBT-DATA-1 sample in
Table 4.4 show an R2 of 95.32 percent but an test significance
of only 19.45 percent (F=3.05). The only variable to have a
"t-test" significance at the 15 percent level is annual income.

Although the sample size is small, the debt variables
selected are shown not to be significant and it is assumed, for
the purpose of this paper, that the results of the complete
sample or other stratified samples are not affected by the

absence of these debt variables.
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TABLE 4.3
CORRELATION MATRIX FOR THE DEBT-DATA 2 SAMPLE
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TABLE 4.3 (continued)
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TABLE 4.4 :
REGRESSION RESULTS FOR THE DEBT-DATA 2 SAMPLE

<REG VAR=25,30,35,40,45,50,55,4-9,11-16,21,22>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 25.VALUE N= 24 QUT OF 24

SOURCE DF  SUM SQRS MEAN SOR F-STAT SIGNIF
REGRESSION 20 7952.6 397.63 3.0538 . 1845
ERROR 3 390.62 130.21

TOTAL 23 8343.2

MULT R= .97631 R-SQR= .85318 SE= 11.411

VARIABLE PARTIAL COEFF STD ERROR T-STAT SIGNIF
CONSTANT 40.907 93.418 .43789 .6911
30.L0T7 .79185 34.198 15.228 2.2457 . 1104
35 . INCOME -.02950 -.25%19 4.9821 -.51118 -1t .9624
40 . ENERGY .61735 .74187 .54581 1.3592 .2672
45 . STALLS .49748 2712.5 - 2730.8 .99330 .3938
50.0SB -.29949 -.58283 1.0720 -.54370 .6245
55.PMT .39019 60.812 82.849 .73402 .5161
4 . STORIES -.55491 --4.3348 3.7519 -1.1553 .3316
5. MASONRY -.66739 -17.862 11.507 ~-1.5522 .2184
6.AIR .59659 25.834 20.065 1.2875 .2882
7.01 .43827 16.579 19.631 .84453 .4604
8.Q2 -.15023 -3.0711 11.668 -.26320 .8094
9. AGE .01677 . 17043 -1 .58670 .29049 -t .9786
11.L0CH -.42092 -22.047 27 .431 -.80372 .4803
12.L0C2 .71882 74.572 41.520 1.7961 . 1704
13.LOC3 -.03711 -.11738 1.8251 -.64317 -A1 .9528
14 .1 -.54513 -24.743° 21.969 -1.1263 .3420
15.E .31748 15.050 25.954 .5798¢8 .6027
16 .V16 . 19305 10.214° 29.973 .34078 .75587
21.INT -.16917 -2.0108 5.7638 -.29729 .7856

22.TERM -.02266 -.273%12.-2 .68572 -1 -.39256 -1 .9712
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"HOMOGENEOUS" SAMPLE RESULTS

The complete sample is stratified further to produce
more homogeneous sub-samples. It is expected that, if the hypo-
thesis is to be supported, the assumption of a negative rela-
tionship between energy consumption and value may be present if
the office buildings are broken down into groups which are more
homogeneous.

The stratification technique used was to split the
complete sample in two parts, with as close to an even split as
possible. The criteria used for purposes of stratifying the

sample include:

a) age:
b) number of stories; and
c) quality of construction.

It was felt that these three criteria provided the
best homogeneous groupings for purposes of this analysis.
The following regressions were run and the results

summarized in Table 4.5:

a) Age - 10 (buildings of age 10 years and younger)

b) Age — 11 (buildings of age 11 years and older)

c) St. - 2 (buildings of two stories and fewer)

4a) St. - 3 (buildings of three stories and more)

e) Age - 15 (buildings of age 15 years and younger
St. = 3 and three or fewer stories)
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f) GOOD (Buildings of "good" quality using the Q-1
variable for stratification)

The computer printout of correlation matrices and re-
gression results for these stratified samples are given in Ap-

pendix A.



SUMMARY OF REGRESSION RESULTS

TABLE 4.5

I | NUMBER | | ! ! ! | | | ! |
] | oF | | | | | | | | 1
|SAMPLE  |BUILDINGSI LoT | INCOME | ENERGY | STALLS | STOREYS | MASONARY! AIR | QL I Q2 |
T O e e o o o B A
DATA- 3 2.71 1.80 0.136 | 1704.9 | 0.531 | - 0.126 | - 3.11 | 12.51 | 1lo.oL |
j ! | *(0.000)| *(0.098}( (0.325)! (0.360)1 (0.386}1 (0.982)1 (0.811)1 *(0.054)i (0.174)]
|ace-10 | 36 I 25.24 | 3.17 0.029 | 717.1 | 1.8 | 11.39 | - 4.81 | 4.99 | 8.93 |
] | I (0.128)1 (0.195)1 (0.896)] (0.871)1 +(0.072)] (0.316}1 (0.670)| (0.640)! (0.420)1
| AGE=-11 ! 36 | -0.29 | 2.03 | 0.092 | 1477.2 I = 1.14 | -8.18 | - 3.5 | 17.06 | 3.19 |
! (0.434)1 (0.2%2)1 (o0.70M)f (0.548)1  (0.229)1 (0.176)] (0.88%}) *(0.075)1 (0.468)!
|sT-2 | 33 | 40.49 | N.144 | + 0.403 | 945.2 I - 0.90 | -il.19 | L.77 | 20.07 | 13.37 |
I- | | *(0.001)] (0.949){ (0.284)1 (0.697)1  (0.927)1  (.1531)! (0.360)| *(0.082)1 (0.385)]
1sT-3 | 39 I 39.38 | 2.10 | - 0.034 | 3127.4 | 0.95 | 8.21 | i.44 | 10.95 |

. . . . . 10.14 |
| | I *(0.026}1 (0.277)! (0.876)! (0.464)1  (0.283)1 (0.83%) (0.927)1 (0.3283}1 (0.377)]
| AGE-15 | 35 | 51.47 | - 0.49L | - 0.11911-5051.5 | 9.86 | 8.33 | 5.52 | 8.31 |

. . . - 5. . 17.88 |
IsT-3 | | *{0.006)1 (0.R21)] (0.605)I (0.106)1  (0.110)1 (0.314)1 (0.626)1 (0.460)] (0.227)I
| Gooo t 31 | 31.56 | - 0.s81 | 0.150 | 1504.8 | 0.42 | -15.5 | o | 0 | -} |
| 1 I *(0.028)1 (0.799)1 (0.521)1 (0.678)1 (0.703)1 (0.238)} Q | 3} | <} |
! | ! | ! | | ! ] I |
[ ! | 1 ! | Loc | we | Loc | 3 | [
| sSAMPLE | AGE | UG | cLEV | DATE | 1 | 2 ! 3 l R STAT | conNsTAsT|
! | | ! ] ! i | | | |
| DATA-1 I -0.230 ! 7.69 | 12.82 | 0.774 | -19.04 | - 4.45 | -11.43 | 69.32 7.91 | 0.362 |
| I (0.106)1 (0.147)| *(0.031)! *(0.000}{ *{0.009)! (0.669)| *{0.089)! (0.000)| i
| AGE=10 | - 0.996 | - 0.791 [ 12.57 | 0.535 ! 0.201 | 22.20 | - 9.40 | 81.14 .11 | - 7.37 |
! | (0.384)1 (0.911)] (0.140)f *(Q.033)I (0.989)| (0.288)! (0.335}! (0.001)! !
| aGE-11 ! - 0.593 1 25.19 | 8.59 | 1.025 | -35.13 | -26.34 [ - 7.48 | 81.&4 5.2 | 11.17 |
| (0.756)1 *(0.025)1 (0.476)1 *(0.003)! *(0.00L)| *(0.062}] (0.470) (0.000)] !
1sT-2 | - 0.298 | 5.36 | - 0.89 | 0.550 | -20.60 | - 0.631 | - 1.39 | 75.85 3. 4.29 |
| I (0.317)1 (0.659)1 (0.960}! (0.128)] *(0.980)1 (0.949){ *(0.002)! (0.14) | |
1s7-1 | - 0.164 7.37 | - 0.361 1 - 0.977 | -20.17 | 11.84 | =16.12 [ 75.69 4.06 | - 8.95 |
| o (0.559)  (0.364)1  (0.971)1 *(0.009)1 {(0.103)! (0.539)! *(0.073) (n.o01)! |
| AGE=15 | = 0.108 | 1l4.54 | 3.48 | 0.850 | -16.48 | 33.14 | =-i15.22 1| 20.85 4.75 | -22.71 |
IsT=-3 | (0.903)] *(0.067)1 (0.700}) *(0.007)! (0.276)1 (0.129)t (0.269)I (0.001)] |
| cooo | -0.870 | 11.78 | 20.94 | 0.348 | -20.37 | 9 | -16.94 | 693.56 3.43 | s5.98 |
| I (0.n49)1 (0.198)! (0.164)] (0.564)] {0.129)1 [¢] bo(e.181)t (0.009) 1 |

NOTE: THE FIGURES [N BRACKETS BELOW THE VARIABLE COEFFICENTS ARE THE LEVEL OF SIGNIFICANCE OF THE

VARIABLE.

THE * INDICATES A VARIABLE WITH A SIGNIFICANCE OF 1O% OR LESS

74
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The correlation matrices, similar to that of the com-
plete sample, indicate that there is high correlatiqn between
the energy variable (V-40) and other independent variables which
are positive determinants of wvalue. These include: the number
of parking stalls per square foot, the height of the office
buildings and the presence of masonry construction, air condi-
tioning and elevators.

In all cases in the correlation matrices of the strat-
ified sample results there are at least three correlation coef-
~ficients which are positive determinates of value which are over
0.4, with the exception of the ST.-2 regression. The presence
of this high correlation is an indication that multicollinearity
exists in the data set. |

An initial indication, referring to the correlation
matrices for the complete sample, and the stratified sample, is
that the expected negative relationship between energy consump-
tion and market value cannot be proven, since, in all cases the
correlation coefficients are positive.

Referring to Table 4.5, the R2 for the stratified
sample regressions are between 69.56 and 81.64, with a highly
significant "F" statistic of at least the 0.9 percent level.

This indicates that the data are statistically signif-

icant and the model is a good predictor of values.
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REGRESSION RESULTS: A SUMMARY

This is a summary of the regression analysis indica-
ting the effect of the energy consumption variable on the market

value of office buildings:

TABLE 4.6 .
ENERGY CONSUMPTION VARIABLE
ENERGY LEVEL OF _ NUMBER OF
DATA FILE  COEFFICIENT!  SIGNIFICANCE BUILDINGS
DATA-1 0.136 32.50% 73
AGE 10 0.029 89.60% 36
AGE 11 0.092 70.70% 36
ST 2 0.403 28.41% 33
ST 3 - 0.034 87.60% 39
AGE 15 ST 3 - 0.119 60.50% 35
GOOD 0.150 52.10% 31

Referring to Table 4.6, the positive relationship ex-
hibited between the energy variable and value has been reversed
in the energy coefficient from the regression analysis for two
of the stratified samples (ST-3 and AGE 15 ST 3). This gives a
further indication that multicollinearity may be a problem. In
the regressioh of these two stratified samples the energy coef-

ficient varies between -0.119 and 0.403 dollars/kilowatt hour

1 The units of the coefficient are dollars/killowatt hour per
square foot.



77

per square foot, and the coefficient turns out to have very low
"t" test significance at between 28.41 percent and 89.6 percent.

With the exception of the negative signs in the ST-3
and AGE-15 ST-3 regression, the results do not support the hypo-
thesis as originally stated. In the complete sample, the re-
sults of the analysis suggests that the effect of the level of
energy consumption is to increase the value of an office build-
ing as the energy consumption increases. The stratification of
the sample into more homogeneous groupings of age, size and qua-
lity, energy consumption, and therefore energy expense, does not
appear to have a significant effect on the results of the re-

gression analysis. The first hypothesis, that: An increase in

the expense of energy consumed by a commercial office building

has the effect of reducing'the market value of an office build-
ing, is therefore rejected. That the results indicate that no
relationship exists between value and energy consumption, is
evidenced by the lack of significance of the energy variable in
this sample. There are a number of possibilities to account for
the lack of significance. One possibility is that the sample is
to heterogeneous in terms of size and age of buildings. Fur-
thermore, a lack of information on vacancy rates would tend to
distort the results since higher occupancy rates would be re-
flected in higher market values, and simultaneously in higher
increase energy consumption, thereby suggesting that higher
energy consumption and costs are positively correlated with

higher market values.
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One further factor which may contfibute to these re-
gression results relates to the contractual lease terms as be-
‘tween landlord and tenant. In this study, energy consumption
relates to the entire building, whereas the rental data refers

to the contractual rents. To the extent that these lease con-

tracts provide that the tenant bears the responsibility for the

energy cost, the landlord (and gross rents used in this study)

are simply a neutral conduit. In most cases, floor space is

leased on what is termed a "triple net lease". Under the terms
of the lease, the tenant pays a basic rent, plus a pro rata
share of the cost of utilities, taxes and maintenance. Hence,
as tenants have a contractual responsibility for energy costs, a
change in energy costs is unlikely to reflect in market values
until such time as the lease is renewed. Unfortunately, this
cannot be tested with the data available.

Finally, as previously mentioned, these is some indic-
ation that multicollinearity distorted the regression results.
This possibility was tested by removing the variables which are
highly correlated with the energy variable. The positive coef-
ficient for energy remains as can be seen in Appendix B indicat-
ing that the effect of multicollinearity is minimal.

Prior to drawing conclusions from these results in
terms of the second hypothesis or of their importance to the
private and public sectors, a study of the policy questions sur-

rounding energy in general, and office building energy consump-



79

tion is necessary. The next chapter of this thesis is therefore

directed to questions of policy.
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CHAPTER V

ENERGY POLICY

In view of the national importance of reducing the
consumption of energy and in consideration of both social and
economic factors, a review of the various policy measures is
presented. This includes policies which are either currently
employed or could be implemented in Canada and the United
States.

Support for the argument that new policy measures are
necessary comes from many sources. There exists a widely-held
belief that energy conservation is not very necessary because
there is no energy problem at either the national or provincial
level. An attitude that "others" will cut back on energy use
gives way to the tendency to take the "if they don't, why should

I bother?" approach. In a survey carried out by CANADIAN BUILD-

ING (1981), the following results were reported:

1) The cost of energy has not yet risen or been passed on
to the consumer to the extent that it might produce a
major change in consumption behavior.

2) Energy costs, compared to other expenses, are not
first or even second, but fifth in order of import-
ance. |

3) There is a lack of‘underétanding about the quantity of
energy being used or the rate at which costs are ris-

ing.
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4) There is little understanding of or information about
metering or rate structures, making intelligent decis-

ions about conservation measures impossible.

Lurz (1981) contends that if world market prices were
used instead of subsidies, this would bring about an explosion
of activity in both new construction and the retro-fit markets
that would be of benefit to Canadians as individuals and as a
nation.

Writing in Finance & Development Magazine, Quirls

(1980) advocates a policy of allowing prices to increase with
market demand and supply. | Prices, he maintainé, should be
allowed to increase and the increase passed on to consumers to
provide the necessary market signals. He questions the extent
to which additional government policies are necessary wﬁen mar-
ket prices reflect the full cost of energy, and the possibility
is emphasized of long-run distortions in resource allocation in-
duced by inappropriate policies. He adds that there is little
justification for diminishing present tax rates or tariffs on
energy products, where these rates have been established. In
his opinion, a reduction would lower incentives to conserve
enerqgy. He suggests reconsideration of bulk discounts and
block pricing of energy, and finds that the use of these pricing
methods has decreased for natural gas and fuel oil since 1975,

but has increased for electricity.
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The following matrix summarizes the possible array of

policy vehicles available for the control of energy consumption

in commercial buildings.

TABLE 5.1
Policy Instruments Available to Control
Energy Use in Commercial Buildings

Financial Non-financial
1) Tax incentives 1) Education
2) Price incentives 2) Research,
Persuasive 3) Subsidies development and
4) Tax penalties implementation
5) Inter-government
funding
1) Fines 1) Codes
Mandatory 2) Withdrawal of 2) Ordinances
financing

Each of these general policy tools will be discussed in the

next section of this paper.
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Financial Persuasive Policies

Tax Incentives

At the present time, the Canadian government does not
have a tax incentive program either to promote conversion to
alternate fuels, or for persuading building owners to install
conservation equipment.

In £he United States, tax incentives are provided by
various levels of government to encourage both conservation and

inter-fuel substitution. The Energy Production and Conservation

Tax Incentive Act (USA 1978) provides a good example of such a

policy. A tax credit of 10 percent of the costs can be applied
to investments in conservation equipment against taxable pro-
fits. The tax credit applies to waste heat recovery equipment,
storage systems, heat pipes, automatic energy control systems,
combustible gas recovery systems, and preheaters for feedwater
using flue gases.

The legislation includes an additional incentive in
the form of a tax credit for investment in conversion proper-
ties. The extent of this tax was finally established at 10 per-
cent, although in 1977 the government had originally proposed a
40 percent tax credit; To be eligible for the tax credit, ex-
penditures must be used to convert equipment to use substances
other than crude and shale oil, refined petroleum products, nat-

ural gas, geopressurized methane and liquified natural gas. The
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fuels which are eligible for the credit include coal, and agri-
cultural and municipal wastes. The credit is given for boilers,
burners, production of synthetic fuel, including that equipment
which uses a mixture of o0il or natural gas in combination with
an alternative substance. The installation costs of pollution
control equipment became eligible for the tax credit and were
applicable to the costs of new equipment installed after 1977.
A similar provision also exists in Canada.

Equipment installed to allow the use of renewable
resources, including ocean and tidal, solar and wind equipment
and geothermal energy was also eligible for the conversion cred-
it. At the time it went into effect, the tax credit program was
projected to cause a budget révenue loss to the U.S. federal
government of $5 billion by 1985 and a tax credit of $407 mil-
lion on conversion equipment. This revenue effect was estimated
under the assumption that there would be no extraordinary
increase in prices of qualifying property.

An additional feature of the Energy Tax Credit is that
it is not limited to tax liability, but is refundable where the
tax liability is insufficient. This feature allows the credit
to take the form of a grant or price incentive to improve the
economics of the installation of conversion or conservation
equipment.

A further evaluation of the effects of the Tax Credit Pro-

gram was provided by Kincel (1978). The projected energy saving
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in 1985 was estimated at 7.7 quads. Looking at the total con-
sumption, the possibility of consumption savings in the commer-
cial sector are much less significant than possible savings in
the industrial sector. It was also noted that second order
price effects could be expected because industrial interfuel
substitutions would make more gas available for other uses.
Klepper (1980) has written a number of articles on

issues related to the Energy Conservation and Solar Tax Credits.

The Windfall Profits Tax Act (USA, 1979) was added as an amend-

ment to the Energy Tax Credit Act (USA, 1978), and according to

Klepper, it makes three significant changes in tax credits for
energy conservation expenditure. Purchase of solar or wind
energy equipment now qualifies for a special 15 percent tax
credit which remains available until 1985. Expenditures on
solar energy which provide process heat for commercial applica-
tion, as well as equipment that generates electricity or is used
to heat or cool a building, are eligible. If the solar equip-
ment does not become a part of the building as a structural com-
ponent, it may qualify for the 15 percent energy credit as well
as the regular business investment tax credit of 10 percent.
The second change affecting commercial building covers invest-
ments in co-generation equipment. This would include equipment
that allows a boiler to produce both steam for heat as well as
electricity. In his paper, Klepper analyzes owner's attitudes

toward the legislation. He finds owners are reluctant to make
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significant capital investments in new and untested equipment,
and unwilling to wait for a 5-year payout. In view of this, he
maintains that the tax credit will be unlikely to promote signi-
ficant investment in energy conservation or conversion proper-
ties.

A further review of the National Energy Act (USA,

1978) is provided by Shoup (1979). The act is critized for en-
couraging energy production in favor of discouraging consumption
and he states that the energy code is a close rival to the in-
ternal revenue code in complexity. He supports the section of
the Act dealing with tax relief inducements, even in light of an
upsurge of adverse public sentiment.

Jackson (1979), describes an econometric engineering
model which analyzes a number of U.S. federal energy conserva-
tion programs. The model emphasizes plant and equipment or cap-
ital stock energy demand, and makes use of detailed engineering
estimates of energy use by equipment, structure, fuel type and
age of capital stock. The model explicitly recognizes that
energy is produced by capital goods to provide services demand-
ed. In the short run, the model assumeé a fixed capital stock
while, in the long run, changes in stock and in the energy using
characteristics of the stock are also considered. An example of

the model in the short run is provided using the demand for

electric space heating.
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The quantity of electricity demanded equals the maxi-
mum potential demand times a utilization rate that represents
actual use relative to potential use. The utilization rate is a
function of the price of providing the space heating services.
With the stock and the efficiency not fluctuating in the short
run, the demand for energy fluctuates only in response to fuel
price changes. Using 1970 as a base, baseline projections are
developed for commercial energy use and are used as a reference
for evaluation of federal conservation programs. The drop in
energy requirements of 11 percent on an area-adjusted basis does
not seem as significant as previously indicated. The more eff-
icient use of energy 1is disguised somewhat 1in this measure
because an increase in energy use from increases in air condi-
tioning penetration and increased electromechanical uses offset
the more efficient production of end-use services. A drop of 34
peréent in energy use 1is indicated where space heating energy
intensity is isolated.

An investment tax credit 1is assumed to influence
efficiency in two ways in the model. The planned investment is
assumed to be initiated without the credit, with the cost being

reduced by 10 percentl. Engineering curves are used to esti-

-

mate the increase in efficiency that can be expected to follow.

Consideration is given to an accelerated program of investments

1 The 10 percent figure is set by the federal government in
the United States.



88

prior to the 1982 cut-off date. This effect is capture by_aé—
suming that planned investments in 1983 and 1984 are undertaken
in 1982.

Table 5.2 includes information on grants and tax

‘credits, but comparision of other factors are also of interest.

TABLE 5.2
ENERGY SAVINGS AND CAPITAL COST
IMPACTS OF FEDERAL CONSERVATION PROGRAMS

PRESENT WORTH

OF CUMULATIVE
EXPENDITURE,
1978-2000

ANNUAL ENERGY SAVINGS (QBtu) ANNUAL CAPITAL COSTS (106 1975-3) (106 1975-3)

1978 " YoB0__1982 1930 3000 Y375 1350 1987 1530 2000 Fuela Capital
Thermal performance standards 0.15 0.39 1.74 4.31 0.39 0.40 0.36 0.57 30.36 2.88
FEMP 0.02 0.03 0.05 0.09- 0.16 0.03 0.03 0.03 2.04 0.16
Grants. program ‘ 0.04- 0.12 0.20 0.06 0.04 0.79 0.65 2.01 1.64
Investment tax credit 0.02 0.04 0.10 0.05 0.03 0.06 0.07 0. 30 . 1.38. 1.11
Combined programs 0.08 0.34 0.63 1.88 4.33 0.88 1.14 0.73 0.36 0.57 34.77 5.79

SOURCE: JACKSON, J.R., "An Econometric-Engineering Analysis of
Federal Energy Conservation Programs in the Commercial
Sector", U.S. Department of Commerce, Oak Ridge Nat-
ional Laboratory, 1979.

This table shows that the saving from current levels
of energy consumption in Qbtul increases from 0.02 in 1978 to
a peak of 0.05 in 1982, falling to 0.03 in the year 2000. The

present work of the full saving is estimated at 1.38 billion

1 A Qbtu is 1015 British Thermal Units of energy.
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dollars, while the capital expenditures have a present worth of
$1.11 billion, indicating that the program would be cost effect-
ive.

Studies on tax incentive programs designed to persuade
building owners to conserve energy have indicated that such
plans are costly to the taxpayer, although the cost of the
program would be difficult to assess except for first order and
possibly some second order effects. The benefits of a reduced
reliance on foreign oil, social costs of using up national non-
renewable resources and a reduced reliance on nuclear energy are
difficult to quantify. AIn the view of building owners, the
rather simplistic ORNL model developed by Jackson indicates
that, based on present values of money and energy, the plan is
beneficial. Calculation of life cycle costs of energy conser-
ving property, using the savings due to tax incentives, remains
inconclusive because of the uncertainty of the future cost of
energy. This fact is born out by the apathy shown by building
owners or their insistence on very short pay-out periods. Most
of the benefit of the tax incentives programs have accrued to
the equipment manufacturers and the installing contractors.
Manufacturers of fibreglass insulation, double glass and control
system components have experienced a measurable surge in busi-
ness and profits and, of course, the second order tax effects
from this surge are available to the government to offset the

cost of the program.
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Price Incentives

Policy programs based on permitting free market fluc-
tuations in the price of oil while simultaneously eliminating
government subsidies and regulations have been previously dis-
cussed. The United States has de-regulated o0il prices (1979)
but Canada, in the interest of what is termed "fairness to
eastern provinces", adopted The National Energy Program (1980),
which subsidizes and controls the price of domestic oil. A
subsidy equal to the difference between domestic and world oil
prices is paid to refineries which use imported oil thus allow-
ing the commercial price of oil to remain artificially low. The
program states that price is only one route to conservation and
it blames entrenched social and economic patterns which were
established when o0il was relatively cheap for the need to pre-
vent a rapid price rise.

Empiricle studies have shown that price can be effec-
tive in promoting or discouraging the use of an energy source.
The effects of price and pricing policy on energy conservation
is the topic of a paper published in 1975 by the U.S. Federal
Energy Administration. The paper is a very cursory analysis
and, in summary, states that higher prices for energy encourage
people to conserve. The conciusion is supported by five argu-
ments:

(1) Energy consumption in 1973 and 1974 reversed histori-

cal trends and declined while prices rose.
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(2) Energy use per person is less in countries where ener-
gy prices are higher.

(3) Economic studies have demonstrated that higher prices
lead to reductions in amounts of energy consumed.

(4) Opinion surveys indicate that most consumers cite
higher costs as a reason for conservation.

(5) 1Individuals and businesses take specific action to

conserve when prices increase.

The intuitively acceptable remarks in the report are
followed by a number of reports on price elasticities, most of
which are inconclusive.

In economic studies carried out by RAND (1978),
researchers are quoted as providing extensive evidence that a 10
percent increase in electricity prices reduces electrical demand
by greater than 10 percent, and that a 10 percent increase in
natural gas prices redﬁces demand by more than 20 percent. The
report quotes disagreement among researchers as to the magnitude
of price-induced conservation, and the conclusion reached is
that price increases lead to reduced consumption of energy, im-—
plying a downward sloping demand curve.

| A report which addresses the question of the proper
value for energy used in the development of cost-effective ener-
gy conservation performance standards for buildings was publish-

ed by Weber (1978) for the U.S. Department of Energy. The
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report was written in response to the Energy Conservation Pro-

duction Act, (USA, 1978), which set out the development of

building performance standards as an ultimate goal. The Act
specifically stated that these standards were to provide a
balance between savings of energy and costs of standards.

The concept of a Resource Impact Factor (R.I.F.) is
developed to address the problem of the social cost of the
resource compared with the market value. Discussions concerning
the development of standards using R.I.F.'s will be covered
later in this paper. Their price effects will be discussed
here. The assumption is that standards are to be set at a level
which is éocially optimal, using the social value of energy.

The underlying purpose of developing a national energy
conservation standard is to encourage energy conservation meas-
ures in building which are optimal for the nation. The optimal
point for the nation, in this regard, will not necessarily coin-
cide with the market induced level. This divergence ié consid-
ered to exist due to certain distortions in markets for energy
resources. What is optimal for the nation may not be optimal
for the building owner. In traditional economic theory, perfect
competition is said to exist under very restrictive assumptions,
where the prices paid for resources are equal to their true
social value.

The first divergence between social and market price

is unit taxes. A tax on the number of units of gas or kilowatt
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hours of electricity consumed forces the market equilibrium
price to differ from the true social cost of supplying the
resource. This is said to be true unless the purpose of the tax
is to offset negative environmental effects or excess profits. A
situation similar to the unit tax exists where there are too few
firms competing in the market, leading to a degree of monopoly
power. The resource users will not be guided bX%the true cost
of the resource, since suppliers will tend to restrict the quan-
tity supplied so that the price paid is greater than the true
cost of producing the resource.

Externalities or environmental effects are another
source of divergence between the price paid for a resource and
the social cost of making the resource available to the consum-
er. These effects are present when a production or consumption
process generates a cost or benefit not directly involved in the
process. In the case of energy resources, most of the external
effects take the form of costs, and are not reflected in the
price established by the supply and demand for the energy
resource. In the absence of an adequate pollution tax, the
effects of pollution are calculated as a part of the social cost
of producing energy.

To the extent that the nation is Vulnerable because of
economic dependence on the security of supply of imported oil,
the influence of o0il embargos and OPEC price increases must be

included in the calculation of R.I.F.'s.
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Therefore, for each unit of energy consumed, there is
an extra social cost defined in terms of an increased require-
ment for oil imports and vulnerability to supply interruptions.
Although quantifying the impact of import dependency is not pre-
sently possible, it is certain that the cost to a nation's
economic independence makes the social cost of energy consump-
tion exceed its market cost.

Deviations between the prices paid for resources and
their social value grow when price controls are introduced. This
situation arises where. the price is actually set by legislation
or regulation, and not by the forces of the market reflecting
the costs of supply and the benefits from use. Whether the ob-
jective of such regulation is to make the resource affofdable to
allow industry to be éompetitive, or to control excess profits
in an industry with little competition, the administered price
will generally deviate from the social value of the resource.

Another factor which must be considered in estimating
the social value is the effect on market price caused by uncer-
tainty. Because of inadequate information about the long-run
scarcity of exhaustible energy resources, present supply and de-
mand forces may lead to equilibrium prices which do not reflect
true value, and could result in rates of resource exploitation
which are sub-optimal. A similar problem exists because private
discount rates are likely to be greater than the social rate.

Private energy producers, in this case, will tend to undervalue
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the future earnings from resources saved for later exploitation,
and this will lead to extraction at a rate which is too rapid
from a social viewpoint.

It is necessary to describe these factors which affect
social value and market price in order to provide some insight
into the difficulty of representihg the value of a resource at
its actual market price as a basis for discussing energy-related
policies where economically balanced standards are required.
These factors make up a partial checklist which should be consi-
dered in the development of quantified R.I.F.'s. Conflicting
objectives which may exist in society must be taken into
account. Conflicts must be resolved before social values can be

determined.
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Some hypothetical quantity multiplér R.I.F.'s are out-
lined in the following table.

TABLE 5.3
HYPOTHETICAL QUANTITY MULTIPLIER RIF's

UNITS HEATING
NEEDED* LOAD RIF IMPACT
(10 Btu)
Energy Type (1) (2) (3) (4)=(2)x(3)
Nat. Gas (MCF) 60 36 . 1.3 46.2
0il (Gal.) 4,29 36 1.2 43.2
Electric (kWh) 10,548 36 2.0 72.0

The number of physical units of input of the energy type
needed to satisfy the given annual heating 1load of
36 x 10°% Btu. The heating system output of 36 x 10©
Btu was converted to corresponding input requirements by
assuming the following energy contents and conversion effi-
ciencies.

(1) Natural Gas: 109 Btu/MCF and 60% efficiency..

(2) oil: - 140,000 Btu/Gal. and 60% efficiency.
(3) Electric: 3.413 Btu/kWh and 100% efficiency.
SOURCE: WEBER, S., The Effect of Resource Impact Factors on
Energy Conservation Standards for Buildings:; (National
Bureau of Standards: Washington, D.C., September

1978) page 32.
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Also presented are hypothetical price multiplier R.I.F.'s.

TABLE 5.4
HYPOTHETICAL PRICE MULTIPLIER RIF's

ACTUAL EFFECTIVE SOCIAL
PRICE PRICE* RIF PRICE
($/unit) | ($/10 Btu) ($/10 Btu)
Energy Type (1) (2) (3) (4)=(2)x(3)
Nat. Gas (Mcf) 2.00 3.33 2.0 6.66
0il (Gal.) .40 4.76 1.5 7.14
Electric (kWh) .03 8.79 1.1 9.67

Energy contents and conversion efficiencies for each type
are as follows:

(1) Natural Gas: 109 Btu/MCF and 60% efficiency.

(2) oi1l: 140,000 Btu/Gal. and 60% efficiency.
(3) Electric: 3.413 Btu/kWh and 100% efficiency.
SOURCE: WEBER, S., The Effect of Resource Impact Factors on
Energy Conservation Standards for Buildings; (National
Bureau of Standards: Washington, D.C., September

1978) page 32.
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Weber defines the limitations in calculating social
prices (Table 5.4, Column 4). The evidence presented in Table
5.2 indicates the range of RIF's over the major sources of ener-
gy. I£ is noted that electrical energy (generally considered a
local source of energy) is assigned a low RIF (1.1) while natur-
al gas and oil (large impact items) are assigned much higher
RIF's (2.0 and 1.5). This reflects the growing social concern
with the balance of payments issue.

The methods used incorporate a study of cost compon-
ents rather than quantifying social standards over the 1life
cycle ofvthe property. Constant marginal cost of resources is
assumed, regardless of the total level of resource use. Second,
it is assumed that the temperaturé base for calculating degree
days did not change with increases in prices. Weber concludes
that, as R.I.F. values rose, the maximum energy consumption rate
allowed by the socially opﬁimal standard would be reduced.

Since price affects energy use, it is worth investiga-
ting how energy tariff schedules may be constructed. Intuitive-
ly one would expect that level prices or prices which increase
according to the amount of energy used would promote conserva-
tion. Charges to consumers have historically been based on de-
créasing block pricing for both electricity and natural gas.
Consumption in larger blocks is charged at lower rates.

In Canada, private discussions with personnel at B.C.

Hydro have indicated a trend, which will take 10 to 15 years
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from now to complete, toward reducing block pricing and eventu-
ally developing a level price system at set rates per KWH or
BTU.

Commercial users of power have been faced with demand
charges so, where block or stepped rates tent to encourage con-
sumption of electrical energy, the demand charges will have a
dampening effect. Instituting demand charges [See Chapter 1],
however, do not significantly reduce the total consumption of
power, for example, power generated by non-renewable resources.
Instead, demand billing reduces the peak demand, and this in
turn will have the effect of reducing the total amount of gener-
ating capacity required. This effect of demand billing can be
seen from the previous explanation of demand metering. In the
area of nuclear energy, or new coal-fired generating plants, the
new plants may not be required as early when utilizing a policy
of demand pricing of electrical energy as would be the case with
other pricing models.

Time-of-day and seasonal demand pricing of electricity
are similar methods of altering demand by spreading peak demand
over longer time periods. These methods are explained in an
article by Taylor (1979). Seasonal demand pricing is similar in
nature to demand metering and billing presently in use in Can-
ada. Time-of-day (T.0.D.) pricing, although used extensively in
Western Europe, has been used in only a few small scale experi-

ments in North America.
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Experiements presently underway by the U.S. Federal
Energy Administration are expected to generate data showing the
effect of T.0.D. pricing on load curves. It is expected that
both time-of-day and seasonal pricing will level out the load
curve and reduce the requirement for peak-load production of
power, Jjust as seasonal demand billing has. In designing a
model of the load curve for the demand for electricity, short
and long run effects are considered as are the effects of decre-
asing block tariffs.

Block tariff pricing is simulated in the 1load curve
model by considering that it is similar to a change in income in
an economic analysis. In the commercial area, there is a com-
pliéation introduced by the fact that electricity is sold using
a KW charge as well as a KWH charge. The model is developed to
forecast the 24-hour load curve for the utility, using basic
determinants such as price, temperature, summer and winter sen-
sitive plant, non-weather sensitive plant, and socio-demographic
characteristics. The hope is to develop a model which will pre-
dict the effect of T.0.D. pricing, and it is expected that the
information will be useful to utilities and policy-making bodies
in establishing the price of electricity on the basis of

consumption, seasonal demand and time-of-day demand.
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Subsidies and Grants

The use of subsidies to encourage the installation of

energy conserving plants is expected to bring about results

which are similar to the tax incentive policies. However, it is

assumed that the administration costs of a subsidy program will
be considerably higher than for tax incentive policies.

In addition to the effective subsidy given to
consumers in the form of lower than world price for oii in
Canada (NATIONAL ENERGY POLICY), and the existing subsidy under
the Canadian Home Insulation Program (C.H.I.P.), the Canadian
government has a subsidy program to promote interfuel substitu-
tion which is outlined in the National Energy Program. A grant
of $800 or 50 percent of the cost of conversion is available to
homeowners for substitutions from o0il to gas, electricity or a
renewable resource. The program also refers to "other steps" to
ensure that conversions from oil to gas occur in the commercial
,sec£or.1

An Economic-Engineering Analysis of Federal Energy

Conservation Programs in the Commercial Sector (Jackson, 1979)

presents a theoretical look at grant programs which is similar

to the study of the investment tax credit. The paper describes

the proposed U.S. federal program of providing matching grants

1 In the National Energy Program, "other steps" is left unde-
fined.
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to states for energy conservation improvements to schools and
hospitals.‘ As presented in Table 5.1, the capital cost of the
program was expected to total $l.18 billion through 1980. The
total energy saving in QBTU was projecﬁed at 0.04 in 1978, in-
creasing to 0.12 in 1980, and reducing to 0.04 in the year 2000.
Calculations show the present worth of capital at $1.64 billion
as the cost of the program, with energy savings estimated at
$2.01 billion. The net present worth to the taxpayer, including

grants for public buildings, is therefore positive.

Tax Penalties

A paper by Hudson and Jorgensen (1974) provides an
overview on various methods of taxing energy use. The tax is
described as a wedge between the price paid by consumers and
that received by producers. If the tax 1is added to the sale
price, the supply price is unchanged and acts on the demand side
only.

An econometric model of macro variables is developed
to determine the pattern of economic interactions that result
from a given tax specification. The model contains a simulated
picture of the inter-industry supply and demand determinants in
the U.S. economy. The model is used to analyze the BTU tax de-

signed to reduce fuel consumptionl. The alternative oil

1 The BTU tax is a uniform rate energy tax on the BTU content
of all fuel sales to the non-energy producing sector.
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prices used in the model were $4.00, $7.00 and $11.00 per bar-
rel, and it is expected that some distortion in the results
would occur at a 1981 world price. The BTU tax was to be impos-
ed on energy as it emerges from the fuel producer into domestic
uses; hence, fuel exports and fuel to general electricity are
exempt. The BTU tax rate was estimated for taxes on coal, gas,
petroleum and electficity anticipating substantial cuts in in-
termediate and final use. In the 1980 estimate, service con-
sumption would be reduced by 9.5 percent 1in response to a
$.50/million BTU's tax rate. This rate was estimated to produce
tax revenues of $31 billion.

Studies of elasticity by the authors showed that dis-
cretionary consumption, described as heating and cooling of
housing and gas for cars, was more elastic than industrial use.

Alternative tax policies designed to reduce the use of
imported o0il to 0.5 million barrels per day, and natural gas to
0 by 1985 were also discussed. One such alternative tax policy
the Energy Sales Tax, is a uniform sales tax on all sales from
the fuel producing sector. The tax was found to cause a substi-
tution from energy to inputs of labour and capital.

Another example, the Petroleum Tax is a uniform rate
sales tax on all petroleum products sold to the non-energy pro-
ducing sector. The model indicated a reduction in consumption,
with little inter-fuel substitution. The model.did nét indicate

a decrease in natural gas demand.
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In the model, the effect of the BTU tax was to gener-
ate a substantial change in the relative prices of fuel. Prices
for coal increased the most at 36 percent, petroleum was second
at 35 percent, end electricity the least at 12 percent. Figures
for natural gas were not given.

Quirls (1980) favours the use of tax penalties to pro-
mote energy conservation. Where taxes are used to speed up an
expected response to market-determined price incentives and to
correct the problem of balance of payments pertaining to basic
energy resources, these policies are appropriate. In order for
conservation to take place and to achieve the most efficient
combination of resources, the price of the energy-capital com-
bination should rise relative to other expenses.

Using taxes as a substitute for regulation is the
topic of a paper by Breyer and Drapkin (1979). Setting the
price of energy through regulation is criticized in two major
areas. First, policy agencies are unable to determine a price
which allows normal profits and ensures sufficient new produc-
tion. Second, the problem of allocating the resource at the re-
gulated price can be virtually impossible to solve. Standards
developed by the Federal Power Commission attempted to allocate
natural gas resources by establishing interruptible categories
depending on a priority list. The problem was only partially
solved by creating a process that allocated gas in a. manner

similar to television licenses, by using exceptions to the rule
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to eliminate users. The public interest was determined in each
case, and was used as a measure for curtailment.

Breyer and Drapkin suggest that the excess profits tax
be used as an alternative to accomplish the same ends as regula-
tion, but more directly. The tax would redistribute excess pro-
fits from the producer to the consumer and would avoid the prob-
lems caused by regulation. The problem that the policy author-
ity must face is determining what profit is normal and what is
excessive. This problem is solved by setting the tax at a level
equal to the differences between cost and world market price.
This would apply similarly to natural gas and oil. The upper
bound of the tax is the free-market price of the product. This
is not easy to determine in the case of crude oil and natural
gas since these products are not homogeneous; variations occur
in grades of crude oil, distance from seaport and time of year
differences. The upper bound therefore depends on establishing
specific categories. The lower bound is designed to capture
windfall profits. It is equal to the difference between the
cost of older, cheaper products or domestic products, and the
free-market price. Again, categories must be established to
account for the heterogeneous nature of the product.

Breyer and Drapkin anticipate no problems in the coll-
ection or enforcement of the windfall profits tax, given that
categories can be established and agreed to by the tax collector

and the producers.
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Serious problems are obvious in the use of a tax as a
substitute for regulation. However, the problems seem less ser-
ious than those accompanying price regulation, particularly
since the tax system is able to rely on the market for alloca-
tion.

Despite these advantages, the tax system as a substi-
tute for regulation is not expected to be acceptable to the pub-
lic. The resulting large increases in price would be perceived
as large profits for producers, and would produce a political
demand for regulation to hold down prices.

As emphasis shifts from regulation to taxation, the
corresponding legislative Jjurisdiction and bureaucratic respon-
sibility presents problems. During the time of transition, reg-
ulatory committees would be less familiar with the particular
area regulated, and more interested in the general macro effect
of taxes.

Examples of taxes are presented by the Government of
Canada's recent National Energy Program. Taxes were created to
compensate for revenues foregone when a natural gas export tax
was not imposed. Taxes were placed on oil and gas in general.
The o0il tax is called the Petroleum Compensation Charge, and
produces a "blended price" of crude oil by subsidizing imported
0il. In addition to the tax on o0il, the federal government
taxes the sale of all natural gas, both domestic and export.

The government also maintains a tax on exported oil equal to the
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difference between the domestic price and the export price. The
effect of the tax is to remove the incentive for provinces or

producers to export oil.
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Mandatory Financial Policy Instruments

Fines

In the United States it can be seen that regulations
governing the quantity of energy which may be consumed by a com-
mercial building have‘ already been established at the city,
state and federal levels. A total of 15 out of 21 states sur-
veyed by the Federal Energy Administration had energy regula-
tions in 1977. In most cases these regulations applied to new
buildings only, and required the pre-submission of building doc-
uments and proof that thermal characteristics conformed to the
regulations.

The possibility exists that non-compliance with these
regulations or failure to meet regulations after initial approv-
al would be subject to review by the judicial systems and fines
would be levied as a method of ensuring compliance.

In the future, when the high cost and/or the availa-
bility of energy becomes more acute, it is also possible that
regulations will be extended to the existing stock of commercial
buildings, demanding that these buildings reduce consumption or
be subject to fines.

The imposition of fines would require enforcement pro-
cedures along with a detection system which would imply the

cooperation of fuel suppliers. As with violators of pollution
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regulations, fines would be levied after an adequate time is
allowed for compliance.l |

This policy measure would only be undertaken when the
problem becomes much more acute, and persuasion and code

regulations'have not elicited the desired response.

Finance Withdrawal

The U.S. federal government has instituted a system
similar to the use of fines. A system of grants (negative
fines) allow state Dbuildings to Dbe upgraded with energy
conserving measures. These grants will be withdrawn unless the
state adopts provisions similar to ASHRAE 90-75 (1975) in its
building code, requiring all new buildings to meet energy

conservation requirements.

1 It should be noted that these fines are essentially a "poll
tax" which is unrelated to energy consumption or energy
wasting.
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Persuasive Non-Financial Policy Instruments

Research and Development

Research and development in all areas of energy con-
servation and conversion is seen as one of the most important
policy areas. This may include research in technical areas as
well as behavioral research.

For exémple, the Canadian government is conducting 10
ongoing research programs at a total éstimated expenditure of
$12 million. In the area of conservation, the principal effort
is on reliability, practicality and economics of the application
of energy conversion processes. By comparison, the government
is also spending $160 million in the same period of 1979-80 on

nuclear research, including research on nuclear fusion.

Education

Education to conserve non-renewable resources covers a
broad range of possibilities. For the most part, efforts in
this direction lack concrete, quantifiable and quickly evident
results. This may not be the case in "kill-a-watt today" type
programs. With this program, occupants of a building are educa-
ted to turn off non-essential electrical loads. Other education
programs being developed include those designed to convince
occupants that it is desirable to adjust clothing instead of

space temperature, to close drapes on a nice sunny day to reduce
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heat gain, or to refrain from opening windows in older buildings
to control space temperature during the heéting season. These
programs will not lend themselves to easylmonitoring and evalua-
tion.

Education programs for the general public and for
building occupants in commercial buildings are inexpensive rela-
tive to retrofit and conversion of building systems, and have
proven to be cost-effective in saving energy. Programs of this
nature can also have the effect of preparing people to expect
less than ideal space conditions due to the activities elsewhere
to conserve energy. In this regard, if local governments fol-
lowed a policy of providing information and support to building
owners, it would be beneficial in the short run by achieving
immediate reductions in consumption, and in the long run by
changing people's attitudes to energy as a "cheap" good.

Programs designed to educate building owners and mana-
_gers have been developed by governments, and are designed to
remove some of the uncertainty surrounding energy cost, as well
as to change attitudes towards conservation. An example of this
type of program is contained in the Province of British Colum-
bia's Energy Conservation Manual, (undated), published by the
Ministry of Energy, Mines and Petroleum Resources, Energy Con-
servation and Technology Division. The Manual contains informa-
tion on future energy costs and potential areas for saving. A

four-part energy management program is outlined. The first part
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is the evaluation phase, where an energy audit is recommended.
Upgrading operating and maintenance procedures, reducing energy
loads and implementing retrofit programs are suggested. The
potential savings in each area are described and the manual con-
cludes with operations and maintenance checklists and forms for
recording electrical and o0il or gas consumption. The document
also describes the Energy Bus program. The bus, along with
trained engineers and technicians, is available to commercial
and industrial energy users to identify areas of energy savings.
The programlin use is restricted to firms and institutions whose
energy consumption costs a minimum of $10,000.

Education programs aimed at building owners should
provide information, as explained above, but should also work to
change attitudes, and to let owners know that energy conserva-
tion is not only economical, but also is one of the requisites
of being a good corporate citizen. Providing information to
building owners about the current state of energy availability
and future pricing should form the basis of an education process
to dispel the conventional concept of an inexhaustible supply at
an acceptable price.

An area of conservation education which has received
little attention and is the key to achieving measurable results
is the technical education of operating and maintenance person-
nel. The state of the art in design has met the challenge, and

buildings are being designed which operate a 20 percent of pre-
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viously accepted consumption figures. Some owners are making
substantial investments in plant, with the hope of receiving a
return on that investment through reduced consumption of elect-
ricity, oil and natural gas. Without trained personnel to oper-
ate these systems in an}thimal manner, the expected results
will not Dbe achieved. It is estimated by building systems
designers that it takes four years for trained operating and
maintenance people to achieve the full energy saving potential
of a commercial building. If a time allowance has to be made to
train people on the job, this period can be expected to be doub-
led to eight years, with the resulting loss in operating effici-
ency.

While a cost-benefit study of technical education for
the operation and maintenance of energy using systems is not
available, there is some indication that programs are being dev-
eloped. Thomson (1980) explains programs at Toronto's George
Brown College which cover heating technology, changing atti-
tudes, priorities and energy saving tactics for the public. The
course of studies emphasizes theory, to equip students for new
advances in building heating technology. The course includes
marketing of improvements in energy-efficient units, to allow
technicians to go into industry with the necessary skills. The
demand for this type of person is evidenced by the fact that the
program places 100 percent of its students in jobs at an annual

rate of 250 students per year.
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Manufacturers will train operating personnel in the
use and programming capabilities of computer-based control sys-
tems in buildings. This type of program tends to cover their
own piece of equipment which limits flexibility. Without train-
ed personnel, the systems can be the cause of energy waste
rather than conservation.

In the private sector, organizations have taken the
lead in educating their members about the economic advantages of
conservation. The American Architectural Institute has a com-
plete course on life-cycle costing, while the Building Owners
and Managers Association has a full-time energy division to
assist members and to disseminate information. The Internation-
al Association of Shopping Centre Owners provides educational
material; it also presents awards to members for buildings which

achieve the highest standard of enerqgy efficiency.
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Mandatory Non-Financial Policy Measures

Rationing

In the past, governments have used rationing in times
of crisis to distribute a commodity which is in short supply.
Policies involving rationing of energy resources, particularly
automotive gasoline, have been discussed recently.

A form of rationing was employed in Los Angeles in
1973-74 during the severe shortgage of oil for heating and gene-
rating electricity (Acton, 1975). Mandatory curtailment of
usage was established based on past usage. Violators were faced
with the threat of suspension of utility service. It was repor-
ted that the decrease in consumption by residential, commercial
and industrial users was dgreater than legislated, and that there
were no recorded cases where rationing limits had been exceeded.
In the opinion of Acton, the curtailment plan adopted by Los
Angeles was highly successful in the short run, but there are

doubts as to whether it would be effective in the long run.

Codes and Standards

Code standards can be viewed from different perspec-
tives. A paper by Phung and Rohn (1979) explores owners' motiv-
ation for conserving energy. From the owners' viewpoint, the
following question is addressed "should energy conservation be

implemented simply because the energy planners foresee a wide
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gap between energy supply and demand?". Another concern relates
to the impact of resource deployment on the earth's environment
and about the depletion of non-renewable resources. The paper
takes the view of private concerns that energy codes must save
money by the adoption of new ways of using energy.

This view is contrasted with later comments about soc-
ial costs contained in a paper by Brooks (1979). Brooks feels
that it is necessary to set standards to encourage economically
rational demand responses to high energy prices. The fact that
owners are influenced more by first cost than by operating cost,
and that it is necessary to _anticipate future fuel price
increases provides justification for mandatory standards.

The establishment of building codes to promote effic-
ient construction is the policy measure moét frequently used by
state governments in the United States and the federal govern-
ment in Canada. In the early stages of the energy crisis caused
by the cut-off of OPEC oil, various building codes were estab-
lished to prescribe the allowable types of construction for com-
mercial buildings. In Canada, the prescription of insulation
standards, maximum window areas, infiltration standards and mec-
hanical system standards followed from the publishing of ASHRAE
Standard 90-75, Energy Conservation in New Building Design.
These standards were adopted by the Canadian government for all

federally-funded projects.
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Starting with the Energy Policy and Conservation Act

(usa, 1975), federal law required that states adopt ASHREA 90-75
or similar standards in order to be eligible for federal funding
for the energy conservation plans.

Criticism of prescriptive standards are typified in
comments by Erickson (1977).0 In strong terms, Erickson states
that the government had shown an inability to come to grips with
the problem. He contends that issues are clouded in a "“haze of
bureaucratic miasma". Standards, according to Erickson, shduld
be for performance and not technicalities which will vary with
each case. This sentiment seemed to be echoed by Public Works
Canada in developing a performance type code.

The use opf a performance code 1is recognized by The

National Energy Act (USA, 1977) in a section dealing with build-

ings, called "The New Buildings Act (USA, 1977)". The Act pro-

vides that, by 1979, energy performance standards be developed
and that they be implemented no later than August 1981.

Comments on The National Energy Act are contained in a

paper by Klepper (1979). Klepper states that the Act estab-
lishes energy budgets for a wide range of buildings in seven
climatic regions and permits any combination of conservation
measures to satisfy the budget.

The case for performance-based codes was taken to
court in California, when a non-residential code was adopted in

1976. According to a publication by the Lawrence Berkley Lab-

i
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oratory (1978), the code was challenged by the building industry
which argued that, although the state legislature had specified
a performance code, the proposed code was in fact prescriptive.
The code did permit alternative designs but the difficulty in
having alternatives approved appeared prohibitive. The court
ordered the state to rewrite the code to include performance
energy budgets, and to provide a computer program to calculate
energy budgets. The same Lawrence Berkley Laboratory publica-
tion recommended that performance codes be adopted as required
by the New Building Act. The problem of implementation is men-
tioned and special staff and facilities are recommended to

handle plan checking, inspection and approval of new designs.

In the United States the failure of The New Building Act
(usa, 1977} to receive the necessary government backing has led
to a continuing debate over prescriptive versus performance type
codes. The ASHRAE Standard 90-75 has been updated to ASHRAE
90A-80 with changes outlined in an article by Patterson (1980).
The prescriptive sections of the standard have been upgraded but
the performance sections remain under review. Standards of
equipment efficiency have been increased.

The effects of the proposed model code for energy conserva-
tion, which in turn is based on ASHRAE 90-75 in New York City,
is studied in a document authored by Flack (1977). The implica-
tions with respect to first cost, operating cost, energy con-

sumption and marketability of new office buildings are
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presented. The study was undertaken to evaluate concerns ex-
pressed by building developers that the new code would increase
construction costs exéessively on new high rise office build-
ings.

The findings of the study indicated that the code will
not measurably increase the cost of constructing new buildings.
The second finding was that the new buildings, designed in ac-
cordance with the code, will use less energy than comparable

existing office buildings which have undergone energy conserva-

tion programs. Assuming 85 percent efficiencyl, the code-
designed building averaged 63.0 MBTU/FT2. This is 54 percent
less than that achieved in existing buildings. It is also with-

in the 55 MBTU/FT2 standard recommended by the General
Services Administration. The cost of utilities for the New York
City area would be reduced by 32 percent, or $0.67 per square
foot per year if this standard were achieved?2.

An additional recommendation includes that of sub-
metering tenant electrical systems. The report indicates that,
although sub-metering is not currently in force, consideration
should be given to it in the future since sub-metering generally

results in lower tenant electrical consumption.

1 Efficiency is defined as the net-to-gross area for a rent-
able basis.

2 Further, for the office building market, a substantial
growth is predicted in the manufacture of insulation, doub-
le glazing and efficient lighting fixtures.
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Where performance codes are contemplated, and in cases
where standards in prescriptive codes are designed to yield net
positive return to building owners, there has been some discus-
sion concerning the price of utilities which should be included
in the analysis. The calculation of the price of a utility,
including the social costs involved in delivering fuel to the
site as well as normal economic costs, was covered in a previous
section. The report by Weber (1978) on Resource Impact Factors
makes extensive reference to the inclusion of these factors in
the establishment of code standards. The conclusions to that
analysis deal with the effect on the economic efficiency of the
selected energy conservation standard. The report concludes
that, to reflect the national viewpoint, the standard should be
based on the social wvalue of types of energy, which can be
determined by the private price multiplied by the appropriate
resource impact factor (R.I.F.) value. In the case where the
R.I.F. value is greater that one, the savings in energy will be
greater than when private costs alone are considered.

A paper by Nieves (1980) supports the view that social
costs should be considered in determining the choice and cost of
fuel in new buildings. This support is based on the assumption
that the present market system does not promote optimal choices
of energy resources. The social costs mentioned include the
value to the producer of special tax incentives, the value of

direct and indirect subsidies, administrative costs of regqula-
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tory agencies and the cost to society of environmental and heal-
th damages. These costs, added to market costs, give the total
social cost of the fuel.

In addition to advocating the use of R.I.F.'s to set
energy code performance standards, the author further recommends
that marginal rather than average costs for the market value of
the fuel be used. The use of marginal costs, similar to the use
of R.I,F.'s, would also improve the energy performance standards
of new buildings, by reducing the reference level of consump-
tion.

A summary of the approaches to Building Energy Perfor-
mance Standards (B.E.P.S.) 1is contained in an article by
Patterson (1980). Four methods of applying energy performance
standards are listed. The first approach is the one favoured by
policy makers, namely, mandatory energy performance standards
for design. The second and third possibilities are voluntary,
including voluntary standards and a "how-to" approach. The
fourth and most rigid is the annual building energy use stand-
ard.

The first option, using mandatory standards, has been
explained previously. An economically sound 1life-cycle cost
method is suggested for the voluntary options with no mention of
social costs in calculating fuel costs. The last method, the
building annual energy use standard, combines the mandatory per-

formance standards for design with a standard of operation
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and maintenance which raises questions of availability of per-
sonnel, and difficulty in enforcement due to variations in clim-
ate and building operation.

The author suggests that B.E.P.S. follow logically
from the ASHRAE 90-75 prescriptive standard, by using prescrip-

tive methods to calculate a performance standard.

Ordinances

The best example of an ordinance concerning energy
conservation is the mandatory curtailment legislation in Los
Angeles in 1973-74 (Acton, 1975). The government passed ordin-
ances which mandated a reduction in energy use by residential,
commercial and industrial consumers.

Other possibilities present themselves which relate in
part to performance standards. In the case of residential prop-
erties, all homes. in Portland, Oregon, which are either new or
resold, must meet standards by 1982, (Housing and Urban Develop-
ment, 1977). This amounts to an ordinance against the sale of a
house which does not meet the standard. This method could also
apply to the commercial sector on the sale of commercial proper-
ty.

In the case of commercial properties, a more effective
ordinance has been suggested fof general application. The or-
dinance would prohibit lending agencies from advancing mortgage
financing on commercial buildings which do not meet energy stan-

dards.
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General Considerations - Energy Policy

Research has been carried out to determine the rela-
tive effect of various policy methods designed to reduce the
consumption of non-renewable resources in commercial buildings.

The first of these is a study carried out by the
Department of Housing and Urban Development (H.U.D.) (1977) on.
"Energy Conservation Choices for the City of Portland".

The report indicates a saving in the new commercial
building area of 42.8 percent by 1995 with the use of state-
implemented conservation standards and a revised building code.
Using the voluntary method of investment tax credit, it was est-
imated that the saving would be reduced to about 20 percent.
The 42.8 percent reduction would amount to 5.4 percent of total
energy use in Portland in 1995. 1In the area of existing commer-
cial buildings, a weatherization code standard was found to be
the most effective, while the voluntary program would be less
than 50 percent as effective.

A study by Williams et al. (1976) deals specifically
with policy alternatives to achieve energy savings in existing
commercial buildings. The policy alternatives suggested were:

(1) a 15 percent tax credit;l
(2) a three-year rapid depreciation write-off of retrofit

costs; and

1 Not to be confused with the 10 per cent tax credit current-
ly in use in the United States.
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(3) 1low interest, subsidized loans.

The results of the analysis indicated that where
retrofit actions were marginally profitable under present law,
implementing the alternative ©policies would substantially
increase profitability. This led to the conclusion that the
policy alternatives would yield substantial energy savings.

In general, Williams‘concluded that the proposed 15
percent tax credit policy provided the greatest economic incent-
ive to retrofit.

In the study carried out in 1977 by the Environmental
Research Centre of Washington State University, the voluntary
acceptance of various standards were assessed for their ability
to reduce energy. The results of this study are shown in Table

5.5.



TABLE 5.5
ECONOMIC RETURNS AND OTHER FACTORS AFFECTING

125

ADOPTION OF ENERGY CONSERVATION MEASURES, COMMERCIAL SECTOR
TYPICAL ANNUAL SAVINGS
NET OF AMORTIZED COST
Estimated
Twice Ultimate
1976 Prices 1976 Prices Qualitative Factors Adoption
($/year/1000 sq. ft.) (percent)
Temperature Setting Change
72° winter - 78° summer 20-30 40~70 Less comfortable, 40
. more approval
68° winter - 78° summer 45-75 90~140 Less comfortable, 20
more approval
Reduced Infiltration, Ventilation . -~
and Lighting 75-210 150-420 Less comfortable, 20
less attractive
New Building Construction Standards 170-240 340~480 None 20
Retrofit with Insulation and
Double Pane Glass 15-65 90-200 More comfortable 5
Total Energy Systems -~ Direct
Heating - 250 - 100 Possible reliability o

problems

SOURCE: Washington State University{ "NORTHWEST ENERGY POLICY

PROJECT",

Environmental Research Centre,

1977

It is noted that the research centre estimates that no

program will achieve better than 40 percent adoption.

Moreover,.

the programs which provide the least comfort and have the lowest

capital cost will have the highest adoption rate.
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The report also gives the opinion that since energy
costs are a relatively small proportion of a budget, an energy
price change has an insignificant impact on total energy consum-
ption, whereas large increases or rationing would require alter-
ed life styles. They suggest that where response to economic
incentives with positive returns is low, programs of information
and education should be implemented.

| Given the results of the regression model presented in
the last chapter, it would follow that progfams of education and

information are necessary to promote energy conservation.
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ENERGY POLICY: A SUMMARY

It is obvious that the government has available a
variety of policy instruments. The available empiricle evidence
suggests that some of these policies will be effective in the
short run, others will be more effective in the long run, while
yet others appear ineffective by themselves. Moreover, vthe
evidence suggests that some combinations of policies will be
more effective than the sum of their parts.

The evidence further suggests, at least within the
prices established to date, that pricing policy alone is likely
inadequate. However, pricing policy combined with an active

research and education program may be effective.
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CHAPTER VI

CONCLUSIONS

In Chapter I, it was shown that the investment of cap-
ital in energy conserving equipment for an average Canadian
office building yields an adequate return relative to the inves-
tor's discount rate. Given this is true, building owners and
managers should devote time and capital to achieve the optimal
lower energy consumption level. A review of current periodicals
relating to building design and management suggests that this is
occuring, since a substantial number of articles and advertise-
ments related to energy are appearing.

To place this investor's interest in perspective, how-
ever, the theoretical analysis shows that the hypothetical value
of the typical office building, taken as‘the present value of
future benefits, has a very-iow sensitivity at present price
levels, to changes in energy expenses in the range studied
(Chapter I1). When a change of energy expense was studied rela-
tive to the change in internal rate of return, it was found that
the return was inelastic with respect to a major change in
energy expense. This leads one to the conclusion that even
though reducing energy expense is currently the topic of consid-
erable interest, it does not presently play a significant role

in increasing the internal rate of return.
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This conclusion is supported by the results of the
empirical analysis, where the first hypothesis relating an
increase in energy expense to market value was rejected (Chapter
I11). In both the analysis of the complete sample, and in the
stratified samples, there is no consistency either in the sign
of the variable nor in its magnitude and although multicollin-
earity is present in the data set. It is concluded that a
statistically significant 1link does not exist between energy
consumption and market values, at present price levels.

In looking for the logic to explain this result, one
should consider the attitudes towards energy conservation in
commercial office buildings. One can start by differentiating
between those buildings owned by a developer and leased to
tenants, and those buildings owned and occupied by the same
management.

A typical developer-owned office building has multiple
tenants, leasing floor space under "triple net leases" as prev-
iously described. It can be seen, therefore, that in a
developer-owned building, the capital expenditure on energy con-
servation equipment is borne, at least in the short run, by the
developer, but the saving in operating expense is received by
the tenant. This eliminates the direct incentive from the deve-
loper to invest in the reduction of the amount of energy

consumed unless he can charge increased rents.
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A second area which may be considered is the "Better
Manager Syndrome". Given that energy consumption can be reduced
in the typical office building from 30 per cent to 50 per cent
with minimum capital expenditure, an astute investor will not
pay a premium for a building with low energy consumption if he
can purchase a similar building with a higher energy consumption
and achieve the reduction himself.

There appears to be a number of effects relating to
this analysis which counter-balance one another. The increase
in market value which accompanies an increase in energy use may
be explained by the requirement by occupants for quality
services provided through the use of energy. Hence a building
that provides these (energy) services may be more valuable.
Countering this is the effect of the cost of energy, where a
higher price should have the effect of reducing the amount of
energy consumed.

To the extent that it is true that Canada faces energy
shortages in the short run, whether of not new energy sources
are found, and possibly severe shortages in the long run, the
conclusions of this study are threefold. First, it is 1in the
national and local interest to reduce the aggregate consumption
of energy in both new and existing commercial office buildings.
Second, it is in the national interest to promote inter-fuel
substitution. Third, the policies employed to date do not

appear to have a profound effect on reducing energy consumption.



131

The Federal Government has available a number of poli-

cies which may be combined to produce meaningful energy savings.

The policy measures which could be instituted to

achieve this end include:

(1)

(2)

(4)

(5)

(6)

The price of energy, in the short run, could be est-
ablished at its social cost, as previously described.
An excess profits tax could be instituted based on the
increased prices of energy.

Performance codes, based initially on a method similar

to the resource impact factors previously described,

.could be developed and enforced for all new buildings.

A system of tax incentives could be instituted initi-
ally to expedite the retrofit of existing buildings to
current standards. This would, after a suitable volu-
ntary period, be supplemented by a mandatory per-
formance code.

Block pricing of electricity and natural gas could be
gradually eliminated as the price of energy is
increésed. Point-of-use metering of electricity by
office tenants should be mandatory.

A substantial increase in funding could be provided to
technical education facilities to expand programs to
upgrade the performance of operating and maintenance

personnel.
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If the government chose to raise energy prices (and
tax excess profits), owners of commercial buildings would seek
to pass this price increase on to tenants, assuming an excess
demand market, either through expense escalation clauses, net
leases, or higher gross rents. The increased price will not, of
and by itself, promote energy conservation by landlords. How-
ever, in the 1long run, tenant response to higher rents or
occupancy costs occasioned by increasing energy costs will re-
flect in vacancy rates, net rents, yields to landlords and mar-
ket values of buildings. Given the existing structure of
leases, this may take a long time to achieve.

The use of performance codes for new buildings may, in
the short run, plaée these landlords at a competitive disadvan-
tage vis-a-vis existing buildings (those which do not have to
achieve the performance codes). This disadvantage is likely to
disappear as this new fixed cost (of achieving performance stan-
dards) is incorporated into their bid price for land.

The system of tax incentives for retrofit of existing
buildings is not likely to be successful unless the landlord can
find a way to negate existing lease contracts and capture the
resulting gains for himself. As long as tenants reap the energy
cost savings, the landlord has no incentives to undertake retro-
fitting and it is unlikely that the tax incentives would, by
themselves, be adequate. Compulsory use of point-of-use meter-

ing would be one method of capturing the benefits for the land-
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lord.providing rents could be adjusted to reflect the change in
energy use. The cost of energy would, using point-of-use meter-
ing, place the responsibility for energy expenses with the user
(i.e. the tenant).

The final programs, relating to research and educa-
tion, are obviously needed.

A closing caveat is offered with respect to the empir-
ical results. The sample used in this study was relatively
small, in one case as low as 31 buildings, and widely diversi-
fied in both location and quality. It is suggested that further
analysis using a larger, more homogeneous sample (if this sample
could be found) would provide results with more consistency and
statistical significance.

The results of this research are not definitive.
While a good deal of effort has gone into the assembly of data
in the most accurate possible fashion, the lack of significant
results illustrates the problem of estimating the impact of
energy costs on the market values of commercial buildings and
investors' yields resulting from the ownership of commercial
buildings.

Further work is necessary in this subject area. An
evaluation of utility rate studies, governmental regulations in
investments in energy conservation equipment and personnel
training are suggested to evaluate more fully the effects of

energy costs and changes in energy costs on building value.
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TABLE A.1l
CORRELATION MATRIX FOR THE AGE-10 SAMPLE
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TABLE A.2
REGRESSION RESULTS FROM THE AGE-10 SAMPLE

<REG VAR=25,30,35,40,45,4-9,11-16>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 25.VALUE N

SOURCE

REGRESSION
ERROR
TOTAL

MULT R= .80080 R-SQR=

VARIABLE

CONSTANT

LLOT

. INCOME
. ENERGY
.STALLS
.STORIES
.MASON .RY
.AIR

.Q1

.Q2

.AGE

UG
.ELEV
.DATE
.LocC1
.LoC2
.LOC3

DF

16
19
35

PARTIAL

.34290
.29440
.03345
.03767
. 40078
.23003
-.09883
. 10851
. 18581
-.20012
-.02603
.33318
.46712
.00362
.25838
-.22124

SUM SQRS

15941,
3704 .6
19646 .

36 0OUT OF 36

MEAN SQR

996 .34
194 .98

.81143 SE= 13.3964

COEFF

-7.3687
25.243
3.1699
.291857
717 .07
1.8140
11.388

-4 .6053
4.9910
8.9280

-.99553

-.78917
12.566
.63510
.20177
22.192

-9.3999

STD ERROR

30.425
15.865
' 2.3607
. 19985
4364 .1
.85131
11.053
10.638
10.480
10.831
1.1182
6.9533

8.1582

.27580
12.801
19.035
9.5056

F-STAT

5.1100

T-STAT

-.24222
1.5911
1.3428
. 145890
. 16431
1.9068
1.0303

-.43293
.47578
.82429

-.89030

-.113489
1.5403
2.3028
. 15761
1.1658

-.98888

" SIGNIF

.0005%

SIGNIF

.8112
. 1281
. 19882
. 8855
.8712
.0718
.3158

.6699°

.6397
.4200
.3844
.9108
. 1400
.0328
.9876
.2581
.3351
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TABLE A.3
CORRELATION MATRIX OF THE AGE-11 SAMPLE
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TABLE A.4
REGRESSION RESULTS FOR AGE-11 SAMPLE

<REG VAR=20,25,30,35,40,4-9,11-16>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 20.VALUE

SOURCE

REGRESSION
ERROR
TOTAL

DOF

16
19
35

SUM SQ

12897.
2889.7
15797.

N=.36 0UT OF 36

RS

MEAN SOQR

806 .07
152.62

MULT R= .80357 R-SQR= .81644 SE= 12.354

VARIABLE

CONSTANT

.LoT

. INCOME
. ENERGY
.STALLS
.STORIES
.MASON RY
.AIR

.Q1

.Q2

.AGE

UG
.ELEV
.DATE
.LOCH1
.LOC2
.LOC3

PARTIAL

.67657
.26147
.087 16
. 13884
-.27421
-.30706
-.08407
.39624
. 16748
-.07217
.48887
. 16449
.61696
-.66639
-.41353
-.16661

COEFF

11.166
28. 162
2.0283
.92334
1477 .2
-1.1428
-8.1841
-3.5554
17.059
8.1884
-.59258
25.185
8.5938
1.0251
-35.130
-26.343
-7.4839

STD ERROR

20.381
7.0319
1.7178
.24210
2417.3
.91945
5.8193
8.6325
9.0686
11.058
. 18788
10.307
11.823
. 288389

- 9.0175

13.306
10.161

F-STAT

5.2817

T-STAT

.54786
4.0049
1.1808
.38138
.61109
-1.2428
-1.4064
-.41186
1.8811
.74049
-.31541
2.4434
.72688
3.4172
-3.8958
-1.9797
-.73654

SIGNIF

. 0004

SIGNIF

.85902
.0008
.2523
L7071
.5484
.2290
. 1758
.6850
.0754
.4681
.75%58
.0245
.4762
.0029
.0010
.0624
.4704

138



139

TABLE A.5
CORRELATION MATRIX FOR ST-2 SAMPLE
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\ TABLE A.6
REGRESSION RESULTS FOR ST-2 SAMPLE

<REG VAR=25,30,35,40,45,4-9,11-16>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 25.VALUE N= 33 QUT OF 33

SOURCE DF SUM SQRS MEAN SQR F-STAT SIGNIF

REGRESSION i6 10157. 634 .83 3.1062 .0147
ERROR 16 3270.0 204 .38
TOTAL 32 13427.

MULT R= .86975 R-SQR= .75647 SE= 14.296

VARIABLE PARTIAL COEFF STD ERROR T-STAT SIGNIF
CONSTANT 4.,2935 30.971 . 13863 .8915
30.L0T7 .70836 40.487 10.057 4.0256 .0010
35. INCOME .01631 . 14408 2.207% .65266 -1 .9488
40 . ENERGY .26701 .40317 .36379 1.1083 .284 1
45.STALLS .09854 945. 19 - 2386.3 . 38608 .6973
4 .STORIES -.02336 -.89908 9.6175 -.93484 -1 .9267
5.MASON RY -.35111 -11.190 7.4601 ~-1.4999 . 1531
6.AIR .04491 1.7652 9.8157 . 17984 .8595%
7.Q01 .42058 20.067 10.822 1.8543 .0822
8.Q2 .23174 13.373 14.033 .85291 .3548
9.AGE -.24981 -.29760 .28838 -1.0319 .3174
11.UG .11167 5.3635 11.933 .44848 .6591
12.ELEV -.01272 -.89374 17.569 -.50870 -1 .9601
13.DATE .37261 .55012 . 34252 1.6061 . 1278
14.L0CH -.27126 -20.602 18.27% -1.1273 .2762
15.L0C2 -.00646 -.63107 24 .408 -.25855 -1 .9797

16.L0C3 .01607 1.3855 21.546 .64302 -1 .9495
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TABLE A.7
CORRELATION MATRIX FOR ST-3 SAMPLE
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REGRESSION ANALYSIS FOR ST~-3 SAMPLE

TABLE A.8

<REG VAR=20,25,30,35,40,4-9,11-16>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 20.VALUE

SOURCE

REGRESSION
ERROR
TOTAL

MULT R= .86425

VARIABLE

CONSTANT

.Lo7

. INCOME
.ENERGY
.STALLS
.STORIES
.MASON 'RY
.AIR

Q1

.Q2

.AGE

UG
.ELEV
.DATE
.LOCH
.Loc2
.Locs3

DF

16
22
38

R-SQR=

PARTIAL

.45244
.23116
.03377
. 15698
.22858
. 10198
.01974
. 20880
. 18871
. 12539
. 19328
.00783
.51860
.34115
. 13183
.37318

SUM SQ

15333.
5194 .8
208527.

N=

RS

39 QUT OF 39

MEAN SQR
958.29
236.13

.74684 SE= 15.366

COEFF

-8.9519
39.379
2.1044

-.33700
3127 .4
.94993
8.2106
1.4437
10.9495
10. 143

-.16363
7.3749

~-.35502

.87655

-20. 166
11.839

-16. 117

-1

STD ERROR

29.872
16.548
1.8883
.21261
4194.8
.86254
17.076
15.589
10.930
11.254
.27603
7.9815
9.6723
.34236
11.847
18.978
8.5432

F-STAT

4.0584

T-STAT

-.29968
2..3796
1.1144
-.15850
.74553
1.1013
.48082
.92613
1.0014
.90135
-.58280
.92400
-.36704
2.8524
-1.7022
.62380
-1.8865

SIGNIF

.0014

SIGNIF

.7672
.0264
2771
.8755
.4638
.2827
.6354
.9270
.3275
L3772
.5594
.3655
.87 11
. 0083
. 1028
.5392
.0725

142
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TABLE A.9

CORRELATION MATRIX FOR AGE-15,

ST-2 SAMPLE

€001
‘Sl

or80 "’
SLOL
Oese”’
8691’
vEBO”

0000

1007
b

SceEe”
66v0°
LOEL ”
oL’
oro8”
EESC’

0000~

ilva
‘et

8000

Lvel”

c8cey’

ELLO”

LOLE

8660°

8¢0C”

0000

1

A313
ch

88v0"
y0Osc”

segcy”’

_vzotT”

vSLO’

€EGT "

SpoT”

6LGC"

0000~

SIIVIS  ADAINI
“Gb oy
0000t  ZELL
0000 +
on 1oy zo 1O a1V
1 6 . '8 L "9
8LvE" seze” 969¢° €0LT -  8vGL-
zzie: SY90 -  vZiv" bZ9E - LOVYT
N-T-T A YPLG -  99VE’ £80E° -  E£ZOE"
610" g8.€" 0901t " STLO -  6ETO°
99l -  T6TH -  89VO" €9ZC - 8y} -
S16T° SElT - PLGI - 698" 8LEL"
Lo’ 14T SEOO" VLzL: 6010 -
L8LY =  EPLZ -  ELLE: SZVE -  TIBO"
8508 " LBLT -  9EVT’ bLZV - pOTS’
0000°+  €8VZ -  TOML' 0S10° -  LI8}"
0000°+  €0ET -~  1TB)" 86LT -
0000+  1ZK8 -  PGOL’
0000°+  9l8py -
0000 |

IWOONI
=13

9600 -
699¢"

0000 " |

AINOSVNW

-]

896G} -

cter

414

LC9C " -

oEvo”

S804 °

LSS} " -

E6VO " -

c8ey’

vice’

LyOC -

S9¢¢E”

£80€E " ~

0195”

0000 "t

107
"0

8ciE"’
LLLY”
LBEO " ~

0000 "

SITA01S
4

Evel "~
LLBL
68bE"
9525 " -
08zz"
€LOL
g98e -
zo9z "
0695"
L880"
zvee’ -
oviz
ELVO" -
PEOE *
~osee’

0000

,

£2001
‘91

Li8C”
LSEO"
[33:{00
€CCs”
0000~
ANVA

=14
LOVO”
Loce”
v096”
LSLT”
98¢¢C’
¢68C’
Svi0°
9Cevs”
OGESG”
EEEE
oece”’
G600V
soee”
YOoov”
6VEL "
oove”

0000°

SIVILS”

AD¥3N3

JWOONI

1071

€007

STVLS”

ADY3N3

JWOONT -~

101

€201

¢o07”

1207

Jiva’

LENER

on-’

ELL

[l

(Jol

dIv’

AINOSVYI -

S3T1d04LS”

INAvVA -

I78VIYVA

Sv

ov

=1

el

S}

=14

ov

GE

og

94

St

vi

el

43

°14



REGRESSION RESULTS FOR AGE-15,

TABLE A.10

ST-3 SAMPLE

<REG VAR=25,4-9,11-16,30,35,40,45>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 25.VALUE N=

B WW > o
GO0 HWN=OOIOU L

SQURCE

REGRESSION
ERROR
TOTAL

MULT R= .89917

VARIABLE

CONSTANT

.STORIES
.MASONRY
LAIR

.Q1

.Q2

.AGE

UG
.ELEV
.DATE
.LOCH
.LocC2
.LacC3
.LOT

. INCOME
.ENERGY
.STALLS

DF

16
18
34

R-SQR=

PARTIAL

.36839
.23733
. 11601
. 17529
.28261
.02928
.41720
.08179
.58073
.25587
. 35080
. 25959
.594739
.054149
. 12331
.37280

SUM SQRS

14213.
3366. 1
17579,

35 OUT OF 35

MEAN SOQR

888 .31
187 .01

.80852 SE= 13.675

COEFF

-22.705
9.8604
8.3309

-5.5224
8.3067

17.875
-.10838
14 .544
3.4779
.84985

-16.481
33. 140

-15.219
51.465

-.48691 °

-.11872

-5051.5

STD ERROR

27 .886
5.8652
8.0375
11.144
10.996
14 .301
.87216
7.4675
8.8933
.28081
14.671
20.845
13.345
16.385
2.1148
.22518
2963 .6

F-STAT

4.7501

T-STAT

-.81418
1.6812
1.0365

-.49555
. 75540
1.2499

-.12427
1.9476
.38107
3.0264

-1.1234.
1.5898

-1.1404
3.1391

-.23024

-.52719

-1.7045

SIGNIF

.00 t1

SIGNIF

.4262
. 1100
.3137
.6262
.4598
.2273
.9025
.0672
. 7003
.0073
.2760
. 12893
. 2691
. 0057
.8205
.6045
. 1055

144
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TABLE A.11

CORRELATION MATRIX FOR THE

SAMPLE

"GOOD"
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TABLE A.12
REGRESSION RESULTS FOR THE "GOOD" SAMPLE
<REG VAR=20,25,30,35,40,4,5,9,11,12,13,14,16>
LEAST SQUARES REGRESSION
ANALYSIS OF VARIANCE OF 20.VALUE N= 31 OUT OF 31
SOURCE OF SUM SQRS MEAN SOR F-STAT SIGNIF
REGRESSION 12 10391, 865.89 3.4281 .0092
ERROR 18 4546.5 252.59
TOTAL 30 14937.
MULT R= .83404 R-SQR= .69562 SE= 15.893
VARIABLE PARTIAL COEF? STD ERROR T-STAT SIGNIF
CONSTANT 55.983 38.250 1.4636 . 1605
.LOT .49165 31.568 13.179 2.3954 .0277
. INCOME -.06075 -.67686 2.6214 -.25820 ©.7992
. ENERGY . 15234 . 15033 .22987 .65395 .5214
.STALLS .09897 1504 .6 3565.7 .42186 .6781
.STORIES .0909 1 .42020 1.0849 .38731 .7031
.MASON RY -.27629 =-15.502 12.710 -1.2197 .2383
.AGE -.44522 -.86935 L4121 -2.1095 .0492
.UG . 30036 11.782 8.8189 1.3360 . 1982
.ELEV . 32371 20.935 14,423 1.4515 .1638
.DATE . 13735 .34778 .58115 .58831 .5636
.LOCH -.35157 -20.374 12.788 -1.5933 . 1285
.LOC3 -.31151 -16.943 12.182 -1.3908 .1812
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TABLE B.l
REGRESSION RESULTS REMOVING VARIABLES
HIGHLY CORRELATED WITH THE ENERGY VARIABLE

<REG VAR=25,30,35%,40,45,7-9,13-16>
LEAST SQUARES REGRESSION

ANALYSIS OF VARIANCE OF 25

SOURCE
REGRESSION
ERROR
TOTAL

MULT R= .78880

OF

11
61
72

. VALUE

N

= 73 OUT OF 73

SUM SQRS

22550.
13682.
36241,

R-SOR= .62221

VARIABLE PARTIAL
CONSTANT

.LoT .48114
. INCOME .33598
.ENERGY .29244
.STALLS . 18834
.Q1 .28734
.Q2 .21705
.AGE ’ -.10167
.DATE .50198
.LoCH -.41867
.Loc2 -.19703
.Loc3 -.32978

COEFF

4.0434
22.454
2.8880
. 30395
2702.8
15.280
11.443
-.10753
.81211
-22.648
-14.992
-16.820

SE=

MEAN SQR

2050.0
224 .45

14 .982

STD ERROR

11.779
5.2381
1.0366
. 12726
1804.5
6.5214
6.5891
. 13472
. 17915
6.2900
8.5510
6.1648

F-STAT

9.1332

T-STAT

.34327
.2866
. 7860
.3885
.4978
.3430
.7366
-.79821
4.5331
-3.6007
-1.5696
-2.7283

-~ N =-NN B

SIGNIF

.0000

SIGNIF

.7326
.0001
.0071
.0200
. 1393
.0224
.0875
.4278
. 0000
. 0006
L1217
.0083
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