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Notes on Terminology 

Energy units. In keeping with international practice, we use SI units in this report. 1 MJ = 
106 joules = 0.948 MBtu, 1 GJ = 109 joules = 0.948 MMBtu, 1 PJ = 10

15 
joules = 0.948 Trillion 

Btu (1000 P J = 0.948 quads). 

Final energy (delivered energy) refers to the energy consumed at the home. 

Primary energy includes losses in electricity generation and district heat proquction accounted 

for by the residential sector. For electricity, we multiply delivered electricity consumption by 

3.28 for all countries. This value is the average for the OECD countries for the 1970-82 period. 

For district heat, we multiply delivered consumption by 1.33 for all countries. 

Useful energy excludes the approximate combustion losses of fuels. It thus reflects changes 

independent of the increasing electricity share of the heating market. We approximate useful 

energy as 66% of delivered energy for gas and oil, and 55% of delivered energy for solids. 

Climate correction. All energy consumption data that include consumption for space heating 

have been adjusted to reflect the normal climate for each country. We correct by dividing actual 

space heating consumption by the ratio of actual degree-days base 180 C to the long term average 

(long term average degree-days values are presented in Appendix I). Due to lack of appropriate 

data, climate for Italy is assumed to be normal after 1978. Different indices were used for the 

U.S. to adjust oil and electricity consumption, reflecting the particular regions of the country 

where these fuels are most heavily used. 

Solids includes coal, coke, and wood. 

Oil includes LPG, except in Germany where it is included with gas. For the U.K., oil heated 

dwellings include homes with district heating, almost 70% of which is produced with oil in" that 

country. 

Central heating refers to a system which is able to heat the entire home, and in which the heat 

is usually distributed from a central furnace; We include in this category the dwellings heate"d by 

a system sized for a district, a complex, a building, or the dwelling itself. 

Single-family dwellings include row houses and townhouses. or 

Conversion to Common Currency. Current local currencies were converted to 1981 US dol

lars by deflating the currency by the appropriate Consumer Price Index (base 1981), and then 
• ! 

applying 1981 exchange rates publishedby theotnternational Monetary Fund. 
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1. Introduction 

This report describes trends in residential energy consumption for the six largest OECD 

countries: the United States, France, Germany, Italy, Japan, and the United Kingdom. The 

focus is on how and why the demand for the different fuels -- oil, gas, solids, and electricity -- has 

been changing, and where the trends are leading residential energy use. 

To address these points, we examine the structural changes that have occurred and are 

occurring in the residential sector of each country. The structural elements are the characteris

tics of the residential buildings and the energy-using equipment in them. Some of the structural 

changes have pushed upward on energy consumption, and others have pushed downward. Also 

important are behavioral changes -- the way people use the energy-using equipment. 

The body of the report has four chapters. Chapter 2 describes how overall energy demand 

and consumption of the different fuels has changed, and identifies the basic forces that have 

pushed upward and downward on energy demand. The changes in aggregate energy demand, of 

course, result from changes in the major end-uses. In Chapters 3 to 5 we look at changes in fuel 

choice and energy intensity for space heating, water heating and cooking, and electric appliances. 

In Appendix I we provide summary tables of the data and indicators presented in this report. 

Appendix II (in progress), contains scenarios of future energy demand for each country, based on 

the analysis contained in this report. 

2. The Evolution of Residential Energy DemanCl Since ID73 

Energy consumption by the residential sector in the six countries has undergone consider

able change since 1973. In the early 1970s, the structure of the residential sector was becoming 

more energy-intensive as the penetration of central heating and various electric appliances 

increased. This was less so for the U.S. than for the other countries, where there was less room 

for growth in penetration. After the 1973 oil price shock, natural gas and electricity displaced oil 

in the market of new heating systems, and consumer awareness limited the most wasteful use of 

energy in the homes. When energy prices experienced a second major increase in 1979 and 1980, 

demand was curbed by consumer's short term behavior as well as by conservation investments. 

Fuel switching was accelerated, mainly with gas and electricity substituting for oil. By this time 

also, the growth in the structural energy intensity of the residential sector was slowing. This was 

due in part to the higher level of penetration of central heating and appliances already reached in 

earlier years, and in part to slower growth in consumer income. By 1984, with real oil prices sta

bilizing, the stock of houses and the saturation of fuels in them was very different from the condi

tion of 1973. 



- 6 -

An important factor to bear in mind when comparing the U.S. experience to that of the 

other OECD countries is that the U.S. residential sector was more "advanced" in 1970. By this 

we mean that some of the structural changes that pushed upwards on energy demand in other 

OECD countries had already taken place in the U.S. in the 1960s. The most important of these 

was growth in penetration of central heating. Penetration of major home appliances was also 

relatively advanced in the U.S. by 1970. By 1984, the structure of the residential sector in the 

other countries was much closer to the U.S. than was the case in 1970, though there are still 

significant differences, most of which are related to size of homes and appliances. 

2.1. Energy Consumption Trends 

Despite the increase in the num~er of households -- which grew between 1% and 2% per 

year in the 1973-83 period, final energy consumption l has declined or grown moderately in all of 

the six countries except Japan, where average growth rate haS been higher than 3% per year. 

(See Figure 2-1.) 

Average final energy consumption per home declined the most in the U.S. and France. (See 

Figure 2-2.) Only in Japan did it increase. A factor pushing downward on final energy con

sumption has been the displacement of coal and wood by other fuels .and the increased penetra

tion 

Figure 2.1 
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of electricity in the home heating market· (discussed 

in Section 3). In both cases, a fuel that in actual 

practice has lower combustion losses at the building 

takes the place of one that has higher losses. The 

effect of electricity penetration is particularly evi

dent in France and, to a lesser extent, the U.S. The 

replacement of coal and wood by oil, gas, or electri

city was significant in Europe, but not in the U.S., 

where this already had occurred in the 19605. 

(Indeed, wood use as a secondary and even as a pri

mary heating fuel has grown substantially in the 

U.S. since 1973.) 

The increased penetration of electric heating 

and various electric appliances has led to more of an 

increase in primary energy consumption than was 

the case for final energy consumption because pri

mary energy consumption includes losses in electri

city production and transmission. (See Figure 2-

3.) The magnitude of residential primary energy 

consumption in 1973 and 1983 is shown in Chart 

2-1. 

Chart 2-1 
Residential Primary Energy Consumption 
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2.2. Different Growth for Different Fuels 

Energy consumption as described above represents an aggregate of the different fuels, the 

demand for which has changed considerably in the six countries. 
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Index of Residential 

011 Consumption 

. . , . . , . 

, . . ' . , .' 
. . , 

I . 

1974 1878 1878 1810 1982 1984 1888 

Figure 2.5 
Index of Residential 
Gas Consumption 

/ 
/ 

/ 
/' - • 
/~--A (p :~ 

/ :::-: 
k __ ,' 

Legend 

~-
GER~ANY 

'llil __ 

~~P_A~ _______ 

UNITED KINGD.Q~ 

UNITED STATES 

1874 1878 1978 1980 1882 1884 1988 

• 

• 

Oil consumption has declined in all of the six 

countries except Japan. (See Figure 2-4.) 

Most of the decline in oil consumption took 

place after the 1979/80 jump in oil prices. The 

largest decline relative to 1973 (46% between 

1973 and 1983) occurred in the U.S., where 

there was greatest potential for efficiency 

improvement. The U.K. also experienced a 

considerable decrease (40% in the same period) 

although the oil share of demand was never 

significant there, followed by France (36% 

through 1984), Italy (26% between 1972 and 

1984), and Germany (12% between 1973 and 

1983). In Japan, consumption grew by 37% 

through 1984. 

Gas consumption grew considerably in all of 

the six countries except the U.S., where 

demand in 1984 was 8% lower than in 1973. 

(See Figure 2-5.) In the period observed, gas 

demand more than tripled in Italy, grew two 

and a half times in Germany, doubled in 

France and the U.K., and increased by more 

than half in Japan. Gas use did not increase in 

the U.S. as it did in Japan and Europe because 

it was already firmly established in the U.S . 

residential sector in 1973. 

• 
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Electricity consumption has grown substan

tially in all of the six countries except the 

U.K., where it has been stagnant. (See Fig

ure 2-6.) The U.S. has seen the slowest 

growth, resulting in a 29% increase. The 

highest growth (9% per year) was in France, 

where demand doubled as a result of the agres

sive promotion of electric heating. Consump

tion increased by around 50% in Germany, 

Italy, and Japan, with an annual average 

growth between 4.5% and 6%. 

Coal and wood consumption declined rapidly 

in all the countries except the U.s., where 

wood became popular heating fuel. (See Fig- . 

ure 2-7.) In absolute terms, this trend was 

most significant in Germany, the U.K., and 

France where coal was an important fuel in 

1973. France however, experienced an upturn 

in wood use as secondary heating fuel. The 

sharp decline in Japan and Italy reveal the 

rapid disappearance of the use of solids from 

urban households . 

• District heating is present in France, Ger

many, and to a very small extent in Italy and 

the U.K., but its contribution did not change 

markedly in the period analyzed. 
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The result of the differential growth rates is that the contribution of the alternative fuels to 

total energy demand was changed. (See Figures 2-8-1 through 2-8-6.) 

The share of oil has declined considerably in all of the countries except Japan, where some 

decline occured after 1981. By 1984, oil still accounted for between 37% and 47% of final 

energy consumption in continental Europe and Japan, while its share was less than 16% in 

the U.S. and only around 6% in the U.K. 

The share of gas has increased considerably in Europe, and particularly in the U.K., but has 

remained at about the same level in Japan and the U.S. (where it continues to dominate the 

sector). 

The share of electricity has increased everywhere except in the U.K. By 1984, its contribu

tion was between 15% and 19% in Europe, while around 27% in both the U.S. and Japan. 

The share of coal and wood has declined in all countries except the U.S., where growth in use 

of wood has more than offset the decline in use of coal. The contribution of solid fuels 
remain significant in France and the U.K. (more than 15%), and to a lesser extent in Ger

many and the U.S. (7% and 10% respectively), while their role is only marginal in Italy and 

Japan. 

Rgure 2.8.1 
FRANCE 

Resldenllal Final Energy Consumpllon 
by Fuel Type (Climate Corrected) 
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FIgure 2.8.3 
ITALY 

Residential Anal Energy Consumption 
by Fuel Type (Climate Corrected) 
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2.3. An Overview of Factors Affecting Energy Demand 

By factors affecting energy demand we mean the structural and behavioral forces that have 

pushed upwards or downwards on energy demand. Here we simply highlight the forces that will 

be discussed more in the later sections. 

The main factors that have pushed upward on final energy consumption since 1973 have 

been: (1) Increase in the number of dwellings; (2) Growth in penetration of central heating;2 and 

(3) Growing penetration of electric appliances. 

Figure 2.9 
Index of Number of Occupied 

Growth in the number of homes has been a 

Dwellings somewhat more important factor in the U.S. than in 
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But in the U.S. there has been a more significant 

growth in the number of homes per capita (i.e. 

decrease in the number of persons per dwelling). 

Since a smaller household is likely to have many 

similar demands for energy services as a larger one, 

growth in the number of homes per capita pushes 

upward on energy demand even though use per 

home decreases. 
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The main factors that have pushed downward 

on energy demand since 1973 have been: (1) 

Improvements to thermal performance of existing 

homes; (2) Penetration of new homes with better 

thermal performance than the existing stock; (3) 

Substitution of energy-using devices with new ones 

with higher energy 'efficiency; (4) Lowering of winter 

indoor temperatures, and other maintenance activi

ties. 

The importance of the factors has varied among the countries. But in all cases, the factors 

that pushed upwards on energy demand became, less significant after 1978, as all countries 

reached high levels of comfort and an economic crisis was felt throughout the industrialized coun

tries. On the other hand, the factors pushing downward became more important in the wake of 

the 1979/80 oil price increase, leading to slower growth or even decline in final energy consump

tion. 

2 The increased pene~ra~ion of elec~rie hea~inr; haa pushed upward on primary enerllY demand, bu~ haa pushed downward on 
final enerllY demand. 

'. 
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Other factors have shaped the different growth rates for the fuels. These include: (1) Fuel 

choices for replacement equipment for heating, water heating, and cooking; (2) Fuel choices for 

equipment for heating, water heating, and cooking in new homes; (3) 9rowth in saturation of 

electric-specific uses; and (4) Differential change in intensity of use. 

In Chapters 3, 4, and 5, we describe these and other changes for each of the main end-uses. 

Before proceeding to this discussion, we describe the evolution of the economic factors that have 

shaped the changes in the residential sectors of the six countries, and illustrate the relative 

importance of the different end-uses. 

2.4. The Economic Context 

The changes in the structure of the residential sector and in behavior in the home are 

shaped by the economic setting in each country. The key economic factors affecting residential 

energy use are di8po8able income, which allows consumers to purchase energy and energy-using 

capital goods, and energy price8, which shape decisions related to manufacture and purchase of 

energy-using capital goods and to use of those goods. 

Figure 2.10 
Disposable Income per Capita 
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Legend 

Two features stand out when comparIng the 

U.S. experience to that of the other countries. 

First, disposable income per capita in the U.S. is 

much higher than in any of the other countries 

examined. Second, the average prices of gas, electri

city, and to a lesser extent, oil, have been (and still 

are) lower in the U.S than in the other countries. 

Disposable income 

Although disposable income per capita remains 

between 10 and 30% higher in the U.S. (with the 

exception of ltaly,3 where per capita income is 50% 

of the U.S. level), there was more growth relative to 

the 1970 level in the other countries than in the U.S. 

(See Figure 2-10.) 

o~--------------~~~~ 

For all six countries, the trend In Income per 

capita shows a marked stagnation In the period 

after 1979. This came at the same time as (and in 

part because of) the large increase in oil prices, and 

probably contributed to the "belt-tightening" of the 

period. 1972 1974 1978 1978 1980 1982 1984 

3 The growing impor~ance of ~he gt'ell etonom)', in I\aIy as well as in o~her European coun~ries, hampers 'he use of ~hi.s factor '0 explain ~he differences in energy use level among coun~ries. 
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Energy prices 

The period since 1970 has seen considerable increase in the delivered price of fuels used by 

households. This change has .affected each country differently, as the relative importance of each 

fuel varies among countries. In all cases though, the use of oil became much less favorable rela

tive to the alternatives. 

Figure 2.11 
Residential Oil Prices 
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, ...... 

10 

- The prIce of fuel oa"l to households in real terms 

increased approximately two-fold between 1970 and 

1980 in the six countries. (see Figure 2-11.) The 

decline in the real price of residential oil since 1982 has 

been greater in the U.S. and Japan than elsewhere. 
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- The real price of gas to households has risen modestly 

since 1974 in all six countries. (See Figure 2-12.) 
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- The real price of electra"city to households declined 

through 1973, and has been fairly stable or somewhat 

increased since in the U.S. and most of Europe. (See 

Figure 2-13.) In Italy and Japan there has been a 

more significant increase since 1979. Electricity prices 

in the U.S. have historically been much lower than in 

most of the other five countries (largely due to the 

lower dependence on oil for electricity generation). 
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These changes in prices have altered the competi

tiveness between fuels~ 4 By 1980, gas was cheaper than 

fuel oil in all countries except Japan; In Italy and Great 

Britain it reached that competitive edge which favored 

gas over oil in North America since the early seventies. 

(See Figure 2-14.) The increasing price of residential 

fuel oil also increased the competitiveness of electricity 

use for space heating purposes, although the recent 

drop in oil prices is reversing this trend.5 (See Figure 

2-15.) Electricity also gained somewhat with respect to 

natural gas, (See Figure 2-16.) particularly for new 

dwellings if the lower cost of installation is taken into 

account. Below, the analysis of the changing penetra

tion of fuels in new dwellings illustrates the significant 

impact of changing prices on the space heating stock. 

• The heavy line in Figures 2-14 k> 2-UI uidica&es ~be equivalence or prices when accoun~ing ror rurnace efficiency, assuming 
oil burned a~ 60% efficiency, gas a~ 70%, and elec~rici~y a~ 100%. 

6 Consumer prices or elec~rici~y ror space hea~ing purposes is somehow lower in several coun~ries, bu~ consis&en~ da~a ia no~ 
available a~ ihe s~age or ihe analysia. 

.... 
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Re~ldentlal Electricity Prices 

.Ir----------------------------------------------

~~'- ... -...... " .. )( , . , , , 

.. ~~~7'~=;. 
,,'~~~ 
~ ... , -" 

• 10 
CIIJ 

.. \ ..... /~ 
'-... /' ~ -• • -

t3 
0 a: 
Q. 

c! 
0 .... 
(/) 
w 
0 
cc 
Q. 

~ 
0 

~ 
0 w 
iil 

10 

I+-----r-----r-~----~--~----~----~ 
1172 1174 1178 1171 1110 1112 1114 1 .. 8 

10 

• 

• 

• 

2 

Figure 2.15 
Relative Fuel Prices: 
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Figure 2.14 
Relative Fuel Prlces: 

GAS to OIL 
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2.5. End Uses of Energy 

Energy is used in the residential sector for four main purposes: space heating, water heat

ing, cooking, and electric-specific appliances. The relative importance of these end-uses has 

changed somewhat since 1973. (See Figure 2-17.) 

• Space heating's share of residential final energy use declined somewhat since 1973, but it 

still accounts for 65 to 75% of energy use except in Japan, where its share has remained 

under 40% in the last fifteen years. Japan's low share is due to its much warmer climate 

and less energy-intensive heating habits. 

• Water heating has been steady in importance in all countries, with the U.K. and U.S. show

ing a larger share than the other countries. 

• The share of cooking has dropped slightly in all countries. This is partly due to fewer meals 

being consumed at home, and partly due to increase in the market penetration of electric 

cooking. 

• The share going to electric appliances has grown steadily in most of the countries. The level 

in the U.S. -- around 14% -- is higher than in Europe but less than in Japan, where the rela

tively low share of space heating inflates the shares of other end-uses. 

Figure 2.17 
Residential Energy Demand by End Use 
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3. Space Heating 

. Space heating has become less energy-intensive since 1973 in the U.S. and Europe. The 

change was greater in the U.S. due on one hand to the higher intensity existing in North Amer

ica in 1973, and on the other to the fact that the structural intensity of heating increased in 

Europe. In 1984, the structural characteristics of the housing stock and the energy intensity in 

the US were more similar to those in Europe than was the case in 1973. Japan had and still has 

a very different heating structure and intensity. 

The period since 1973 also saw considerable change in the fuel mix of space heating. The 

share of oil has declined in all countries, though it still accounts for over half of final energy 

consumption for space heating in Germany and Italy. The European countries, which were 

much more reliant upon oil in 1973 than the U.S., have experienced more substantial fuel substi-, 
tution. 

3.1. Overview 

Final energy consumption for space heating declined 10 the 1973-84 period in most coun

tries. (See Figure 3-1.)' Overall for the six countries, consumption decreased by 10%. The 

decline relative to 1973 was largest in the U.S., though there was also substantial decrease in 
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France.4 Most of the decline in consumption took 

place after 1977/78. This was even more prcr 

nounced in the European countries, where the 

growt4 due to increase in the comfort level (i.e. 

structural intensity of heating) was slowed but not 

stopped by the 1973 oil price shock. After contin

ued growth in the seventies, Germany and Italy 

were back to the overall level of consumption 

observed in 1972-73. Japan and the U.K.,. the 

countries with the lowest indoor comfort level in 

1973, had a general trend of increase in consump

tion. 
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Final space heating energy use per home 

decreased in all countries.s (See .Figure 3-2.) The 

decline was greatest in the U.S. and France (33% 

between 1973 and 1984); and more modest else

where (16% in Italy, 10% in Germany, 7% in the 

U.K.). In Japan, the considerable drop from 1973 

to 1980 (-23%) was partially reversed by 1984. 

g 30 

Normalized to exclude differences in climate, 

the level of demand in the U.S. is. almost 30% 

higher than in any European country. This is 

. partly due to the larger size of U.S. homes. The 

difference between the U.S. and Europe is less now 

than in 1973. A major reason for the larger percen

tage reduction in the U.S. is that there was more 

"fat" to trim in terms of both building efficiency 

and indoor temperature levels. 
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Energy consumption per home for heating in 

Japan is much lower than in Europe. This is 

mainly due to the frequent use of point heating 

instead of space heating in Japanese homes, result

ing in much lower average internal temperature 

(l4°C). 

Changing Fuel Mix. The large increases in oil prIces and developments with gas and 

electricity have led to major changes in the space heating fuel mix (See Figures 3-3-1 

through 3-3-6). Here we present an overview of changes between 1972-73 and 1984; the 

causes of these changes are discussed later. 

• In France, the contribution of gas doubled and that of electricity increased by a factor of 

. five, to 24% and 10% respectively, while the shares of oil and solids decreased correspond

ingly. 

• In Germany, the gas share grew from 9% to 27%. The use of solids and oil declined, but 

oil still accounted for 55% of consumption in 1983. 

• Italy was most dependent on oil of the six countries in 1973. Between 1972 and 1980, how

ever, the oil share declined from 85% to 64%. The share of gas increased strongly from 

8% to 33%. Prelimin~ry data for 1983 show a continuation of this trend. Electric heat 

was discouraged by the national utility and did not gain any market share. 

6 We have normalliled consump~ion Cor clima~ differences among coun~rie.t by dividing ~he values by ~he number oC average 
heating degree-days, base 180 C, Cor each coun~ry. In ~he Appendix we give ~he hea~ing degree-day normals Cor each coun~ry. 
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Agure 3.3.1 Agure 3.3.2 
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• In Japan, the oil share increased from 72% in 1973 to 87% in 1980, but declined thereafter 

to 79% in 1983. 

• In the u.K., gas rapidly became the dominant heating fuel, increasing from 26% in 1972 to 

64% in 1984. Solid fuels experienced the most significant drop, from 45% to 22%, while 

oil's share fell from 17% to 7%. Electricity lost almost half of its market share to gas in 

the first half of the 1970s, and its contribution continued to decline until 1982. 

• In the U.S., the oil share declined from 38% to 22%. Part of this loss was taken up by 

wood, and some by gas (The low efficiency of burning wood inflates its share of final energy 

consumption). Gas continued to dominate heating, though electricity doubled its share. 



- 20 -

FIgure 3.3.8 
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To summarize: 

• The share of oil in space heating energy use has declined in all countries, though it remains 

dominant in France, Germany, Italy and Japan. 

• The gas share has doubled in Germany, France, Italy, and the United Kingdom. It 

remained constant in the U.S. (where it already claimed more than 50% of space heating 

energy demand in 1973), as well as in Japan. 

• The share of solid fuels has dropped in all countries except the U.S., where there was 

growth in the use of wood. Solids continue to be important in France and the U.K. 

• Electricity has increased its share in France, Germany, and the United States. It declined 

in the U.K. and remained insignificant in Italy. 

• The share of district heating is significant only in France and Germany, where it remained 

relatively constant. 

Change in the mIX of fuels used for space heating explains part of the decline in final 

energy consumption per home. More use of electricity for space heating contributed to the 

downward trend, as electricity is transformed into heat at close to 100% efficiency, while gas, 

oil, and solids lose 30 to 50% of their energy content at the furnace. The shift from solids to 

oil, electricity, and gas had a similar effect as the losses for oil and gas-burning systems are 

smaller than for solid fuels. 
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3.2. Fuel Choices 

The changes in the fuel mix described above are in part the result of changes in fuel choice 

in existing and new homes. In all countries, other energy sources have been sought to replace or 

supplement oil-based space heating systems. In the early 1970s, the majority of the primary 

space heating systems in France, Germany, and Italy used oil. Coal heating was also still com

mon. By the mid-1980s, oil had been partially replaced by natural gas or electric-based systems, 

and coal had become relatively unimportant. 

This change has been a result of: (i) fuel switching in existing dwellings (replacement or 

conversion), and (ii) installation of non-oil systems in new dwellings. The degree of fuel s~itch

ing from 1973 through 1984 depended primarily on the individual country's reliance on oil and 

the availability of alternative fuels. In new homes, fuel prices and equipment cost contributed in 

determining consumers' and builders' fuel choices, although national and local policies in limit

ing or providing incentives for the use of particular energy sources played a role. The lower cost 

of installation favors electricity over other fuels in new dwellings; particularly when the decision 

is taken by a developer and not by the person paying the heating bill. When the decision is left 

to the household, comparison of systems' life-cycle cost will favor the fuel with lower running 

costs, in most cases natural gas. 

3.2.1. Evolution of the heating structure of the housing stock 

The share of oil-based systems has declined since 1973 in every country (See Figure 3-4-1 

through 3-4-4). The decline has been greatest in the U.S. and France. The use of coal, which 

was significant in the early 1970s in every country except the U.S., also was reduced consider

ably by the mid-1980s. 

• In France (see Figure 3-4-1), the share of 

oil-heated homes declined from 52% in 1973 to 

36% in 1985. Electricity experienced a sub-

100~~_100 stantial increase, primarily because electric 

heating in new homes was p.romoted by the 
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government. The share of homes with gas 
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heat grew from 15% to 26% in the same 
110 

period, in large part because of conversions 

from solids. The share of coal-heated homes 
40 

declined from 23% to 15%. 
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• In Germany (see Figure 3-4-2), the share of 

oil heat did not decline very much from the 

197,5.76 peak of 52%. This is partly because a 

10 

... 10 
Z 

high proportion of the oil heating sy~tems are 

of fairly recent vintage (mid-to-Iate 1960s), 

80 and partly because conversions from oil to gas 
W 
U 
cr 
w a.. 40 

were not promoted. Still, gas heating has 

40 grown since 1975 to claim 26% of homes, in 

20 

1173 1174 1175 1178 1177 1I7a '878 '810 '811 '882 

20 

large part due to conversion from coal to gas. 

The share of coal-heated dwellings fell from 

31% to 9% between 1972 and 1983. 

• In Italy, as in Germany; the share of oil-heated dwellings did not decline until 1980. Gas 

systems increased mainly at the expense of coal- and LPG-fired systems, while conversions 

from oil to gas occurred in larger numbers after 1979, as the gas distribution system was 

expanded. Electric heating has been strongly discouraged, though it is still used in the 

warmer regions where lower heating requirements often do not justify the cost of gas con

nection and furnace installation. 

• In Japan, space heating is provided by a combination of small systems. It is impossible to 

present one as the primary heating system, as a single home may rely on two or three 

different energy sources. Gas-fired room-heaters have diffused extensively in recent years, 

but over 90% of homes use at least one electric heating device, and kerosene is found in 

around 90 % of homes. 

Figure 3.4.3 
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In the U.K. (see Figure 3-4-3), only 6% of 

h?mes in 1972 relied on oil as a principal space 

heating fuel, and this share has declined 

slightly since then. Gas has grown. to be the 

dominant heating fuel at the expense of coal 

and electricity. The share of gas-heating grew 

from 42% to 68% of homes, while the share of 

coal diminished from 30% to 15%, and electri

city also declined from 21% to 13%. 
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• In the U.S. (see Figure 3-4-4), gas heat has 

dominated the market since the late 1960s, 

'00'11111111111 •• '00 ~i ~ 
and the percentage of homes with gas heating 

has remained fairly constant at around 56%. 

The share of o~l-heating has declined from 

32% to 20% of homes, while electric-heating 

grew from 11% to 19%. The share of homes 

using solids has increased, though many of the 

homes claiming wood as a primary heating 

fuel also retain oil-based systems. 
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3.2.2. Conversion and replacement 

The large increase in oil prices led to a move away from oil heating in existing homes in all 

countries. When normal turnover was necessary, oil furnaces were often not replaced with sys

tems using the same fuel. The incentive to shift away from oil also caused accelerated turnover 

of heating systems. 

The main fuel gaining ground in existing homes has been gas. Electricity has seen much 

less market gain here, mostly because gas allows the opportunity to make use of the home's old 

heat distribution system. In the U.s., switching from oil to gas affected around 2 million homes 

(about 15% of the oil-heated stock) in the 1979-81 period, and switching to wood affected 

another 1 million homes. In Europe, where there was much movement from non-central to cen

tral heat, gas has been the preferred choice when available. Table 3-1 presents a qualitative 

assessment of the degree to which other fuels displaced oil in existing homes. 

Table 3-1 Transition From Oil Heating in Existing Homes 

To Gas To Electricity To Wood 

Country 

France S W W 

Germany M W W 

Japan M M 0 

Italy S 0 0 

United Kingdom S 0 ? 

United States S W S 

S = Strong M = Moderate W = Weak 0 = None 
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3.2.3. Fuel choice in new dwellings 

The percentage of homes in 1983 that were built after 1973 ranged from around 20% in 

the U.S., France, and Germany to only 12% in the U.K. (Data for Italy are not available, and 

data for Japan are not applicable since new homes do not. have a single main heating system.) 

The installation of oil heating systems in new dwellings has declined substantially since 

1973, and natural gas and electric systems have become the predominant choice. (See Figure 

3-5.) 
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• In France, the share of oil systems in new dwellings dropped abruptly from around 60% in 

1974 to around 20% by 1978, and has fallen to zero by 1985. Electric systems were 

strongly promoted in accord with the government's nuclear energy program, and their 

share grew rapidly from only 4% of new homes in 1973 to 44% in 1982. The share of gas in 

new dwellings increased from 23% to 33%. District heating, which accounted for almost 

10% of new installations up to 1979, has faded from the picture. 

• In Germany, the installation of oil in new dwellings decreased considerably (from 58% to 

31 %), although it remained at the highest level among the six countries. Gas became the 

dominant choice, reaching 55% of new installations, while the share of electric systems 

remained constant at only about 6%. 

• In the U.K., the already large share of new dwellings using gas in 1973 became. greater, 

increasing from 52% to 77% between 1973 and 1984. The share of oil systems declined 

abruptly in 1979 to around 5%. The share of electric systems dropped from 22% in 1975 to 

6% in 1980, but increased thereafter in part because of more home building away from the 

gas network. 

• In the U.S., electricity was the most popular fuel in new homes already in 1973, and it 

increased its share slightly to nearly 60% by 1984. This was. partly due to increase in the 

share of multi-family hOl,lsing, which is more often heated by electricity. The share of gas 

remained in the 38-40% range, while oil practically disappeared from the market after 

1979. The greater popularity of electricity in the U.S. compared to the other countries is 

partly due to the fact that a high percentage of new homes have been built in warm cli

mates where electric h~ating is attractive. 

3.2.4. Useof secondary heating fuels 

The use of secondary heating fuels, mainly wood and electricity, has been significant in 

sOl1le countries. Around 20% of total electricity used for heating goes for secondary heating in 

GElrmany, and close to 12% in France. Secondary heating accounts for an even higher percen

tage of solids consumption: around 40% in France and the U.S. 

Increase in use of secondary heating has contributed to the decline in intensity of the pri

Plary h~ating fuels .. Use of wood in particular has contributed to the decline in oil intensity in 

the U.S. and in France. Around 18% of oil-heated single-family homes in the U.S. used a wood 

stove for secondary heating in 1982. For the average home, the wood stove reduced u:;;e of oil 

for heating by an estimated 45%. 



3.3. Change in Space Heating Energy Use per Home 

As Figure 3-2 showed, final energy consumption per home ,for space heating has declined in 

continental Europe and the U.S., but has been relatively stable in Japan and th'e'U.K.· Changes 

in average heating intensity are the result of changes iIi characteristics of the dwelling stock, 

heating equipment, and occupant behavior. In Europe, rising penetration of central heating sys

tems and increase in the size of dwellings have pushed consumption upward. (We discuss these 

factors further below.) These factors have been less important in the U.S., where much of this 

structural "maturation "occurred in the 1960s., 

Change in other factors have acted to reduce average heating consumption. These include 

improved thermal efficiency of buildings, improved efficiency of heating equipment, and lower 

indoor temperatures. 

3.3.1. Factors affecting heating intensity 

Dwelling Type. Single-family dwellings (SFD) use more energy per square meter for space 

heating than multi-family dwellings (MFD), since they have more outside surface area exposed to 

the elements and they also have more space to heat. Thus, a growing share of SFDs will act to 

increase space heating energy intensity. Among the six countries, there has been little overall 

increase in the share of SFDs in Europe, while in the U.S. the SFD share has declined slightly. 

(See Figure 3-6.) 

Average Dwelling Size. Since 1973, the size of both SFD and MFD have increased in all 

countries, pushing upward the energy requirements for space heating. This change was more sub

stantial in Europe than in the U.S. The much larger size of U.S. homes is one reason why heat

ing intensity is higher in the U,S. (See Table 3-2). 

Table 3-2 Average Dw~lling Size in 1982/84 (m2) 

Country SFD MFD ALL' 

France 90 .. 80 

Germany. 98, 
" 

,70 84 

Italy .. 100, .. 78 

Japan .. .. 84 

United Kingdom .. .. 85 

United States 164 86 140 

Notes: All data refer to net floor area, 
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Figure 3.6 
Share of Single Family Dwellings 
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Figure 3.7 
Share of Heated Dwellings 

with Central Heating 
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Heating SY8~~ Type. The growing penetration of centra} heating6 increased space 

heating energy demand considerably in Europe, and also had an effect in the U.S. (See Figure 

3-7.) DWElllings with central heating systems use more energy than those with non-central sys

tems since the entire living area is usually heated. The U.S. still has a higher share of central 

heating, but the European countries are now approaching the U.S. level. The greatest chapge 

was in the U.K., where the share of central heating increased from 43% in 1974 to around 65% 

in 1983. In France and Germany, the share of central heating increased from 50-55% to around 

70% betwElen 1973 and the early 1980;:;. In Italy, the saturation of central heating varies greatly 

between region!;, going from less than 30% in warmer South to more than 80% in the North of 

the country. In Japan, central heating is present in only 5% of the homes, all located in the 

coldest Northern cities. 

o By cen~ra1 'he~ting, we me~ ~ hea~illg IYs~em c~pable of hel!oting the entire dwelling. In moet cues, heat is <iiltributed 
from a centra.l furD&~~. ' , 
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Figure 3.B.1 
Share of 011 Heated Dwellings 

with Central Heating 
100 "T"'""---------------, 

10 

10 

<0 

10 

o~-------------------____ ~ 
1972 1974 1976 1978 1980 1982 1984 1986 

Figure 3.B.2 
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The penetration of central heating varies 

among fuels. In 1973, cen tral heating saturation 

was higher in oil-heated dweJlings than in dwellings 

using other heating fuels. (See Figures 3-8-1 

through 3-8-3). By 1984, the central heating 

saturation in oil-heated homes was around 80% in 

France, Germany, the U.K., and the U.S. Penetra

tion of central heating in gas-heated dwellings 

increased su bstan tially in Europe, especially in the 

U.K. For electric-heated homes, the penetration of 

central heating increased almost 10-foid in France 

between 1973 and 1984, but non-central systems 

remained dominant in Germany. 

Figure 3.B.3 
Share of Electrically Heated Dwellings 

with Central Heating 
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Figure 3-9 illustrates the increase in the "structural intensity" of heating that has 

occurred in France, Germany, and the U.S., and shows the differences in structure among the 

fuels. For gas and oil, the share of central heating and the share of SFD grew in France and 

Germany. For electricity, the share of centrally-heated SFD grew substantially in France. 

Some fuels are more popular with SFDs than MFDs. Oil and solids tend to be more com

mon in SFDs, while gas and electricity are more frequently found in apartments. France is an 

exception: electricity has been strongly promoted as a substitute for oil in SFDs that are not 

reached by the gas network. AB a result, the electric-heating dwelling stock in France became 

more heavily composed of SFDs. 
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Building and Equipment Efficiency. Higher energy costs motivated the retrofi tting of 

old homes and the construction of new homes with higher thermal in tegrity. 

Efficiency improvements in existing homes have probably been greatest in the U.S., but the 

level of retrofit activity in Europe has also been significant. In Japan, the level of retrofit 

activity appears to have been relatively low, even though most of the stock had virtually no 

insulation before 1973. 

One reason why there was more retrofit activity in the u.s. is that retrofitting did not 

have to compete with structural upgrading in households' home improvement budgets. Preoc

cupation with bringing homes up to a minimum heating standard in the U.K. ; might explain 

why priority was placed on investments in central heating instead of increasing insulation and 

double glazing. Because indoor temperatures in Britain are lower than in the other European 

coun tries, retrofi tting acted to enhance comfort levels more than to reduce energy use. 

Indoor Temperature. In response to higher energy costs, people reduced their indoor 

temperatures, thereby decreasing their space heating requirements. In the U.S., the percentage 

of homes kept at 21 0 C (700 F) or higher during the day fell from around 85% in 1973 to around 

46% in 1982. We do not have quantitative estimates of change for the other countries, but it 

has probably been less than in the U.S., largely because temperatures in Europe and Japan were 

already lower in 1973. This was especially the case in the U.K. and in Japan, where average 

temperatures were (and still are) quite low (around 160 C in the U.K. and around 140 C in 

Japan). 

3.3.2. Heating intensity by fuel 

Changes in average consumption varied among fuels, as structural changes and conserva

tion activities had a different combined effect on the use for each fuel. Figures 3-10 to 3-14 

show the evolution of spac~ heating intensity for the countries studied, given available data. 

Intensity for the fuels is not shown for Japan, where most homes use two or more fuels for heat

mg. 

• Oil intensity decreased in all countries. (See Figure 3-10.) The U.S. had the largest 

absolute decrease in oil intensity, but the intensity there was much higher than in the 

other countries in 1973 (mainly because the oil-heated stock includes many more single

family dwellings). Use of wood as a secondary heat source also contributed strongly to the 

reduction in oil intensity in the U.S. The decrease in France and Germany was only 

slightly smaller in percen tage terms. 

The effect of energy conservation activities is obscured by the structural changes (particU

lar increases in central heating saturation). If we isolate the stock of centrally-heated 

single-family dwellings (See Figure 3-11), the decline was somewhat larger than for all 

homes. 
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Figure 3.10 Figure 3.11 

Space Heating Energy Intensity: OIL Space Heating Energy Intensity 
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• Gas intensity over the total stock of gas-heated homes shows continuous decline only In 

the U.S. (See Figure 3-12.) In part this reflects the leakier state of U.S. homes in 1973. 

Gas intensity has remained relatively constant in the other countries, because the stock of 

gas-heated homes shifted there from being largely non-centrally-heated (room heaters) to 

mostly 'central heating. (See Figure 3-8-2). Looking only at centrally-heated SFDs, we see 

(for France) substantial decline in intensity. (See Figure 3-13.) 

Figure 3.12 Figure 3.13 
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• 
Figure 3.14 

Space Heating Energy Intensity: ELECTRICITY 

Electricity intensity declined somewhat in all 

countries except France. (See Figure 3-14.) 

The increase in France is due largely to the 

promotion of electric central heating. How

ever, there was decline in intensity of almost 

30% among centrally-heated SFDs. Intensity 

in Italy is low compared to the other countries 

because use of electricity for heating is limited 
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A key feature for oil, gas, and electricity space 

heating intensities is that the difference between 

the U.s. and Europe is much less today than it was 

in 1973. This is not just a result of conservation in 

the U.s. The U.S. did "catch up" somewhat in 

terms of building efficiency. But it is also the case 

that the European countries moved toward the U.S. 

level of central heating and thereby increased the 

structural energy intensity of the residential sector. 

3.4. Determinants of Space Heating Fuel Demand: Summary 

Table 3-3 summarizes the factors discussed in this chapter and indicates the strength of 

their upward or downward effect on demand for oil, gas, and electricity for space heating. In 

general, structural factors have pushed upward on energy demand, while changes in efficiency 

and behavior have pushed downward. It is interesting to note that the effect of some factors is 

equally distributed among the fuels, while ,central heating is particularly important for gas and, 

in the case of France, for electricity. 
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This table leads us to the scenarios that will be developed in Appendix II. It is evident 

from this table and from the previous analysis that forecasts of future demand will have to 

respect the relative importance of these determinants as well as the peculiarities of each of the 

countries. 

Table 3-3. Determinants of Space Heating Fuel Demand 

Effect on 

Factor Oil Gas Electricity 

Conversions ---- +++ + 

New Dwellings 0 ++ +++ 
(G.+, F.+) 

Secondary Fuels --- - + 

SFD share + + + 

Central Htg. + +++ + 
(F.++++) 

Area + + + 

Intensity /Behavior ---- --- -
of which: 

-- Equip. Efficiency --- - 0 

- Shell Efficiency - - --

- Indoor Temperature --- -- -



- 34-

4. Water Heating and Cooking 

i 
Energy consumption per capita for water heating and cooking has not changed 

significantly since 1973, but there has been change in the types of equipment used as well as in 

household characteristics and habits. In some countries, there has been a modest reduction in 

final energy consumption per home for these uses. The mix of fuels used to meet water heating 

and cooking needs has also changed. Oil has mostly declined as a water heating fuel, while gas 

has risen somewhat in popularity. For cooking, there has been growth in the percentage of 

homes relying on electricity. Data on these end-uses is significantly more uncertain than 'for 

space heating, Information on enetgy intensity is particularly scarce since monitoring has been 

rare. In some cases it is difficult to isolate fuel demand for a particular end-use. For instance, 

hot water is likely to be produced by space heating furnaces as well as by washing machines, 

and small electric appliances are increasingly contributing to cooking energy demand, 

Figure 4.1 
Water Heating 

Figure 4.2 

Energy Consumption per Capita 
Water Heating Energy Consumption 

per Dwelling with Water Heating 
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4.1. Water Heating 

. . 
Final energy consumption per capita for water heating has not changed greatly since 1973, . 

except in Japan. (See Figure 4-1.) This was despite increase in the percentage of homes with 

water heating facilities, ·which was considerable in France and Italy. (See Table 4-1.) 

Table 4-1 Percentage of Homes with Water Heating Equipment 

1972/73 1983 

France 63 99 

Germany 84 100 

Italy 55 95 

Japan - 90 100 

United Kingdom 94 99 

United States 96 100 

Final energy consumption per home for water heating declined in the U.S. and the U.K., 

was more or less unchanged in France and Germany, and incr.eased by around 50% in Japan. 

(See Figure 4-2.) The evolution of average consumption was shaped by several str~ctural fac

tors: 

• Decline III the number of persons per home has pushed downward on use per home. 

Because much of a household's hot water goes for personal hygiene and washing dishes, 

there is a strong relationship between consumption and household size. 

• Change in the type of equipment used for water heating has occurred. In Europe (espe

cially France and Germany), there has been growth in the use of systems connected to the 

central space heating system and storage water heaters (displacing point-of-use heaters). 

In Japan, there has been increase in the number of storage water heaters. All of these 

push upward on consumption. 

• Improvements in the efficiency of sy~tems (including retrofit insulation of tanks) have con

tributed somewhat to lower energy consumption. 
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Water heating energy intensity is much higher in the U.S. than in Europe. Differences in 

water heating technology are a major reason. Most water hea~ing in Europe (and Japan) does 

not rely on a single system, as is the case in the U.S .. In. Europe, most homes have small tank 

, heaters and/or point-of-use heaters (although the shar,e of water heating.systems connected with 

the space heating system has been' increasing). In Japan, most water heating is with point-of

use heaters. Clothes-washing and dish-washing machines in Europe generally heat their own 

water, and their consumption is included with appliances. In, the case of Italy, part of water

heating needs are covered by hot water from pasta cooking, commonly used for soaking dishes. 

Climate considerations are also important in this country, where cold showers are common habit 

in the summer months. 

4.1.1. Fuel choice 

The market shares claimed by different fuels for water heating have changed through 

conversion of old systems and entry of new homes. (See Table 4-2.) In both the U.S. and 

Europe, many homes with central oil-based space-and-water heating systems have switched to 

electric systems so that the oil system can be turned off in the summer. 

Table 4-2 Main Fuel Used for Water Heating 

(percentage of homes with water heating equipment) 

Year Oil Gas 
. " 

Electricity Solids Dist.Rtg . 

France 1973 40 31 24 2 3 

1985 30 37 31 1 2 

Germany 1972 24 19 35 20 2 

1983 32 23 36 ,4 4. -
Italy 1978 . 16 16 55 14 .. 

Japan* 1973 82 <- 8 0 0 
1983 89 <- 11 0 0 

United Kingdom 1976 4 35 41 20 0 
1984 4 55 29 12 0 

United States 1978 13 55 32 <1 .. 
1982 11 57 32 .. .. 

* - Oil includes LPG and city gas. 
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• In France, oil declined in popularity, while gas and electricity both increased. 

• In Germany, the oil share increased as many homes connected their hot water supply to 

the main space heating system, although the trend began to reverse in 1982. 

• In Italy, electricity is the dominant water heating fuel, but gas is growing in popularity as 

the gas network expands. 

• In Japan, most homes have more than one water heating device. Electric storage heater~ 

have become more common, but LPG and gas water heaters still dominate. 

• In the U.K., the share of gas grew rapidly substituting for solids and electricity. In addi

tion to the change of fuels, many of the new water heating systems were connected to cen~ 

tral heating. This shift slightly pushed upward average use per home. 

• In the U.S., the dominant share of gas increased somewhat at the expense of oil, along 

with the conversion of oil-fired heating systems. 

4.2. Cooking 

We estimate that final energy use per home for cooking has declined or remained constant 

except in the U.K. and Italy. (See Figure 4-3.) The decline in the number of persons per dwel

ling pushes downward on cooking use per house

hold. The introduction of individual electric appli

Figure 4.3 
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Table 4-3 Main Fuel Used for Cooking 

(percentage of homes) 

Year Oila Gas Electricity Solids 

France 1973 44 29 23 3 

1985 34 30 34 2 

Germany 1972 0 30 63 7 

1983 0 17 76 7 

Italy 1978 50 29 16 nla 

Japan 1973 -> 90 3 2 

1981 -> 95 5 0 

United Kingdom 1976 4 35 41 20 

1984 4 55 29 12 

United States 1973 8 46 45 <1 

1982 6 40 54 0 

(a) includes LPG. 

,. 5. Electric Appliances9 

Average electricity consumption per home for electric appliances rose between 1973 and 

1983 in all of the countries except the U.S., where it remained more or less stable. (See Figure 

5-1.) The largest part of the increase occurred before 1979. Since then, growth in penetration 

of major appliances has slowed and efficiency improvement in new appliances has had a greater 

effect. 

The main reason for the different trend in the U.S. is that the penetration of electric appli

ances was at a more advanced stage in the U.S. in 1973. Despite the" catching up" of Europe 

and Japan, average consumption is still higher in the U.S. by a factor of three or more. This is 

more a function of intensity (average use per unit) than of market penetration. 

9 This end-use category includes" electric-specific" uses. That means uses that exclusively or almost exclusively use electrici
ty. This includes food refrigeration and freezing, c10theswashing and drying, dishwashing, lighting, TV and video equipment, 
and the numerous other small home appliances. Because of the intrinsic dependence on or great advantage of electricity, fuel 
choice is not an issue in this subsector. 



Figure 5.1 
Electric Appliance 

Energy Consumption per Dwelling 
25~-------------------------' 

20 

-------~~-----~ ~- ~ 
i 

ElIC~UD.' AlII CONDITIONING 

... -;t( 

.. -.-.... ~.----~ ~ 
~-- .. ' ~. . . . . 5 

o~~----------------------~ 
1972 1974 1976 1978 1980 1982 1984 1986 

- 39 -

5.1. Growth in Appliance Saturation 

Growth in the penetration of major applhl.nces 

was higher in Europe and Japan than in the U.S. 

between 1970 and 1983 due to the reason mentioned 

above. (See Table 5-1.) This pushed up electricity 

use significantly in those countries. Penetration of 

refrigerators was already high (85-100%) in 1972, 

but many of them did not have a freezer compart

ment. The penetration of refrigerators with a 

freezer compartment was strong in Europe in the 

19708. Growth in penetration of separate free~ers, 

which are major electricity users, has been co~sider

able everywhere except in Japan and the U.S. In 

the U.S., penetration of freezers was already ~igh in 

1973 (and refrigerators have large freezer cpm part

ments) . 

Legend 
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Table 5-1 Market Penetration of Major Electric Appliances (% of homes) 

Refrigeratora Freezer Clotheswasher Dryer Dishwasher 
1972/73 1983 1972/73 1983 1972/73 1983 1972/73 1983 1972/73 1983 

France 87 100 8 34 65 87 0 1 5 ~1 
Germany 89 100 25 52 71 86 2 10 6 23 
Italy 87 97 1 14 62 80 0 2 6 11 
Japan 100 100 0 0 96 98 -0 9 0 1 
United Kingdom 71 96 3 32 67 80 26 38 1 2 
United States 99 100 34 37 70 70 38 45 25 36 
(a) By 1983 some households had more than one reCrigerator in most countries. 
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Penetration of clotheswashers also increased everywhere except in Japan and the U.S. 

Clothesdryers have not penetrated very much outside the U.S. except in. the U.K. 

Growth in penetration of dishwashers was an important factor for France and Germany. 

This was also ~n area of growth in the U.S., though these appliances in Europe are higher electri

city users because they heat their water internally. There has been almost no penetration of 

dishwashers in Japan. 

The market penetration of smaller appliances -- color TV, VCRs, and smaller devices -- has 

also increased, though this has not had a large effect on consumption. 

Table 5-2 Estimated Annual Consumption of Major Electric Appliances (kWh) 
(Average over Entire Stock) 

Refrigerator a Freezer Clotheswasher! Dryer Dishwasher! 
1972/73 1983" 1972/73 1983 1972/73 1983 1972/73 1983 1972/73 1983 

F "b rance 425 540 740 720 300 300 - - 470 440 
Germany 375 480 680 580 350 280 450 290 760 400 
Italy 180 220 490c 470 450 41~ 540c 500 1000 1050 
Japan 700 600 - - - 37 - - - -
United Kingdom 300 300 975 780 20~ 20~ 300 300 500 500 
United Statese 1400 1290 1390 1220 90 85 1110 1080 250 250 

(a) The 1983 values include a higher proportion of units with freezer compartments. (b) First year is 1975. (c) 1980. (d) Washers do 

not heat water. (e) First year is 1977. 

Table 5-3 Reduction in Electricity Consumption of New Electric Appliances 

Refrigerator Freezer Washer Drrer Dishwasher Oven Cooling Years 
(% reduction) 

Germany 24 15 27 14 78-84 
Japan 60 - 32 73-84 
United States 42 37 23L20

a 72-84 

In Germany and the U.S., figures represent sales-weighted averages (expected annual consumption for different models of each kind of 

appliance, weighted by the actual appliances sold). 

(a) The values refer to central and room air-conditioners respectively. 
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5.2. Energy Vse ver Horne for Applianc~~ 

The a,verage intensity of appliances is detenmined by the efficiency, size, and featJlres of the 

appliances in use as wel~ a,$ ·by USl,l,ge patterns. Thqugh there are few measurements of average 

a,nnual consuwption of parti~ular appliances, estimates indicate decline in sQme are3.13 (See 

Table 5-2.) 
I 

T4e penet~atio!1 of larg~r a,nd frost~free refri~erators hfl,S pl.lshed upward on average con

sumption i1;1 all of the yountries. In Europe, the gr((ater size and use of auto~atic defrost has had 

more effect thall improved effidency. In the U.S" refrigeratPfs were already large in the early 

1970&, and the c<?llf'lide~aple efficiency improvement in new applian,ces brought average c~nsump

tion down. In Japan, average volume more than doupled, and the presence of freezer compart

ments became fIl9re. widespread, but this w~ outweighed by !,ubstantial improvement III 

efficienc;y, 

In some cases, there has been considerable dec~ine in average inteI).sity (e.g., dryers and 

dishwashers in Germany). This is because the stocl\ of a particular applia~ce grew from a very 

low base in the early 1970s, and a high proportion of the stocl\ existing in tp.e 1980s was 

m!j.nufa<;:tured in, the period whell electriclty dficiency W;LS improving. 

The main force pushing downward on intensity is the higher efficiency of new appliances. 

(See Table ~.,.~). Con!'idenl,ble improverpent has occurred for refrigerators and freezers, 

Though there a,re Qnly limited actual qat::)" all European manufa~turers report significant 

~mprovements in their appliallces since 1975. 
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6. Conclusions 
; . 

The historical peri~d coverechn thepr~vious chapt~rs w~'~arked by sub~tantial change in 

residential energy demand. The high rate of change was primarily due to the extreme increase in 

the price of oil and· to the structural 'evolution thal changed the kinds of energy-using equipment 

in homes. The latter was less important in the U.S. than elsewhere~ •. ' ' 

The increaSe in oil prices ca"used a movement 'aw~y'fro'm oil':using eq~ipment and r~duction 
in use for homes refaining s~ch equipment. In Europe, it also accelerated development of natural '. .' . 
gas distribution, which enabled the rapid penetrati6n 'of g~ in the res'idential sector. Incre~es in 

gas and electricity' prices and the gene'ral co'ncerii' with energy led to i~proveme'nts In the 

efficiency of use for these fuels as well. 

The structural evolution 6f energy~using 'equipment, particularly growth in use of central 

heating and certain rnajbr electric appliances, pushed upw~rd on energy demlirid.' This 'force'-\vas 

significant in the 1970s because income growth allowed the'~esidential se~tors'to mbve relatively 

quickly toward what we refer to' as "maturation." By this we mean a high level ~nndoor comfort 

and ease of equipment use and widespread ownership of major electric appliances . 
. ... , .. 
'. ' 

; .. ". 

, 
" . . l.· 

'-
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41.1 
41.9 
42~::: 

40.5 

72.r:, 
69.7 
f.i8.3 
fi5.@ 

19.7 
20.4 

19.0 

19.9 
23a9 

22.6 

11.9 
13.1 

1) .-, 
.J ~.) 

:3.9 

1'30=: 
20.4 
20.H 
20.0 

38.6 
.)~ 7 
<.J.). f 

::4.3 
32.~, 

- ~ --~ --- .. - - - - - - - -~- ---- - -- - -;'" - - _ .. - - - - - - - -- - - - - -,- - -- - - - -:- - - - - - - - - - - -- - - - -:- - ... - - - ';' - - ":' - - - - - - - - _ .. - - - - - --- - .,.- --

NOTES: (1) All en",rgy ';')I1SI~,tion i~ c·orr.;:cted for yearly climate variah')ns. 
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TABLE A-2 FINAL ENERGY DEMAND FUEL ~;HA~'ES (1) 
- - ------------ - --- -- --------- ----.:. ------- - ~ -----:.: ---' ~ --- --- ---'---'::::"-- ----- -- -.,.- - -- --- - --- ---
COUNTRY; FUEL ~:;HARE~; 

YEAR Ole GAS SOlI[6 ELECTRIGITY DISTRICT HTG 
<, " " " 0, 
J;" .. " " " 

FRANCE 
197:: 5f.i.O 11.2 24.7 ti.l3 

, " 1.·) 

197t: 49.5 16.7 1Q.8 1U, 2.4 
l'jBO 45.7 19,ti 1:::.0 14.3 ,", k 

i. •. J 

N::4 38.0 23~::: 17.1 19.0 .) I:' 
.:.. ~.J 

GERH11NY (2) 

1972 57.5 10.1 1:::.3 11.0 :::.0 
1978 57.5 17.5 7.7 14.0 :3.2 
1980 ~,u 21.::: H~7 15.5 '"I,M, 

.:t.e:: 

198~: 46.9 2:,.0 7.4 17.1 3,fj 

ITALil 
1972 71.7 11.2 7.6 9.5 0.0 
1q78 W., .-. 

.1( •••. , 22.0 4.0 11.7 0.0 
19HO ~A.O 2~~.3 '-, .-, 

~'G') 1:3.3 0.2 
1984 47.0 ::3E,.O U 14.5 0.:: 

.JAPAN 
1,-,"7'-, 

':j{ .) 47.3 22.::: "7 " ( ,.J 2;?4 0.0 
1978 48.5 22.7 '"I .-. 26.~: 0.0 L.·) 

t380 47.0 Z::.!~ 1.13 27.(; 0.0 
19:::4 4:,.2 24.9 1.2 28.:3 0.0 

UNITED KINGDOM 
1972 10.::: 31.2 "'., 7 

.)( .f 20.3 0.0 
1~~7B 9.3 47':: 24.4 19.0 0.0 
1980 6.9 ~"'I I: 

.J.),,:) 21.0 lB.7 0.0 
1984 tiJ 59.4 "J:;: -'"I 

1 . ..1 •• ) 1B.9 0.0 

L~mED ~:;TATES 

197:: 'Xl .) 
L.,I}.,.' 48J; 4.6 18g5 0.0 

1~~78 ~~4.2 47.1 ti.4 22.4 0.0 
19!:~) 13.7 47H9 9.0 24.4 0.0 
1~~g3 17.2 46.2 10.3 2(i.2 0.0 

NOTE~;: (1) ~;har'e-3 m.3Y not sum to 10(O~ due to rO'Jnding. 
(2) Unlike other wJntries LPG is included iifith natuf<il gas use. 



t ... ' 

TABLE A-::: FINAL ENERGY DEHA~D EN[HJ:;E :3HARES 

Cll~HRV/ 

YEAR 

FRANCE 
m:: 
1978 

GERMANY 
1972 

!TALV 
1'l12 

1[984 

,JAPAN 
1'373 
1978 
19:::0 
19B4 

UNITED KINGDOM 
1972 (1) 

19lt: 
1980 
19:::4 

UNITED ::;TAm 
19n 

1980 
1983 

Et1[HJ'I SHARES 
:3PAGE HEATING HATER HEATING 

74.6 

77.9 

.:::0.6 
74.6 
73.2 
7Ui 

"r(1 r.: 
.)0.·.1 

32.1 
27.1 
28.4 

65.4 
6r:,.1 

64.4 
63.4 
til. 0 

1.0.0 
10.ti 
10.8 
11.0 

9.2 
11.2 
12.3 
12.0 

7.4 
9.8 

10.3 
10.4 

30.0 
3ti.3 

:38.7 

26.::: 
lEd 
lEi.8 

14.4 
16.1 

lti.1 
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COOKING APPLIANCES 

2.5 

7 '~r 

( . .) 

7 i' 
( .. ) 
., .-. 
( .. ) 

11.8 
1O.t; 

.. ) 

'HI 

6.0 

:3.6 
:::.7 

r. ir 
·),,0 

7.0 
,1 i' 
O.·J 

4.0 
:,.4 
6.4 
7.4 

f ,', 
J ~ (.. 

(, '-, 
0.·) 

9.0 
10.8 

16.0 
18.9 

11.1 
r. r. 
0.0 

9.1 
10.3 

1,-, (, 
i...() 

15,(i 

lB.3 

Notes: (1) The share of ener-gy IJsed for- coc,j.;in9 is combined IP,/appli,'lnce IJse. 
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TABLE A-4 SPACE HEATING ENERGY DEHANJ) 

COIJNTF.:V/ SPACE HEATING FI HAL EN£~1~V FUEL SHARES 
YEAR ENERGY, PER HH, OIL GAS SOLID~:; ELECTRICITY DB 

PJ G.) G, ., 0, 0, ~! r. I. " it· '. 

FRANCE 
1913 12fi6 73.1 f,7.3 9.f, 29.8 2.0 " '-1 1.·:1 

1!~78 124:: fS.fi ~,2.::: 15.E; 24.9 4.6 2 .~:! 
19:::0 114{1 E.g.E, 48° .u 19.1 23.1 U 2.7 
19'(:4 1094 53.7 41.0 23.!3 22.5 9.7 2.~j 

GEJ\'HANY 
1972 14:=::3 70.5 65.9 9.1 1B.el 3.1 3.4 
1978 lfill 72.0 66.1 18.4 7.4 4.fi 3.4 
19:::0 154f, fit .::: 59.2 23.0 9.4 4.9 :::.5 
19::;::: 14% ti3.~, ff,.2 cti.8 8.~1 5.4 4.0 

ITALY 
1972 7Ei3 4fU 84.q 8,,3 6.2 0.7 0.0 
1978 791 47.1 74.0 .y~ != 

,-,- •. J 3.0 0.4 0.1 
19m .,~~ 

( . .1.) 43.4 6:3 .. 7 ,",'-, . .., 
.j.) ... ) 2.4 0.4 0.2 

19:::4 764 4Ui 

JAPAN 
197::: :::79 11.9 72.3 8.4 14.3 ':",.0 0.0 
1978 39:3 11.3 B4.4 ~ 0 

.).:) 5.1 E,.O 0.0 
19f~J 326 9.1 86.8 5.8 4.0 '-, A 0.0 .)."t 

EiE'4 4{12 10.6 eJ),2 10.6 3.0 ti.:: 0.0 

UNITED KINGDOM 
1972 'j81 f4.7 lfi.7 26.1 45.1 12.1 o.n 
1.973 10f(' :4.1 11.1 £rfJ.~! 31.8 til ~~ 0.0 
1980 1086 :4.2 :::.3 ~,7.9 27.2 6.6 0.0 
1'{:4 1041 :,0.4 7.2 t4.4 22.4 6.0 0 .. 0 

UNITED ~:;TATE'3 

197:3 7:::24 112.8 38.1 52.5 ti.E; 2.7 0.0 
197t: 6999 90.7 33.6 ~,3.1 9.9 .-, --, 0.0 .) .. ) 
19:::0 ti735 83.4 ,*,~ (I ,-.J •. j 55. fl' 14.2 " '*1 't •. ) 0.0 
1983 fi2% 75.0 22.'3 ff,.O 17.0 ~d 0.0 

--- ~ - --- -------------- ---- ------.------- ---- ---------- - - -----, --.... - ---.- _ .... --- -- --_ .. ----- --- ------------ - ------ ---.- -- - --
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Trflf A-~, SPAll !£ATIlt STl\ttTll\£ 
--------------_ ... -- .. -------_ .... _----_ .. _----_ ............ _--_ ...... -.... ---- ...... -.. _---- .... _-_ .... _- .. ---------------- ... -.. -- ...... -.. _--- .. ----------- ... --------------------------
fXlJHRV/ \£ATED PRIIW/V SP((£ \£ATIlt FIE. SYSTEM ~S snlll HiHLV IDITh'ti ~; 

'!£AR MIlIttS OIL GAS g:tIOS ELECTRICITY t»l OOl..Itff; I£ATH~ PER 
(1([3) % % % % % % % MllING 

........... --- --------- -- .... _ ... ---- ---_ .. --......... ----_ ... -_ ........ _--- ... __ .... _ .. --- .. ----- ... -----------_ ... ---------_ ... --_ ... ---_ ... ----...... --_ .. -----------..... -- ----_ .. _ .... -_ .................. 
FRAIfI 

1973 16119 52.1 14.6 22.7 S.5 2.0 46.5 55.4 3.0 
1978 18519 48.0 lB.l 19.3 11.9 2.7 51.2 61.7 2.9 
1980 1m 45.1 20.8 17.7 14.0 2.5 52.3 64.8 2.8 
1~ 20378 33.4 25.3 14.8 19.0 2.5 55.1 69.1 2.7 

IIRIWI'r' 
197'2 21027 48.4 10.7 31.0 .4.5 5.4 47.~j 49.0 2.9 
1978 226l) 51.9 19.~, 12.7 8.2 7.7 48.6 65.4 2.7 
100:.1 ~ 50.3 22.1 11.1 8.7 7.8 49.0 67.7 2.7 
1!m 23526 48.5 25.S 8.9 9.1 7.8 49.4 70.8 2.6 

ITALV 
197'2 14710 17.7 6.1 22.0 41.0 3.5 
1978 16464 53.6 19.1 18.5 8.8 (1) 27.0 57.0 3.3 
1900 17362 53.2 27.9 11.7 7.2 (1) 29.0 58.4 3 'I 

.~ 

1~ 1m , .. 27.0 61.0 3.1 

.Yf'AN (2) 
1973 65.0 2.0 3.4 
1978 65.0 4.0 3.3 
1900 65.0 4.0 3.3 
1984 65.0 7.0 3.2 

ltUTED Kltlml (3) 
1973 18154 6.2 42.2 l:J.3 21.2 0.0 81.4 42.6 3.1 
1978 1£fJ89 6.2 56.3 21.1 16.4 0.0 82.7 51.8 2 r. .0 

1900 20042 5.3 62.0 1£.9 15.3 0.0 83.4 58.2 0') " ,.0 
1~ 2(ffiJ 4.7 &3.4 14.6 12.4 0.0 113.9 f(,.l 2.7 

~ITED STATES 
1973 68744 31.5 56.0 2.0 W.5 0.0 68.6 83.0 3.0 
1978 76440 26.4 55.6 1.9 16.0 0.0 67.8 00.0 2.9 
100) lOJ35 24.0 56.0 2.2 17.9 0.0 68.6 87.0 2.8 
1!m am 20.2 55.7 2.7 18.7 0.0 68.1 00.0 2.8 

---------------- ... ------_ ....... _-_ .. _----_ ..... _ ... ----------..... ---------- .. ------------- ... -- ... -- ...... _----------------- .. -_ .......... __ .. --------_ .... _-- .. _--------------------

I(JITS: (1) There exists a s.all percenta:Je of t..es that have district heat;~ fuel systecs ... 
but tre data ;s lJlaVail~le ~ therefore rot calculated into tre total. 

(2) tklst t.:.es use o-e tim one systel ~ ne tim one fuel. 
(3) S;~le falily dllelli~ data fr~ 1975 ~ central heat;~ data fr~ 1974. 

'-" 
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TABLE A-6 SPACE HEATING INTENSITIES 

COUNTRY! HEATING HEATII~~ OIL GAS :;OLIOS ELECTRICITY 
YEAR DEGREE-DAY (00) PER DIolELL.(1) PER D~ELL., PER D~ELL. , PER [Ij.[lL. , PER OHELL., 

INOEX (18(:) PER [I[1,MJ PER OD,H.) PER [~l,H.] PER [J[J,H.) PER OCl,H.J 
. -- - -_ .... - - -- - - - - - - - - - - - - -- -_ .... -_ ... -- - - -- ... - -_ .. --- - - - - - - - - -- - - -- _ ... -- - - -- --- _ ..... _ ... - ... - - - - - - - .......... - .. -_ ........ -_ ........ 
FRANCE (245oo[l=10D) 

197::: 10'Un) 32.1 35.3 20.9 42.1 7.6 
1'J78 102.(0] 27.4 29.8 '),; "7 

,",').f 3~1 .. ::l 10.7 
1980 97.::0 24.4 26.4· 2'2.4 32.0 11.1 
19:::4 '~9.20 21.9 2:::.4 20.7- 3:3.4 11.2 

GERMAN" 0113DD:100) 
1972 104.20 'l2.7 30.9 l'U 13.5 15.:3 
1978 101.50 al 2'305 21.B 13.4 13.1 
l'lll) 102.9~, 21.6 25.4 '-,,", ~ 

i.,'; ••. ) lBJ 12.1 
1993 97.10 20.4 • ..,.-, ,'J 21.2 19.5 p') L·).t- ~.~ 

ITALY (21400D=100) 
1972 98.70 11.3 2Ji 
1978 100.m 22.~, 31.0 26.~, .) (I 

~.I) 0.9 
19:::0 (2) 100.00 20.~, 24.:3 24.2 4.1 1.1 
1984 (2) 1IXI.OO 19.4 

.JAPAN (3) (1'37:,[J(J=100) 
l'm 98.00 6.0 
1,978 99.((1 ~,.7 

19:30 101.00 4.6 
1984 lROO 5.4 

UNITED KINGDOM (23'24W=100) 
l'm %.10 
1973 98.96 1'l2 34.1 17.1 2:3.9 :::.0 
1980 100.42 19.2 29.~~ 17.9 :3Cl.':l 8.0 
1994 gf:~B2 17J: 27.tt 16.8 27 ~4 '8.7' 

UNITED STATE~; (2~,:35DD=100) 

1913 94.00 44.0 47.0 41.3 143.1 13.7 
1978 107.e":, 35.4 :39.7 '-I'~I ,", 

·).).0 
<lil'-, C' 
10,.:) H.q 

1'~i30 101.00 32.~1 31.0 ..... -} .) 
.)L.._I-. 21:1.3 g.~1 

1%4 '~7 .00 ')(' ') (....3.-.1 29.4 23.9 92.0 'Hi 

NOTE::;: (1) Per he.ated d(lie 11 i ng. 
(2) It is assumed th.,t 1980 and 1984 (I/ere normal year", i.e. 100=2140DO. 
(3) Energy consullIption has been corrected for lJariati(~lS in heati!~J se.,sons m1y. 
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TABLE A-7 HATER HEATING, COO~ING AND APf'LIAN(~ INTENSITIES 
• __ - - - ___ - _ ... - - - ... - "":- - - -:- ... -; - - - ---,---:-- - _ .. - .. 'i'" -- .. " ... -';''''''''''''''''' -_ ....... ----:-- ... -- .................. -- --- -- ............ - --- .................. -- ...... - ............ _ ...... - ......... -- ...... -- - ....................... --- --- ... 

COUNT~'V/ HtlTER H~ATING WATER HEATING I))OKI NG ttl , (:IX«\ ING IJSE APPLIANCE IYI APPLIANCE US 
YEAR PER DHELLINl;( 1) PER CAPITA, fER DWELLING, PER CAPITA, PER DHELLING, PER CAPITA, 

G.) G,) G,) G,l G.J G,) 

.............. -- ............ - ......... T ............ r - , ... -_ ... " ......... r" -- ...... --- -- -- -_ ... 'i"'''' -: ..................... i ............ -- r"""'''' 'i"'''' --- -- ............ -r"'''' -1 -: ........................ r"''''··'''''' ' ........................... '. -_ ... --- ... r--'" -- -- ...... -- --- .-- ... ... 

FRAtn 
1']73 
197::~ 

1%0 
1984 

GERMAN'/ 
1972 

19:::0 
1983 

ITALY 

1~~78 

1984 (2) 

.JAPAN 
197:: 
1!~?8 

19:::0 
19:34 

UNITE[I KINGDOM 
1972 

1'):30 
1984 

UNITED ':iTATES 0) 
1'373 
1978 

12.1 
10.8 
9.~, 

7.r:: 
10.3 
llUi 
9 .. 8 

7.6 

ti.4 

14.~, 

14.2 

14,3 

24.5 
23.1 
17.7 

3.0 

::.0 
2.8 

2.7 

'-, II 
·).0 

1.9 
1.9 
1.9 

2.7 

4.1 
Hi 

7.4 
4.9 
~,.O 

6.7 

7.7 
7.9 
-, , 
( .1 

Notes: (1) Per dille 11 i I1g eqlJi ped til; th .) 111,3ter he"ti ng 'hti ce. 
(2) 19:::3 wlter he,3ti rp] datp• 

0) 19:30 data IJmlva; 1 ab1 e. 

4.1 
4.4 
4 'J ., 
,4j (I 

.).0 

3.0 
2.Ei 
2.4 
2.1 

3.6 
Hi 
! 
4/, 
4 'J 
.~ 

4'::: 
4.0 
4.0 
4.0 

7.~, 

7.:3 
4.6 

6.0 
S.~ 
4/, 

1.4 
1.~, 

1.5 
1.4 

1.0 
0.$ 
0.9 
0.::1 

1.0 
1.4 
1..4 
1,4 

1 'J .'-

1 'J 

1 :) 
1 ,) 

.'-

2.0 
1.8 
'1,-, 
.l,(' 

:::.~[ 

4,9 
(: A 
.J.~ 

1= 1+1 

·..1.0 

3.4 

~"O 
~,.e! 

0.1 

'-1 () 

·).0 

~ '~J .).,. 
:!.::: 
6.4 

~J .. 2 
6.ti 
7.0 
U: 

20.9 
2L9 
22.~! 

p 
.~ 

' ~ 1.1 

1 .. 9 
'~I ."! 
t..a'-

1.:? 
1 r, 

.0 

2Jr 
,', .", 
c .. ) 

1.1 
'1.6 
1.6 
2.1 

U 
~~.O 

2.1 
2.~r 

2.6 
2.7 
2 .. 9 

fi.'l 
7.6 
8.1 
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