The Economics of Residential Space Heating

Kenneth H. Tiedemann, B.C. Hydro

This paper reports on the evaluation of a residential fuel switching program undertaken jointly by B.C.
Hydro and the natural gas utilities in British Columbia. This program provided incentives for the installation

of natural gas space heating in new multi-family residential construction. The paper focusses on three key
issues: the determinants of space heating fuel choice; the costs and benefits of the program in terms of
customer value and economic efficiency; and the impact of the program on environmental sustainability.
Key findings include the following. First, the main determinants of space heating fuel choice include relative
capital costs of space heating equipment, fuel costs and dwelling type. Second, participants benefitted from
the program since the present value of additional natural gas costs plus customer net capital costs was less
than the present value of reduced electricity consumption. Third, the program had a positive net present
value on a total resource cost basis, ie. the program met the key utility planning test for British Columbia.
Fourth, the program had significant negative external effects due to the green house gases and local pollutants
associated with the use of natural gas space and water heating. The program failed the societal test due
mainly to the costs associated with additional ,£80, and NQ.

INTRODUCTION Although it has these advantages, natural gas has made only
limited inroads as a heating fuel in multi-family dwellings.

In recent years, natural gas has become the favoured fuel forT Nere appear to be market barriers preventing a higher rate
space heating and water heating in single family dwellings in ©f market penetration for natural gas in multi-family heating
British Columbia. However, natural gas has achieved more applications. These barriers include the difficulty that devel-
limited penetration in apartment units. This limited penetra- OP€rs have in recouping higher capital costs for natural gas
tion of natural gas in apartments appears to be due to asPace and water heating through higher selling prices or
variety of market barriers. To address these market barriers,higher monthly rents and possibly lower levels of knowledge
B.C.Hydro and the gas utilities in British Columbia imple- Of energy efficiency among first-time and off-shore buyers
mented a pilot fuel switching program called Residential Who make up much of the market for multi-family units.
Natural Choice. The Residential Natural Choice pilot subsi-
dized installation of natural gas space and water heating inPilot Description
new multi-family residential construction.

The goals of the Residential Natural Choice pilot were to
This paper provides selected results from the evaluation Ofpromote natural gas as a space and water heating fuel and to
this pilot. The paper is structured as follows. The next section gain an understanding of the impact of alternative incentive
provides a description and overview of the pilot. The suc- levels on heating fuel choice. The pilot began in September
ceeding four sections cover the approach of the study, spacel991 and remained open for subscription until March 1992.
heating fuel choice, costs and benefits, and environmentalpjlot design emphasized the following features. First, incen-

impacts. The final section provides a conclusion. tive costs were shared between B.C.Hydro and the gas utilit-
ies. Second, the pilot was not narrowly limited with respect

BACKGROUND to location to get as wide a range of experience as possible.
Third, incentive levels offered were deliberately varied to

Background and Rationale for the Pilot gain an understanding of take-up at varying incentive levels.

Fourth, the program was targeted at apartment develop-
In British Columbia, natural gas has a number of advantagesments, although rowhouse developments were also eligible.
as a heating fuel over electricity. First, although natural gas

requires higher initial or capital costs, life cycle costs for Because of the pilot nature of the initiative, there was no
natural gas are often lower than electricity. Second, if natural initial widespread advertising. Instead, major developers
gas is used as the incremental fuel source to produce electric- were individually approached and informed of the nature

ity, it is usually more efficient to use natural gas directly as and purpose of the pilot. Participating buildings had to use
a heating fuel rather than using it indirectly by first producing natural gas for both space heating and water heating,
electricity. Third, burning natural gas directly for heating although incentives were offered only for the incremental
may reduce harmful emission volumes. capital costs of space heating. Any natural gas fireplaces
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installed had to have an efficiency of at least 65 percent. the issues. These are discussed in detail in the following sec-
When a proposal from a developer was received, it was tions.

carefully reviewed to gain an accurate understanding of the

likely reduction in electricity consumption, the increase in SPACE HEATING FUEL CHOICE

natural gas consumption and the incremental capital costs
involved. Following this review, a decision was made on
whether or not to offer an incentive for the project, and, if

an offer was made, the level of the incentive. An initial L . . . .
Fuel choice in residential households has been examined in

interest was expressed for some 30 developments. Offers . . . .

were made for 21 of these developments and agreementsseveral previous studies. These include Cambridge System-
. X atics (1982 and 1984), Dubin and McFadden (1984), Gately

concluded for 15 projects. These included 14 apartment

projects and one rowhouse project (1980), Goett (1978), and Tiedemann (1994). These studies
' have generally fitted logit or multinomial logit models to
national samples of household data on appliance saturations,
METHODOLOGY fuel prices and fuel choices. Samples have generally been
restricted to single family dwellings because of data limita-

. . o , ) tions. These studies have found that the major determinants
This paper examines three main issues: first, the determlnant%f fuel choice include fuel prices and capital costs for rele-
of space heating fuel choice; second, the costs and benefit§,ant alternatives

of the Residential Natural Choice pilot; and, third, the envi-

ronmental imPa‘?t of the pilot in terms of greenhouse gases, modelling space heating fuel choice, a discrete choice

a_nd local emissions. It shou_ld be noted that falthoug_h_the model is needed since builders and developers have a dis-

pilot aﬁegted both space heatmg anq water-heatmg decISIonS’crete number of alternatives from which they can choose.

only the impact on space heating is considered here. In the case at hand, natural gas and electricity are the only
energy sources used to any significant extent in new residen-

Multiple lines of evidence approach were used in the study. tial construction in the areas where the program was mar-

In other words, for each issue, several data sources were useleted. Fuel oil, propane and wood are not used to any sig-

since no single data source provided adequate information onnificant extent in new dwellings. The dependent variable is

the issue. These data sources included program recordsthus a simple binary one, ie. a “1” if natural gas space

preprogram baseline surveys which included information on heating is used and a “0” if electric space heating is used.

fuel choice in new housing developments, client surveys,

site audits and previous environmental impact studies. The A review of the papers cited above together with interviews

main data analysis techniques used were discrete choicewith developers suggested that there were a number of possi-

modelling, cost benefit analysis, and engineering algorithms. dbterminants for space heating fuel choice. These

Table 1 summarizes the key evaluation issues, together withincluded five variables which are used in the statistical mod-

the data sources and methodologies employed in examining elling. These include: the incremental per unit capital cost

Model and Data

Table 1. Major Evaluation Issues, Data Sources, Methodologies

Evaluation Issues Data Sources Methodologies

Determinants of space heating fuel choice Program records Discrete choice modelling
Client survey
Baseline surveys

Costs and benefits of the program Program records Cost benefit analysis
Survey of developers
Site audits

Environmental effects of the program Program records Engineering algorithms
Site audits

Bridges report
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of natural gas space heating; the price of natural gas; the deviation about 1.7. The models were estimated by maxi-
price of electricity; whether the development was a rowhouse mum likelihood using the Newton-Raphson method. In each
development; and whether the development was a single case, the model converged in five iterations.

family home development. In preliminary work several other

possible determinants of space heating fuel choice were also The regression results are reported in Table 3. The asymp-
considered. These included: owner occupied versus rentalotic t-ratios are shown below the regression statistics. Since
housing; market housing versus social (ie. subsidized) hous- maximum likelihood estimation is used, the familiar F-statis-
ing; number of housing units in the development; and aver- tic is replaced by a likelihood ratio statistic which is equal

age size of the units in the development in square feet. None to [-2 times (log likelihood restricted minus log likelihood
of these proved to be significant, so they were omitted from unrestricted)]. The likelihood ratio statistic has the chi-
further regressions. The sample consisted of 194 housing squared distribution with degrees of freedom equal to the
developments for which suitable information was available number of restrictions, in this case five. The coefficients

from a series of B.C.Hydro surveys of developers. These all have the expected signs, and all coefficients except the
housing developments were completed in the years 1990,constant are statistically significant. An increase in the incre-
1991, 1992, 1993 or 1994. Variables included in the model mental capital cost of natural gas space heating or an increase
and sample characteristics are shown in Table 2.

Model Estimation and Results Table 3. Space Heating Choice Model (dependen
variable is natural gas space heatirng 1, electric
The model was estimated using both a logit model and a space heating= 0)
probit model. When the dependent variable is a discrete one,
both the logit model and the_ probit model possess supe_rior Logit Probit
statistical properties to ordinary least squares (Amemiya| y/ariable Model Model
1981, Johnston 1984). The logit model and the probit model | — - -
differ in their assumptions about the nature of the residuals.| constant 1.1957 4542
The probit model assumes that the residuals have the stant (.1180) (.078)
dard normal distribution with mean 0 and standard deviation
1, while the logit model assumes that the residuals have| Capcost —.0092%+* —.0055%**
the standard logistic distribution with mean 0 and standard (—4.625) (—4.963)
Gaspric —3.8939** —2.2303**
(—2.140) (—2.174)
Table 2. Definition of Variables and Sample
Characteristics (r=194 developments) Elecpric 4.9217** 2.8997**
(2.363) (2.461)
Variable Definition Row 2 4361%** 1.4611%**
(5.049) (5.263)
Space Natural gas heating 1, electric heating= 0
Single 3.9641*** 2.3728***
Capcost  Incremental per unit capital cost of natural gas (6.444) (6.979)
space heating in 1992 C dollars
Log-like —91.46 —-91.14
Gaspric  Price of natural gas in 1992 Canadian dollarg Log-like —133.63 —133.63
per GJ con only
Elecpric  Price of electricity in 1992 Canadian cents pgr Chi-sq 84.35 84.99
kW.h (.0000) (.0000)
Row Rowhouse development 1; other= 0
Source: Tiedemann 1995, 391.
Single Single family= 1; other= 0 Figures in parentheses are t-ratios for regression coefficients
and probability values for the chi-squared statistic.
**Significant at 5% level.
Source: Tiedemann 1995, 388. ***Significant at 1% level.
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in the price of natural gas reduce the probability of natural Residential Natural Choice pilot had a benefit cost ratio of
gas space heating. An increase in the price of electricity, 1.25 using the utility test perspective. The pilot was thus a
presence of a rowhouse development or presence of a singlasuccess from the utility perspective, given avoided costs at
family dwelling development all increase the probability of that time. From the rate impact perspective, the benefit cost

natural gas space heating. ratio was just below one at 0.96. The pilot thus had a slight
negative impact on energy rates. For the participant test, the

COSTS AND BENEFITS benefit cost ratio was 1.10. In other words, participants
gained from the pilot. From a total resource cost perspective,

Cost Tests and Data the key test used in British Columbia, the pilot was a success.

_ _ ~ Here, the benefit cost ratio was again over one at 1.06.
The purpose of the cost benefit analysis was to determineFinally, from a societal perspective (taking into consider-

the impact of the pilot from the perspective of various stake- ation environmental externalities), the benefit cost ratio was
holders. Five cost tests were considered in the analySiS.|eSS than one. This is examined in the next section.

These were the utility test, the rate impact measurement test,

the participant test, the total resource cost test and the societal

test. A variety of data sources were utilized. Estimates of ENVIRONMENTAL IMPACT

increased natural gas consumption and reduced electricity

consumption were based on a combination of engineering ) o o o
and site visit data, using standard ASHRAE methods. Capac-The producnon, transm|ss_|on, dlstrlbgtlon and utilization
ity savings were based on typical load shape information. of various fuels leads to different environmental costs and
Marginal costs of electricity and natural gas were based on impacts. For electricity, these include recreational, agricul-
information from B.C.Hydro and B.C.Gas. Incentives paid tural and forestry losses due to dam construction and reser-
and ut|||ty program costs were based on program recordS.VOir fIOOding and release of carbon if trees and other Vegeta-
Revenue gains (ie. for natural gas) and revenue loses (ie_tiOI"I are killed. For natural gas these include emissions for
for electricity) were based on projected rates for the utilities. the gathering, processing,transportation and combustion of
Incremental capital costs were based on discussions withthe fuel.

developers. Tax credits were based on present sales tax

schedules. The only externalities included were environmen-

tal costs as discussed in the next section. In British Columbia, most electricity is produced from

hydro-electric power, supplemented with some thermal pro-
duction. B.C.Hydro’s social costing framework includes
externalities in the marginal cost of electricity supply used
Cost benefit analysis was undertaken using COMPASS soft-in the above analysis.

ware. The following key assumptions were used in the mod-

gllmg. First, §3O year t|me_ horlzon was used Wlt.h an assump- the majin externality that needed to be costed was that associ-
tion that major gas servicing would be required after 20 ;40 \ith additional natural gas consumption. External
years. Second, a d|§count rate of e|g_ht percent was useqmpacts or external costs were calculated using the following
reflecting B.C.Hydro’s long-term marginal qost of capital. formula: external costs ($/GJ emission factor (kg/GJ) *
Results of the COMPASS runs are shown in Table 4. The unit emission cost ($/kg). The main emissions associated
with natural gas include the following: carbon dioxide; sul-
Table 4. Benefit Cost Analysis phur_dioxide; _nitrous oxides; methane;_ carbon monoxide;
volatile organic compounds; and particulate matter. The

. . emission costs for these seven classes of emissions are shown
Test _Benefit Cost Ratio in Table 5. The emission costs are based on a consultant’s
study (Bridges, 1991) which used the estimated cost of con-
trolling the pollutant as a proxy for emission damage costs.

Cost Benefit Results

Utility 1.25

Rate Impact 0.96
The key point is that incorporation of these environmental

Participant 110 costs reverse the conclusions of the benefit cost analysis.
On a societal basis, ie. adjusting total resource costs by the
emissions externalities, the benefit cost ratio is reduced from
0.82 1.06 to 0.82. Although the pilot appears cost effective on

a total resource cost basis, it is not cost effective when

environmental externalities are considered.

Total Resource 1.06

Societal
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emission production due to increased natural gas consump-
Table 5. External Cost for Natural Gas tion.
External cost REFERENCES
Emission (C$/GJ)
Amemiya, T. 1981. “Qualitative Response Models: A Sur-
co, 812 vey.” Journal of Economic Literature. 19:1483-1536.
SO, 323 Bridges, G. E. and Associates. 19€Valuation of External
Costs Associated with Natural Gas Uséctoria, British
NO, .103 Columbia.
CH, .009 Cambridge Systematics, Inc. 1982. “Residential End-Use
Energy Planning System (REEPS)Final Report to the
co 001 Electric Power Research Institute, EPRI EA-2512 (July).
Volatile organics .018 Cambridge Systematics, Inc. 1984. “Household Appliance
Particulat 001 Choice: Revision of REEPS Behavioral ModeldFinal
articulates ' Report to the Electric Power Research Institute, EPRI-EA-
Total 1267 3409 (February).
Canadian Resourcecon. 198%kating Fuel Choice in Multi-
Family Dwellings in the Lower Mainland/ancouver, Brit-
ish Columbia.
CONCLUSIONS Dubin, J. A. and D. L. McFadden. 1984. “An Econometric

Analysis of Residential Appliance Holdings and Consump-

This paper illustrates how discrete choice modelling and tion.” Econometrica. 52(2):345-362.

cost be_nef_lt analysis can be employed in the ?‘”a.'ys'.s of aGater, D. 1980. “Individual Discount Rates and the Pur-
fuel switching DSM program. There are four main findings. L . .
. . . . chase and Utilization of Energy-Using Durables: Com-
First, the relative costs of space heating equipment, fuel . ) .
) . ) ment.” Bell Journal of Economics. 1(i):373.
costs and dwelling type are major determinants of space
heating fuel choice. By reducing the relative capital cost Goett, A. A. 1979. “Appliance Fuel Selection: An Applica-

differential, larger incentives can encourage the installation tjon, of piscrete Multivariate Choice Models.” Ph.D. Disser-
of natural gas space heating equipment. Second, pilot partici-i4¢jon.

pants benefitted from the program. The present value of

additional natural gas costs plus customer net capital costsjohnston, J. 1984=conometric Methods, Third Edition
was less than the present value of reduced electricity con-pmcGraw-Hill, New York.

sumption. Third, the pilot had a benefit cost ratio greater

than one on a total resource cost basis. The pilot met theTiedemann, K. H. 1994. “Energy Prices, Capital Costs and
key utility planning test for British Columbia. Fourth, the Choice of Space Heating Fuel Proceedings of the 16th
program failed the societal test. This was due to the negativeAnnual North American Conference of the United States
external effects associated with greenhouse gas and locaAssociation for Energy Economics: 387-393.
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