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ABSTRACT

A detailed study of the use of gas in households in several
countries has compiled much data on the use of gas. The present
discussion focuses on the factors that influence quantities of
gas used, such as economic and lifestyle indicators ,ownership of
equipment, energy intensity of equipment use, gas prices, and
conservation potentials. Detailed comparisons of gas use among
countries and over time are possible. It is suggested that a
great potential for more efficient use of gas exists.
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I Introduction

Since 1973 much attention has focused on the use of energy in all
economic sectors. Energy economists have rejected many traditional
forms of end use analysis and forecasting, particularly those based upon
manipulations of the energy~GDP ratio , in favor of careful studies
based upon disaggregation of energy uses by source, price, and end use
function.

One result of the interest in end use is a massive effort to compile
data reflecting not only energy end uses but also changes in end use
patterns. Most often, reductions in the use of a certain form of energy
to perform a given task, ie, reduction in energy intensity, is a clear
sign of conservation. Additionally, differences in energy intensity
among differing countries or regions are now recognized as signs of the
existence of energy conservation.

During the past year the Lawrence Berkeley Laboratory has undertaken
for the US DOE the task of assembling for the first time data on energy
use in homes in seven OECD countries. Additional data on other developed
countries, and on key developing countries (Kenya and the Republic of
Korea) have also been examined. The goal of this work is both to under
stand the historical development of residential energy use in a variety
of countries, and to explain the differences on the basis of differences
in economic structure (i.e., incomes, lifestyle, climate, mix of goods
and services) or differences in energy intensity. Methodology and prel
iminary results have already been given in two previous papers (Schipper
1979 ; Schipper and KetoH 1980). In the present discussion we give
some preliminary findings on the evolution of the use of gas in homes,
and show some findings developed at LBL for examining the potential
benefits of conservation.

II S

Important to any comparison of energy use are details of economic
structure. For the present study we submitted to DOE a compilation of
data on incomes, family size, size and breakdown of housing stock, and
characteristics of additions to the housing stock, These parameters, as
well as climate. are considered to be the most important structural
determinants of energy use. particularly for space heating.
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In Table 1 we give for seven OECD countries the key structural
parameters; Population, number of households, number of dwellings and
their type, size of a dwelling, and the number of people per dwelling.
Because some members of the population live in insti tutions or other
habitats not counted as dwellings, the product of people per dwelling
and dwellings might not equal total population. When all data are exam~

ined, the trend towards somewhat larger dwellings~~~ either because of a
shift towards detached or semi-detached houses, or because of an
increase in the size of each kind of dwelling-~- is clear. Moreover,
there is a parallel trend towards smaller famili.es. As a result, there
is more space to heat / capita, fewer people sharing a gas water heater
or stove. All of these changes tend to increase per capita consumption
of energy.

From the perspective of fuel specialists, the next step in this
analysis is the determination of the saturation and characteristics of
gas appliances. ~~ile the demographic data above was generally avail~

able from a variety of official sources, data on gas appliances and on
the detailed characteristics of dwellings insofar as their thermal
characteristics or size are concerned has proven difficult. Leaving the
details of our compilation to other papers in this series we summarize
our findings on the ownership of gas equipment in the following tables.

We indicate (also in Table 1 ) how many dwellings in each country
use gas. Next we indicate how gas is used for heating One index is
the share of homes using gas as their principal heating fuel. We also
indicate how many homes have gas central heating,giving the share using
gas if known. Central heat is usually defined either as heat supplied by
an individual boiler with means for distributing that heat to virtually
every room, or heat supplied by a collective boiler in a multi~family

dwelling and then distributed. However, it is not uncommon in the UK or
the US to count as central heat systems that use several small gas
burners in most of the important rooms,

What is surprising is the rapid increase in central heating every
where save Japan since 1960, (Canada and the US already exhibited more
than 75% saturation of central heating by the 1960#s). Because gas heat
has entered the market recently in most countries, it tends to appear in
new dwellings, and thereby tends to be central heating, Additionally,
gas had made inroads on existing uses of solid fuels , and apparently on
the use of oil as well, particularly in France and the UK, Table 2
gives relevant data on the rise in the use of gas for heating between
1960 and the late 1970#s,

While the largest quantity of gas now goes for heating in most of
our sample,this was not always the case. In the early 1960#s gas use
was very much centered around cooking, competing primarily with e1ectri~

city. We therefore give data on ownership of gas stoves/ovens for the
past two decades. We caution, however, that most surveys indicate owner~

ship of a gas cooking device; multiple ownership of cookers using dif~

ferent fuels is not always indicated, nor is a commonly found blend of
electricity and gas shown.
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The other major use for residential gas is hot water. several
important caveats are in order. First, combined central heating and
water , not uncommon in the case of oil, seems less common in the
case of gas. This is not surprising; large boilers using any fuel are
inefficient as water heaters during summer months when no space heat is
required. Addi tionaly, the difference between central water heaters,
the kind most common in North America and quick recovery or instant
water heaters ("Durchlaufhitzer", "Geysers" ,"Scalda~acqua") is not
always clear, nor is the difference between bath and kitchen heaters.
This problem compounds our compilation of energy use data, because hot
water is counted in different ways in different countries.

III Use and

What can we say about the energy intensity of gas use that has
resulted from the patterns of housing and ownership of appliances indi'
cated thus far? First, it is the increase in saturation of gas appli~

ances and house size that has accounted for most of the increase in gas
use. An economic study (Dunkerley et al 1980) found a similar relation
using econometric techniques. Rising incomes allowed people to substi~

tute central gas services for individual, and use gas in place of less
convenient fuels. We present here our compilation of estimates of the
use of gas for each of the major three end uses discussed above.

We caution that the figures are preliminary. Nevertheless
indicate a relative stability in the use of gas task since 1972,
after a marked increase, and, many suspect~ more careful metering and
analysis would ultimately reveal a downward trend in energy intensities.
We remind the reader that intracountry comparisons must be made w:i.th
extreme care; we cannot tell yet whether great differences in gas use
for cooking and water heating arise because of lifestyle differences
(cooking style, meals and baths taken at home) or technical differences
in the efficiency with which appliances deliver services.

Of particular importance is space heating. While~non heating uses
of gas usually must be estimated as residual consumption in non~heating

months, space heating is now so important as to be the subject of many
direct investigations. space heating leaves a signature in the monthly
consumption figures for a dwelling, namely, the incremental consumption
of gas for an increment in the demand for space heat given by changes in
degree-days. As Schraeder (1977--see also Woteki and Fels 1978 ) shows,
the relationship between consumption and degree days for various periods
for a single house or group of houses ought to tell us the overall los
siness of the combination of gas space heater and house shell. Changes
in that relationship may indicate conservation; if the user turns the
heat on later in the season but still requires the same increase in gas
use per marginal increase in degree days, the user has most likely
reduced his indoor temperature setting. If both the time when the heat
is turned on~- or alternatively the outdoor temperature at which the
heat automatically goes on~~~ and the relationship of marginal consump
tion to marginal outdoor temperature drop have changed (the latter down~

ward) then we suspect that the user has improved the thermal quality of
his home. He may also have changed his temperature. If gas consumption
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decreases even though the critical heating temperature
heating vs climate remain constant, then the user has
improved the delivery of heat from the appliance.

and slope of
most likely

All of these changes in gas use are indicative of conservation.
Importan tforany economic analysis of the savings from each change, of
course, is their interaction. If we reduce thermostat settings greatly
we reduce the financial paybacks that result from insulating; Insulating
reduces the financial incentive to manage thermostats; Improving greatly
the delivery efficiency of the burner reduces the attractiveness of the
other options. Unfortunately we have little systematic information on
wha t people in each country may be doing to reduce heating gas use.
Nevertheless data from Canada and the US clearly indicate a drop in con~

sumption per heating customer per degree day.

~ For the US, the American Gas Association estimates that heating
gas only,per household and degree day, decreased 12 % during the
1973~78 period on average compared wi th 1967-72. and by 16% in
1977.(The heating season begins in the fall of the year cited)

~ For Canada, Canadian Gas Association estimates an 8% drop in con
sumption in 1979 compared with 1972 corrected for weather but
including all uses. Canada Shell finds a 10% drop in the weather
corrected heating gas consumption for SFD only.

@ For France, data from the Agence Pour Les Economies dPEnergie
show a slight increase from 1973 to 1977, though there was a clear
decrease during the intervening years. Here the effect of rapidly
growing central heating probably obscures the true conservation
effec t.

@ For Germany estimates were unavailable, but an enormous increase
in gas central heating, from 1.2 Million to 3.6 million dwellings
between 1972 and 1979 was observed. While the centrally heated
share of gas heated dwellings increased from 56% (1972) to 74 %
(1977) the increase in heating gas corrected for climate was much
smaller. indicating that conservation offest much of the expected
increase in gas use/dwelling due to central heat.

What might be the potential for further improvement in space heat~

ing? While a variety of studies from each country we surveyed have
looked at this question, there has been little integrated analysis of
the potential for conservation. In the CONAES study (Ref,6) estimates
of the reduction in space heating intensity for the US in the year 2010
were made, based upon various assumptions about future heating fuel
prices and the cost of conservation. These ranged from about 20% to
more than 66% reductions in space heating per household. based upon cost
effective weatherization, improvements in heating equipment, and careful
thermostat use. for a two~ to four~fold increase in gas prices. How
ever. recently A. Rosenfeld and an international team began the Building
Energy Compilation and Analysis (BECA). a project in which data on cen
trally heated homes is compared among countries regions or over
time.(Ref.7) We reproduce here a plot showing centrally heated homes in
the US, Sweden (predominantly oil), and France. For each country a
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variety of actual measurements, of stock~wide aggregations, and of pred~

ictions from engineering computer models is sholfffi. More important,
actual improvements in existing or new homes can be seen, as well as the
cost and rate of return of each improvement for a given energy price,

This plot shows that dramatic improvements in space heating effi~

ciency appear possible in the long run. Swedish homes appear to lead
all others in achieving this potential. and many homes in Sweden already
surpass the new building code there (SBN 1975) which in turn offers
great improvements over the existing stock (S 72). At the same time
improvements in US homes because of proposed Building Energy Perfornlance
Standards (BEPS,Ref,8) can be seen. The BEPS analysis was performed at
LBL using the DOE-2 computer program. Interestingly. DOE~2 analyses of
homes as they were being built in 1978 indicates that building prac~

tices had improved markedly over the past decade. In fact, new homes
appear to lie midway between the "Stock" curve and the upper "BEPS"
curve. The lower BEPS curve. low infiltration. refers to modeled con~

.gumption in homes wi th considerably less than 0.5 ach. This is readily
achieved in Sweden, but health and moisture problems suggest it unadvis
able without mechanical ventilation and heat recovery(BECA 1980).
Because American homes are heated predominantly by gas, the BECA data
for the US tell us much about the prospects for conservation in the US
relative to existing practices, The data for the existing French stock
also include ga,s central heating. Future work will add much more gas
heat to this compilation as it is made available by various authorities.

IV Gas Prices

It is widely acknowledged that energy prices playa key role in both
the choice of equipment (including its nominal efficiency) and in the
use of equipment, particularly in tasks where the dominant cost is the
energy, not the cost of the equipment.such as gas water heaters, While
we have not begun to model energy use as a function of prices we are
aware of the trends in residential energy prices. We give herein (Table
3) real and nominal prices for residential gas, based upon OECD data.
Where possible we include infonnation on heating gas prices, usually the
price of the last block of consumption. This gas is usually consider~

ably cheaper than gas used in small quantities for cooking only. and as
natural gas pipelines were extended and natural gas became cheaper than
manufactured (city) gas its penetration into the heating market was
assured. We do not give prices for competing energy sources (see Ref. 2
for electricity.)though these prices too are important to explaining the
rise of gas use. We do note, however, the tendency of prices to remain
low in real terms, only rising recently (except in the UK lflhere dramatic
increases in the use of low cost North Sea natural gas have held prices
down). Again we caution that falling prices indicated both decreased
costs for gas or substitution of natural for manufactured gas, and the
increase in consumption per meter due principally to the advent ofheat~

ing. It is against this background~-predominantly steady or falling
prices until rising oil prices drove up the demand for gas and the price
for gas as well-~~that many have become interested in the potential for
conservation of gas. We note. by the way. that conservation is now more
often than not defined as saving money while saving energy Schipper and
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Darmstadter;CONAES), This is important to bear in mind; many who are
optimistic on the ties of gas or other fuels that may be available
in the future as oration is expanded forget that it is the prices of
fuels, not the quantities available alone, that determine the desirabil~

i ty of investing in conservation strategies to save money, Moreover,
higher prices increase the cost of services that gas and other energy
forms provide. People and firms will purchase somewhat less of those
services as real costs rise .

V Conse and Economics

How are we to evaluate best the "potential for conservation
investments? One way is to calculate the cost of not conserving!
(Schipper and Darmstadter 1978). That is, for each potential measure,
calculate the cost of gas saved as a function of the price of the con
servation investment involved and the interest/discount rate applied
over the economic lifetime of the investment. Compare this with the the
cost of gas from any marginal source~ imports, LNG, SNG, or natural gas
from fields that can only produce for significantly higher costs. An
elementary estimate of this relationship can be seen in Fig, 2, origi~

nally calculated by the author from data supplied by Rosenfeld (see
Schipper and Darmstadter). Conservation investments are justified up to
the point where supplies~~ideally new supplies evaluated at marginal
costs~~ are less costly than the next investment.

A much more sophisticated effort at collecting such data has been
undertaken (Alan Meier, pers.comm. 1980, see Ref. 10) in which data on
gas conservation measures for parts of California were summed into one
large "gas conservation~supplycurve"~ shown in Fig.3 .

While the reader may consult the source (Ref. 10) for details, the
principle should be understood here. Gas conservation is an economic
proposit;ion that is important in any country where gas prices are rising
or where the use of gas is still far from the economic optimum~ either
from the point of view of the residential user or from society#s per
spective. Examination of the BECA plot for the US Building stock, for
example,and for the BEPS models suggests that present homes, built as
they were to somewhat lower gas prices in an era when little was done to
minimize life cycle energy costs , are far from the point of using gas
economically, even at 1980 prices. When prices for synthetic gas or the
prospects of electric heating are considered, the picture of economic
disequilibrium in the use of gas, and indeed of other energy resources
is strong. On the other hand, we know that consumers have had difficu1~

ties over the past few years adjusting to the new energy situation. We
also know that many barriers to economic use of energy await residential
users. (Blumstein et a1 1980 ) Therefore, we do not expect rapid
adjustment to new energy prices, but rather gradual response as informa~

tion and standards become effective, as new techniques for saving energy
and money become available, and as prices continue to rise.
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VI International Comparisons:Future Work

The work outline here only scratches the surface of the interna
tional problem of energy conservation. Several important issues should
be considered.

* Data on the housing stocks of several countries examined were
incomplete~ particularly as to size of dwelling. Historical
record s should be inspec ted to reconstruc t· the evolution of the
physical size of dwellings in Canada~ Italy~ and the UK in particu
lar. These data are important to any national conservation plan.

iQ Lifestyle differences that lead to differences in gas
requirements for cooking and hot water should be studied. In par
ticular, how much more or less gas per home might be demanded for
these uses because of lifestyle changes?

ITI Technological differences in gas appliances for all uses
should be compared across borders. Are there hidden barriers to one
country'" s adoption of another country'" s device, such as rules
regarding venting, capacity~or flues?

~ Methods developed by BECA or Meier should be systematically
applied to each countries conservation possibilities both to com
pare technologies and costs and to see how big potentials in each
country really are.

~ Differences in energy use patterns that have arisen since
1972 in each country should be examined closely, both at the macro
level(as in the present work) and systematically at the micro level
through metering, surveying, and interviewing.

It may well be that some of this work is going on to greater or
lesser degrees in each country where gas use is important. What is not
taking place, however, is the exchange of information among economists,
engineers, and social scientists in each country that would allow us to
greatly increase our knowledge of international differences in energy
use patterns and conservation. It is hoped that the present research
will above all encourage others to sift through the mass of data that
certainly exists to find out more about how we use energy.

We wish to acknowledge the contributions and support of many experts and
institutions listed in the Bibliography. Particular thanks go to Amanda
MacCrae and Dr. Hideaki Hiyashi of LBL for their help in gathering data
for this paper; to Agence pour les Economies d"'Energie ,Am, Gas As n,
Br. Gas Corp., Canada Shell,and Ruhrgas AG for lending us data and ana
lyses, to J. Wright, Alan Meier,M.Maulhardt for their data on gas saving
in California, and to the Applied Analysis Division of the Energy Infor
mation Administration. which has supported this ongoing work.
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TABLE IMPORTANT STRUCTURAL DATA

ITALY I JAPAN SWEDEN NOTES1

60 75 I 65 77 60 75
I

• 1 52.8 55.9 17 .9 46.4 53.0 50.2 56.0 98.3 114.5: 7.5\8.2
1 16.8 20.0 4 6 ' .3 19.0 24.2 140611800 13.5 16.8 24.7 ! 34.2 2.6 3.3I

•Stock 1 ' 16.7 21.1 4.71 7.7 15.8 2:.4 I
16.4' 21.7113.9 18.3 24.1 I 34.61 2.71 3.5

o 8 I If ! !
12.6 14.0 2.5 6./ 1.4 5.8 4.0 I 8 13 13.3 i If 0.2?1 *excl

3.91 3.1 I 3.5* 2.5*!

I I
3. 1 2 9 I 3.5* 4.1 2.83.2 2.9 I. 3.9* 3.31 2.4 I *per dw

I
If 80 I it If

1
68 17 5

I
65 172

1
58 69

1
73 80 173 82 . Ifn.a.

" I !58 123 In56 29

o Data assembled from statistical and authories in each country.
~ Ow .gas for IGU~ country or statistical 0

Note variations in between and households.
~ Definition of SFD c includes farn1s, detached and semi-detached z pJ...e.x s ro\;,q or terraced <7)



TABLE 2
RESIDENTIAL GAS END USE : PRELIMINARY RESULTS

UK CANADA GERM.ANY
61 72 77 60 72 77 60 72 77
15.9 18.9 20.3 4.6 6.5 7.2 6.2 22.0 24.2

% 8 37 51 67 81 84 14 48 57
% 15a 34 55 16 34 37 1.6 12 17%

1f 51 15 33 36 1.3 9.5 16
LPG % II 4 1 1 1 0.3 II 1

Cent.Gas % II 14 26 13 3 35 0.3 6 2
Gas GJ 50 If 132 133 122 20 6 67

I
1'1J ~It 2 29 27 27 6 18 201,

Total Gas PJ If 321 If 97 293 328 5 141 260
HOT WATER

Gas Share% 15b 26 38 18 30 34 11 18 II
Gas GJ II 7 II 37d 36d 37d 10 7 9

66 58 54c 20 13 9 40 29 25
7 II d d d 2 2

. I
Total PJ 148Ll· 1519 1586 734 1190 1297 I 000 1845 1970

IGas PJ I 40 479 701 142 369 405 54 185 32
--Nat. PJ 0 242 690 I i 1 281

I 136 355 393 I
PJ 137 234 5 I 48 68 30

--LPG PJ I 3 3 6 6 4 12 6 20e 27e
Oil PJ 73 158 147 4 6 606 571 111 1047 1106
Coal PJ I 479 344 I i I !

1132 96 16 14 780 337 172
Wood PJ I 90 65 I I I I
Elec PJ 138 313 309 80 199 289 46 200 271

Dist He PJ II II /I 10 56 64
Elec Twh 38 87 87 22 55 80 13 56 75

Notes: a)1964 e. b) 1966 f e. c)gas also used for refr • in 3% of hh. ~water .
e)LPG excluded from • Hot water also uncertain.

=

f-'
f-'



TABLE 2- continued-
RESIDENTIAL GAS END USE BREAKDOWN: PRELIMINARY RESULTS

FRANCE ITALY JAPAN
62 73 77 60 72 75 60
14.6 16.9 18.3 12.8 15.5 16.1 20.9
20 44 58 11 41 4·3 4

8 15 21 5 18 23 14£ 25£
8 15 21 5 17 22 ILPG % 11 0 1 1 11 11

Cent. Gas% 1 10 14 11 10 13 11 11
GJ . 47 51 52 20 23 24 5 4 3
MJ 19 23 26 9 9 11 4g
PJ . 55 30 201 8 70 92 15 33 40

17 23 30 11 12 13 125h 11
12 1 9 11 14 16 If 6i 11

43 42 40 80 90 94· 0 98 11
8 6 5 4 5 5 If 4 II

686 1523 540 386 920 1018 526 931 1076
72 273 353 II 167 250 136 347 439,

I I \ ! I I I I II I

38 205 II 30 209 96 207 257
-- City PJ i I I I I I ! !I

-- LPG PJ 34 68 64 11 37 4 40 182
Oil PJ 158 94 836 608 622 60 293 325
Coal PJ 180 147 I 210 6 20

4 ':l'C II 55"..; .)

Twood PJ 21 25 l,2 7 5

Elec PJ 23 08 75 3t, 90 106 218 287
PJ J(

It

6 30 49 9 25 29
to gas stove saturation "

1- ter us

!-'
N



Notes for Table 2,

We give a few important notes for each country in the table, and
list at the end of the bibliography the dominant data sources
for each country. Future reports will document completely the
derivations we applied when our sources did not disaggregate
consumption fully. We note that the assignment of LPG varies
from country to country between gas and oil and we probably un
derestimate gas use in the earliest year because of this.
Degree-Days (see paper two) are generally to a base around 18~

19C,but there are differing definitions of heating
season/threshold. Within a single country, however, the time
variations are comparable •

13



14 TABLE 3

DOMESTIC GAS PRICES
Nominal and Real Prices ( US$/GJ )

YEAR-~- ~ NOMINAL~--- REAL

*CANADA* $""f714~~~~-~

1960 .83 L08 1960 1.30
1965 .84 L01 1965 1.21
1970 .84 .84 1970 L05
1972 .84 .78 1972 L09
1975 1.08 .76 1975 1.25
1977 2.61 L58 1977 1,41

*JAPAN*

1960 5.30 9.26 1960 3,46 5.11
1965 4,87 6.36 1965 3.29 4,07
1970 4.51 L+.51 1970 2.89 2.89
1972 4.77 4.29 1972 3.71 3.31
1975 8.73 5.06 1975 5.71 3.7Lf
1977 9.85 4.84 1977 5,78 3.15

*W GERMANY* Dm 1,i

1960 4,65 5.98 1960 L32 1.95
1965 4.01 4.49 1965 1.23 1. tf3
1970 4.54· 4.54 1970 1.23 1023
1972 6.69 6.03 1972 1055 1.40
1975 7.54 5.60 1975 2.25 1,32
1977 12.99 8.94 1977 4.47 1.91

*SWEDEN*

1960 4.60 6.83 1960 2.31 3.38
1965 4.30, 5,3 1965 2.37 2,96
1970 4.04 4.04 1970 2.33 2.33
1972 Li·.09 3.44 1972 2.43 2.08
1975 5.29 3.60 1975 2.84 1.54
1977 8.63 4.78 1977 3.79 1.52

Given are average pr
values converted to nominal dollars using exchange rates of March 1980.
These have fluctuated widely during 1979 and 1980. Prices for
heating gas are considerably lower than these averages before 1972,
particularly in W Germany and UK~ but the prices in the late 1970#s
begin to reflect the preponderance of heating gas in these averages.
All price data are from the OEeD.



FIGURE CAPTIONS

Fig.l. Annual Fuel input for space heat for European and Ameri
can homes. Shown are lines representing existing US
stock.calculated fuel use for homes built to medium and 10 in
filtration BEPS using DOE-2 simulation model. and points for
l)French [FR 77] and Swedish [Sw 72] stock as they were for cen~

tral heat in those years. Other individual or groups of dwel~

lings are shown. From BECA.

Fig.2. Energy Conservation Supply Curve. Shown is estimated in~

vestment cost per unit of energy saved/yr plotted against yearly
savings for several options to reduce natural gas use in a
Northern California home originally uninsulated. Estimates by
Rosenfeld. economic calculations by Schipper in Schipper and
Darmstadter.

Fig.3 Energy Conservation Supply Curve. Shown is curve similar
to Fig. 2 calculated over entire gas-heated SFD stock in Cali
fornia by Ref. 10. Accompanying list gives all the options in~

eluded, Ref. 10 documents the calculations made for eaeh meas
ure.
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