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(Upper Left) -~- One of several ozl—f&red plants producing both eZectrtczty
. . and district heat in Malmo (see Fig. 6).

(Lower Right) -~ A Sﬁoekholm distriet local train terminating at Mirsta
being passed by a longer-distance norvihbound train.
Pagsengers ean ride the distriet train to here on their
uniimited-ride monthly passes, then only have to buy an
additional ticket for the rest of their journeys' distance.

BACK -- A steam powered local from Soderhamn, having joined the
electrified main line, i here at Lemninge envoute to
Bollnds in the winter of 1948, Diesel locomotives have
since replaced steam on unelectrified lines.
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ABSTRACT

A detailed comparison is made between the per capita energy consumption
in the U.S. and Sweden. Sweden uses between 55% and 65% of the per capita
energy (depending on the way hydro-electricity is counted) at essentially the
same per capita income. It is shown that this difference arises both from
differences in the mix of economic activities and from the differences in the
energy consumption per unit output of these activities. The most important
contributions to the differences in energy use arise from higher efficiencies
in transportation, materials processing, and space heating in Sweden. Differ-
ences in the mode mix in transportation, particularly the reliance on the auto-
mobile in the U.S., also contribute significantly to the lower Swedish energy
use. The more severe Swedish climate substantially increases the need for
space heat relative to the U.S., obscuring dramatic differences in space heating
efficiencies. Energy costs have played an important role in creating a more
energy efficient economy in Sweden, aided by institutional and cultural factors.
The comparison suggests that more efficient energy use will not interfere with
and can in fact improve the functions of the United States economy over the
long run. :
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I. INTRODUCTION

Although it is often said that a direct relationship exists between per
capita energy use and standard of living, as measured by Gross National Product
(1,2), examination of the energy and GNP statistics for the most industrialized
countries indicates a large spread in the ratio of energy use per unit of GNP
{see Fig. 1). This article compares energy use in the United States, one of
the countries with high energy use per unit of GNP, with that in Sweden,a country which
in 1971 wused approximately 60% as much energy as the U.S. to generate each
doliar of GNP. Sweden was chosen not only because of its low energy to GNP
ratio, but also because the GNP per capita is essentially the same in both
countries, Moreover, much of the economic activity and many of the demographic
features are similar to those in the United States. Thus evaluating the differ-
ences in energy utilization between these two countries may illuminate strategies
for saving energy. |

Studies of energy conservation in the United States indicate that the more
important of these strategies, taken together, could reduce energy consumption
25 -40% (3-5), while lowering pollution (4), reducing capital requirements for
energy production (4}, and generally raising employment (4). But the inter-
relationships ameng economic inputs including energy within an economy are complex.
Thus examination of an economy that requires substantially less energy than our
own may provide guidance in understanding the total effect of energy conservation.

Interest in energy use and conservation has stimulated a number of inter-
national comparisons (6,7) as well as new evaluations of data from within single
countries (8,9). A preliminary study concerned with a number of countries shows
some of the differences'reported here without drawing conclusions (10}. A study
of the U.S5. and West Germany developed comparisons further, discussing method-
ologies, and obtaining conclusions concerning possibilities for energy conser-
vation in the U.S, in qualitative agreement with our Section V (11}. Two other
comparisons of U.S. and Swedish energy consumption differences have been under-
taken (6,7), and we are grateful to have been able to compare our data with !
theirs. Although there are many small discrepancies in data from different _
sources, in no cases are these discrepancies large enough to change our general
conclusions.

Except where popular use dictates American units (e.g., miles per gallonm,

deg-days Farenheit) we use kilowatt-hours as our standard unit; kWh means fuel




- or electricity used in end consumption; kh‘he refers to electricity only, while
' kWhtfrefers to total consumption of energy with electric conversion losses
“included at the rate of approximately 2 kWh lost per kWhe produced. All tons

are metric.

. I1.  GENERAL OBSERVATIONS REGARDING ENERGY USE AND INTERCOUNTRY COMPARISONS

iMany factors enter into the determination of the ratio of energy use to
GNP.%.Among these are energy costs relative to other costs, government policies
including taxes, subsidies and regulations, and demographic and cultural
variables. These factors combine to set a price for energy relative to other

goods| .and services. Changes in energy use can, in principle, be determined

_ from_&he_elasticity coefficients for the demand for energy with respect to a
 set oE independent variables,

~Although a set of independent variables is difficult to define, it is

:generally agreed that the price elasticity of demand is a meaningful econometric

- quantity. The elasticity of demand e is-usﬁally defined as the percent change

in deﬁand that occurs when the price changes by one percent, One must distin-

guish, however, between short Tun and long run elasticities. Over a short

' perioﬂ most responses to price are generally inmelastic, i.e., the percentage
_change in energy consumption is smaller than the percentage change in price,

~while on a longer time scale many goods tend to be price-elastic. For example,

if the cost of residential heating rises substantially, then in the short run
householders will turn down their thermostats slightly and be more careful with
ﬁentiiation, etc., to effect energy savings; but it is only over a long period
of time that better insulation and other major energy saving designs, manifested
primafily in new dwellings, will produce large energy savings. Econometrically
determined long term elasticities are generally found to be substantial. A
study'of the long term elasticity of electricity in the U.S., for example,

gave e = 1,2 for residential use, e=1.8 for industrial use, and e= 1.4 for

commercial use (12). Recent-studies for gasoline indicate the long term

elasticity may be as high as 0.75 (13).
The long run effects of energy prices can be seen qualitatively in Fig. 1.

- The "high" energy/GNP countries are those that historically have had cheap energy
_ (relative to other goods and services); the U.S., Canada, Great Britain, and

. Norway (depending on how one counts the contribution of hydropower) are examples.
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Fig. 1. The energy/GNP ratio for several countries over time, with hydro power

counted at 3 kWht/ 1 kWhe. From Linden (1},
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The countries with lower energy/GNP ratios are those that have been relatively
fuellpoor, especially since World War II. Although Sweden, for example, has

- had émple hydrdpower, the country has been increasingly dependent on imported
petréleum. Consequently electricity has been inexpensive relative to fuel, with
bothéprice and per capita consumption very similar to that in the U.S. Motor
fuelé, on the other hand, have been taxed hedvily in Sweden and consequently
per capita consumption of these refined petroleum products has been far below
the éonsumption in the U.5. Similar taxes have been 'the rule in other oil-poor
counﬁries. Although oil for home heating has been relatively inexpensive in
Sweden (comparable to U.S. oil prices) the large amounts demanded for long

" winter heating seasons acted in place of higher prices to stimulate conservation
efforts (14-18). |

E One factor often said to be of great importance in determining the energy/
' GNP relationship-is the relative industrialization or type of industry in a

' country. Certain products are particularly energy-intensive, including steel,
aluminum, cement, paper, and plastics., The effect of changing the output mix

is most noticeable in comparing Luxembourg, where the steel industry plays a
dominant role in the economic structure, with Switzerland, where banking,
insuiance, timepieces and other items of high value-added per kWh predominate,
Luxembourg has én energy/GNP ratio of (51 kWht/$) compared to Switzerland's
(10.3 kWht/$) (10). An earlier comparison of Great Britain and New Zealand
noted a factor of two between the energy/GNP ratios of these countries (5),
partjof which may be attributable to the degree of wealth based on agriculture
in New Zealand. However, this effect is usually small among industrialized
nations, as can be seen if the percentages of the GNP's of the countries in
Fig.ll in the:agricultural,'industrial, and service sectors are compared. The
agricultural sectors are between 3 - 5% of the total GNP for most of the countries
considered; if any correlation exists, it is between energy use and the services
sectbr, which will be explored further in the specific U.S. - Sweden comparison
below,

' “{ The effects of cultural and lifestyle differences on energy cbnsumption
are very difficult to quantify, but these effects are clearly very important.
Cultural patterns, although not wholly controlled by the marketplace, may be
tempéred over long periods of time by prices and fuel availability. Some of
the Eurrent intensive energy use patterns in the United States and Canada can
be traced to the availability of fuel wood during the 19th century {(19). In




1850, for example, with a per capita energy consumption of 30,8 x 10° kWht,
including wood, the U.S. used as much energy per capita as Switzerland does
today.

In comparing ratios of energy use to GNP, several methodological problems
arise. Comparing the size and content of the gross national product has received
considerable attention (20). In our study we give indications of the structure
of the economy in Sweden and in the United States, highlighting the differences -
and similarities. Accounting for differences in climate, geographic factors,
population distribution, etc., is also important; we have made comments on this
problem where applicable. The problem of counting the contributions of hydro-
electric power and of combined electricity/heat generation are thought to be
important in international comparisons, and are treated in the Appendix. We
find that no matter how one counts hydropower the difference in energy use
between Sweden and the U.S5. is large, especially since the largest contrasts
appear in transportation, space heating, and process heat applications. The
use of non-commercial sources of energy, usually considered only when discussing
less developed countries, are important to our work because the paper industry
in Sweden, which accounts for fully 13% of the total consumption of energy there,
actually generates 60% of its fuel internally from waste forest products. _
Together with other waste products, including urban wastes, these non-commercial
fuels account for 9% of Sweden's total fuel use in 1971 (21). Finally, a
troublesome statistical problem is inconsistency between different information
sources; for example, the fuel used by agricultural and construction equipment
could be counted in transpbrtation, or industry, depending on how figures are
kept. Similarly self-generated electricity, district heating, by-product fuels
(such as coke gas), non-commercial fuels, consumption of energy by energy
producers, and so forth must be carefully sorted out. In this paper we believe
we have resolved these various problems to the point that the remaining errors

are only a few percent.




Table 1. Basic economic and social indicators for the U.§.
and Sweden (1971).¢

U.S. Sweden
Physical Characteristics:
Population (million) 207 8.1
People/sq mi 57 47
%ﬁ;‘gi‘g;},‘;}?ﬁ;ga) ) 5,500 9,200
Ecopomic Activity:
GDP (current §/capita) 5,051 4,438
%’;ﬁ}fg}’cgg‘i‘i;‘)"?“"“ 96,000 52,450
Steel (kg/capita) 620 : 680
Cement (kg/capita) ' 342 430
Fertilizer (kg/capita) 105 67
Paper (kg/capita) 224 540
Food {per day): ;
kcalories/capita _ 3,300 2,850
- Protein (g/capita) 99 80
Cereals (g/capita) - 176 leg
Meat (g/capita) 310 142 i
Health, Education: : 'i
Doctors/1000 persons ' 1.5 _ 1.35 |
Dentists/1000 persons 0.49 0.72
Hospital beds/1000 births 7.8 . 15
Infant deaths/1000 births ' 19 11.1
Teachers/1000 students 34 60
Newspaper copies/1000 persons - 301 534
Books published/1000 persons 0.39 0.94
Conveniences: |
Telephones/capita 0.59 0.56
Television sets/capita 0.45 0.32
Autos/capita 0.45 0.3 B
Passenger-miles/capita (1970) 7,900 5,050
Refrigerators 100 93

(% saturation of houscholds)




(Table 1, continued)

Freezers (% saturation
of households)

Clothes washers
(% saturation of households}

Vacuum cleansrs (% saturation
of households)

u.s.

28

76

88

Sweden

46

41

89

“Sources: U.S. Data from USSA (24), Swedish data from SEB (22),
SR (23), and fact sheets distributed by the Swedish Institute.
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IIT.  SWEDEN AND THE UNITED STATES: PHYSICAL AND ECONOMIC.COMPARISONS

; We take the years 1970 - 1972 as our comparison period, because complete
data|are available and because energy prices and use trends were relatively
stable compared to the post embargo period. Where appropriate we used data
fromlother years. 1971 was a mild recession year for Sweden; total energy use
was slightly higher in 1970, from which our Swedish industry statistics were
taken. Unless otherwise noted we use the old exchange rate of 5,18 Swedish
Crowns (skr) per dollar. This rate was as low as 3.92 skxr/$ in 1973 and has
stabilized at 4.38 _skr/'$ in 1975 (22,23), |

_ In Table 1 we compare physical characteristics, economic acfivity, and
vari@us measures of well-being in the U.S., and Sweden. Although the ﬁopulations
diff?r by a factor of 25, the population densities are similar, as is the
distribution into fairly populated urban centers and sparsely populated rural
regions. Movement to the suburbs, fostered by the automobile, started earlier
and is more advanced in the U.S., although there are signs of such a trend in
Sweden (25,26). The natural distances over which goods must move is larger in
the U.S., although in Sweden much of the lumber, iron ore, and electric power
flow$ from the sparsely populated far north to the more crowded south. The
climhte in Sweden is more severe than in the U.S., in the sense that the number
of degree days (based on 68°F) is far larger; varying from 7700 ih the extreme
south to over 12,000 in Norrland (17). We have estimated that the average
numbér of degree days, weighted by population distribution, is close to 9200
in Sﬁeden, thus comparable to North Dakota, while the weighted U.S. average is
apprbximately 5500 degree days (27).

. Economic activity indicates that in 1971 the U.8. had a 10% higher GNP
per capita than Sweden (22-24) at the then current exchange rates (see Table 1).
The striking difference, however, is the fact that for each dollar of GNP Sweden
required only 60% (1971) as much energy as the United States. Subtracting the
'enefgy content of non-fuel imports and exports (see following) reducés the 1971
Swe@ish figure to 55%. Despite the lower energy use we note that the total per
capita production of basic industrial commodities is quite comparable in Sweden
and the United States.

| Basic well-being is difficult to compare quantitatively. As seen in
Table 1, food intake is similar, with Americans characteristically eating
conéiderably more meat (about twice the Swedish per capita consumption), which

per igram of protein is more energy-intensive than most other foods. In health
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and education, Sweden leads the U,S. in almost all categories, When the compre-
hensive health and social security system in Sweden is examined this difference
is even more striking.

The large number of autos and TV's in the United States is accounted for
mainly by multi-unit ownership by families. Transportétion convenience is, in
fact, quite comparable, because public transportation is more readilly available
in Sweden, while domestic distances are generally smaller. Sweden has also
developed a very popular charter air travel system that provides low cost
packaged tours to most of the popular tourist spots in southern Europe and
Africa. Swedes have far more second homes (500,000 in all) per capita than
Americans, and most of the population enjoys four weeks of paid vacation each
year, Thus we conclude that the living standards are.quite comparable quanti-
tatively in Sweden and the U.S,, but the mix is substantially different, empha-

sizing somewhat less energy-intensive economic activities and life styles in Sweden.

IV, COMPARISON OF ENERGY USE IN THE UNITED STATES AND SWEDEN

In Table 2 we compare energy use in the U.S. and Sweden. This table is
fﬁrther amplified in Figs. 2 and 3, in which the flows of fuel to each end use
sector are shown. Sweden uses less energy per capita in all sectors, the largest
difference being in the transportation sector. Considerable differences also
exist in basic materials processing in the industrial sector, and in electricity
use in the residential and commercial sector. We shall examine these differences
in greater detail below. '

A useful formula that summarizes the uses of energy (TJ's) is: energy
use = L.ED_ = ZE3D3 = IT,, where the D are the final dollar demands for goods

JIF
and services, and the E; arve the energy intensities of those demands; or, in

-

physical terms, the D} are the quantities of goods and services, and the EJ
the energy intensities associated with those quantities.

When data are disaggregated in this way, both the relative mix of modes
(the Dy or DE) and the efficiency of those modes [EJ)'1 or (E})'1 can be compared
among countries. Bnergy use in the economy can be lowered both by shifting to
less energy intensive DJ and/oxr by increasing the efficiency (lower EJ) of
production of a given Dy- We shall use this formalism in the specific comparison
of U.S. - Swedish energy use to follow. The above equation, however, can distort,

the comparison of energy efficiencies, because demographic differences affect
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APPROXIMATE FLOW OF ENERGY THROUGH
THE UNITED STATES ECONOMY, 197I

’ GROSS -
PRODUC TION CONSUMPTION

NUCLEAR FOWER 0.4 [) ENERGY LOST IN GENERATION
: ENERGY USED FOR AND TRANSMISSION OF ELECTRICITY 14,260
i HYOROPOWER 1M ELECTRICITY o 429

-~
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/“"L\“Q 820\ EWD-USE CONSUMPTION

10,900 3.240

: NATURAL GAS
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F'ig. 2. Energy flow diagram for the U.S. A1l figures in kWh per capita,
. Import/export balance via non-energy goods estimated from Ref. (35)

excludes process energy for refined imported fuels (ca 1800 kWh per capita
in 1971). Excludes wood wastes (1000 XWh per capita) and feedstocks.
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lower right hand corner).Other data from IVA {21). Figure based on one drawn

by Angpanneforeningen (31). Note the losses in hydropower,
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Table 2. Energy consumption in kWh/capita for U.S. and Sweden in 1971

United States® Swedenb
kith kih ¢ '- ¢
o kWht kWh kWhe kWht
Transportation 24,025 25 24,075 7,350 200 7,775
Cqmmsrcial 9,600 2,150' 14,250 7,375 1,500 10,625
Residential 13,500 2,300 18,450 11,125 1,400 150
Inﬂustry 28,900 3,300 36,000 20,400 4,200 14,150
Fepdstocks 5,600 - 5,600 2,500 - 2,500
Lo d

Utility losses
(actual) 14,200 o o 3,700 o o
Actual 5 ' o
consumption® < 955825 7,775 98,375 52,450 7,300 63,600
Energy embodied , g h '
in foreign tradeff 1,800 m 1,800 -4,600 T ~4,600
Net Consumptiont 97,625 7,775 100,175 48,150 7;300'1 59,000

aU.ﬁ. data from Bureau of Mines (28), Cook (29) (see our Fig. 2 which -
excluded feedstocks), and Knecht and Bullard (30). .We included 1,000
kWh per capita in wood wastes (SRI, ref. (30a)).Totals in kWh and kWh,
columns do not agree because of difference :in counting hydropower.

bsﬁedish data from EPU (16), IVA (21), and ﬁngpanﬁef.(sl), with feedstocks
estimated from S05 (32) and EPK (33). Includes 4,000 kWh per capita wood
wastes. Hydropower counted at 3,413 Btu/kWh, in kWh column. -

GRWht calculated by distributing utility losses to end consumers. "Self"
consumption in electrical sectors counted in "Industry'. kWhy column
for U.S. includes hydropower at 10,460 Btu/kWh,; kWh, column for Sweden
counts all electricity at 10,400 Btu/kWh,. Actual "heat rate" for thermal
and back-pressure plants in Sweden has 8,870 Btu/kWh,, including distri-
bution losses, and 7,780 Btu/kWh_ for production only, Co-generated electricity
in paper industry excluded from fhis column.

dHydropower counted at 3,413 Btu/kWhe. Other losses according to actual consumption.

%Actual consumption refers to fuels and electricity including petroleum
refining losses and other captive fuels.

Jc‘Embodied energy includes the process energy of refined fuels but not the
energy available when the fuel is burned.

glﬁport-export energy balance for the U.S. from Herendeen and Bullard (35).

'hlmport-export energy balance for Sweden from EPU (16).

%Exports of coal, crude or refined products are excluded from this balance.
They are shown in Figs. 2 and 3.
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the amount of energy required to fulfill a given need (say, residential heating),
thus affecting the D; as well as the E;. These factors are also considered in
the U.S. - Sweden energy comparison. The differences in E;'s between countries
indicate possibilities for energy conservation via technical change, without

requiring changes in lifestyle.

A. Transportation

In Table 3 we display basic passenger transportation data for Sweden and |
the United States. It can be seen immediately that major differences exist in
all modes. 1In addition to the striking differences in automobile D, E”, and
T, we note that Swedish passenger transportation is more heavily concentrated
in rail (including subway} and bus modes, at the expense of the auto and the
airplane, Significantly, all Swedish E}'s are lower than the corresponding U.S.
EE'S' This is due in part to higher load factors and the extensive use of air
and bus charters,
In Table 4 we consider the automobile in more detail. We see that the
Swedish D” is only 62% of the U.S. figure, and E”, measured in kWh/pass-mi or
gallons/pass-mi is only 60% of the U.S. figure. The biggest contributor to
efficiency is the 1owér'weight of Swedish autos, compared to American counter-
parts. The average weight of a car used in Sweden is 1100 kg (2420 1b), whereas
for the United States the average weight is 1700 kg (3740 1b). The weight
distributions are given in Fig. 4 {43-45). Interpolating EPA measurements of
fuel consumption versus inertial weight suggests that this difference alone
reduces energy consumption per mile by ~ 30% (43). The lack of power extras,
automatic transmissions, and air conditioners reduces fuel demand further, as
does the lower ratio of engine displacement to car weight of Swedish autos. i
_ Beyond these technical differences in automobiles, however, are more
subtle differences injauto utilization that have significant consequences.
For trips of 10 km or less, in which auto fuel consumption is nearly double
thé average (47), theiSwedes use private cars and public transit in the ratio
55/45 (% of trips) (45). In the U.S., by contrast,'thé ratio is 90/10 (FHWA,
unpublishe& data). This traffic accounts for 65% of all auto trips in the U.S.,

resulting in lower avérage driving cycle efficiencies. Thus it becomes apparent

why actual miles-per-gallon in Sweden are higher than predicted by the EPA (43):
the driving cycle demands less energy. Surprisingly, load factors in both

countries average approximately two. Probably the reason the Swedish value
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! Table 3. Passenger transportation Zata for U.S. and Sweden.®
! United States (1972) Sweden (1970)
Passenger Dj E& T D} E) T
J
Mode% (pass-mi/  (kWh/ {(kwh/ ! . Y )
| capita) pass capita) (pass-mi/ Uailny e (kWh/
| “mi) capita mi} capita)
Auto® |
< 30 mi 4,850 1.72 8,330 1,825 -~ -
> 30 mi 4,200 1.02 4,300 3,225 - _—
Total 9,050 1.41 12,630 5,050 74 3,760
4 (1370 7,500 1eu1 11,200 ) ’
Bus
Local. < 30 mi 112 .50 56 460 a1 9
Intercity > 30 mi 122 .30 42 25 ‘ ”
Rait®
Local?# 30 mi - 64 .21(.63)f 13.7 85 .16(.48)f 15
Intercity>30 mi  21.3 .87 18.6 356 2507507 90
Total Land 9,370 1.36 12,760 5,975 .68 4,065
Air Do$est1c 490 3 1,500 46 } S 1.12() 275(?)
Air Internationald 243(?) 1.38(?) 335 200
Other ﬁassenger, .
MiTitary - "" 1,500 - R 200
Total Passenger 10,103 -- 16,095 6,221 - 4,540

aSources: for U.S. data (36), (37), and (38); for Swedish data (40}, (33), and (41).

Division into urban (within areas of population 30,000) and intercity (from ref.
(41)) ;do not exactly correspond to our c1a551flcat10n by local (30 miles) and
intercity.

_Ref. (36) gives 1969 load factors that imply an overall load factor for automobiles
of 1.7, which seems unreasonably low. Refs. (37) and (38) imply load factors of
2,2, while ref. (42) assumes a load factor of 1.9, which we adopt. There was a
‘similar discrepancy in the Swedish data, most references giving an implied overall
load factor of 2, with one reference giving 1.7, We adopt 2, since the driving in
Swaden is dom1nated by family driving to a greater degree than in the U.5. (The
load factor is defined as the ratio of passenger miles to vehicle miles.)

dU.S. bus fleet is 75% diesel, Swedish bus fleet is 10% glectric, the remainder
either diesel or gasoline.
®lLocal rail service in the U.S. is electric, intercity is 75% diesel, the rest
electric. In Sweden 90% of rail service is electric, the remainder diesel.
Jc.Electrlclt figures are net, and the E; in parentheses reflect a
Yy rigu J
-theoretical 3 kWh./kWh,.
IThe figures for international fuel and passenger miles are uncertain.
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Table 4. Automobile data for the U.S. and Sweden (1970).

{Conversions used: 1 U.S. gal = 33.75 kWh;

IT'mi =1.6 km.)

U.s. Refs.

Sweden Refs,

Persons/vehicle 2.25 (42) 3.4 _ {16)
Licensed drivers/capita 0.8 _ (38) 0.4 (16)
Pass~ﬁi/capita ' ' 7,960 . D 5,050 (40)
Vehicle mi/capita® = 4,160 (37) 2,560 (46)
Mi/vehicle 9,360 (37) 8,900 (37)
Load factor 1.9 (42) 2.0 | (40)
Average weight (kg) 1,900 (43) 1,100 ' (44)
Miles per gallonb .

Actual 13.7 (37,43) 24 (43-45)

Theoretical 12.5 : 20
kWh/pass-mi | 1.4 0.73
kWh /capita 11,200 3,710

“The surprising similarity of miles drivenper car suggests that in Sweden
second cars are replaced by mass tran51t and a significant number of

families have no car at all.

b

Theoretical miles-per-gallon is estimated from the weight-fuel economic

statistics of the EPA. Actual is determined by dividing actual miles
driven by fuel consumed. Swedish theoretlcal value (24 mpg) from Ullén

(44) matches actual for Sweden. .
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is as low as in the U.S. is that the smaller families in Sweden compensate for
that country's higher family use relative to commuter use.

A factor reducing Swedish automobile energy use further is that the speed
limit was as high as 110 km/hr (68 mph) on only about 10% of the largest highways,
with a 90 km/hr or lower (55 mph)} 1limit on the remaining 90% of the main highways.
This is in contrast to the U.S., where highway speed limits were commonly 65
mph (or greater) imn 1971, |

The availability and use of mass transportation in local and long distance
travel is an important factor in the optimization of the use of the auto discussed
above (25,26}. In Stockholm, Gothenburg, and Malmo, representing more than 25%
of Sweden's population, mass transit, motor bikes and pedal bikes account for
75% of all commuting (41). The figure for the entire country is 46%. Mass
transit provides half of this, mostly in the above named cities. Most of the
cities of over 50,000 .people in Sweden have bus systems reinforced by important
economic incentives, including subsidies, that encourage use by riders going
into the city center. ' In Gothenburg, for example, one can obtain a round trip
ticket for the price of a single fare by using the street cars and buses at
off-peak daytime hours; in Stockholm and other cities a 50 skr (now 70 skr) pass
allows unlimited transportation on all rail and bus lines. Buses are often as
close as four minutes.apart during peak hours, and rapid rail and buses provide
direct service to locales as much as 40 km from the city centers. Thus to the
city or suburban dweller in Sweden, mass transit presents a viable and economic
alternative to the use of an automobile, and development of suburbs and new
towns around rail and bus stations reflects the popularity of mass transpor-
tation. For longer trips, alternatives to auto transport in Sweden are also
available, Inter-city buses, semi-charter buses, and trains carry 20% of the
passenger miles in trips over 50 km. Swedish Railways offers hourly departures
between Malmo, Gothenburg, and Stockholm during day and early evening hours,
traveling at average speeds of 80 - 100 km/hr.

We should not omit, however,discussion of some of the discentives that
discourage use of automobile transit in Sweden. In Stockholm no 24-hour free
street parking exists in the greater downtown area and parking fines begin at
$12.50, Both Stockholm and Gothenburg have set ﬁp systems of barriers, one way
streets, mass transit-only lanes or passage ways, and pedestrian-only streets
that further discourage the use of the auto. It has been noted (25,26} that
some of the gains made against the auto havé been gradually eroded. Nevertheless,
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the iauto's share of all passenger miles has stabilized at 82% in Sweden (33);
theiU.S. figure is 92% (38).

; The tax system has contributed strongly to the control of the auto in
Sweden. In 1971, the gasoline tax of 50¢/gallon raised the price by 250% to
70¢ﬁga110n (23,48). Automobile excise taxes and yearly fees rise in proportion
to Wéhicle weight with the formula shown in Fig, 5. These fuel and weight taxes
infiuence owners to purchase light cars, as the lack of cars above 1600 kg (the
iI.S. average) shows (Fig. 4). In addition, the excise taxes raise the cost of
a néw car relative to the cost of maintenance, making it more worthwhile in
Sweden (vie a vis the U.S.) to keep an older car in running condition. The
avefage car in Sweden has a lifetime of about 14 years compared'to a U.5. life-
time of less than 10 years.

| For freight transport, given in Table 5, the largest difference in per

.capﬂta energy use is associated with distances through which goods are moved.

A lesser, though still important, factor is the energy intensity of freight
movément. Although a complete study of efficiency is yet to be made, some
important factors can be identified. Among these we note that Swedish trucks
are not prohibited from hauling freight on return trips. Also, small station
wagons and four cylinder microbuses or diesel mini-trucks are used extensively
for:short hauls in Sweden, in contrast to the heavier pickup or panel trucks
used in the U.5., thus more closely matching mode and vehicle to the demands
of the task. Much of the difference in freight miles would be accounted for
by shipments of Swedish exports of raw materials through other countries, exports
that far outweigh (literally) imports. These are not counted in our study.
Also, coal and other fuels are transported over much greater distances in the
U.S. than are fuels in Sweden.

| Energy used in foreign passenger travel, particularly in European countries
wheﬁe this constitutes a significant fraction of what corresponds to domestic
traéel in the U.S., may distort comparative energy use analysis. This is
parficularly true of air travel. Nearly every passenger flight connecting
Sweden with anywhere stops in Copenhagen, where most of the fuel for the trip
is pﬁt aboard. Thus Danish fuel intensity per air passenger mile is abnormally
higﬁ (8), while that for Sweden is low (16).. It is also difficult to credit
passenger miles when foreign visitors travel to or within a country. Because
of these uncertainties we have refrained from drawing conclusions from the great

differences in E” (air passenger trdvel) seem in Table 3,
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Table 5. Goods transportation data for the U.S. and Sweden.%

‘United States (1972) Sweden (1870)
Dy Ey T Dy Es Ty
(ton-mi/  (kwh/  (kwh/ {ton-mi/ (kWh/  (kWh/
capita) ton-mi) capita) capita) ton-mi)} capita)

Truck

Local {(0-30 mi) 360 - 1.95. 700 339 0.58 200
Intercity (> 30 mi) 2069 0.63 1430 1284  0.86 1100
Total truck : 2429 0.88 2130 1623 0.8 1300
Rail | 4132 0.19 800 1350 0.6(.18)2 80
Domestic Air 20 7.5 - 150 -- -— --
Water _

Domestic - ~- 420 704 0.3 190
International _ - - 480 - e -
Total goods 6585 -~ 3980 3670 -- 3170
Non—revenu% goods _

transport (agric., . . -

forestry, construc., 1850 - 470
etc.)

Pipeline — - 200° - - -
Other : = - 120° -- ~= 930
Totals 6585 - 6230 o - 4570
%3ources " data from Knecht and Bullard (30), FEA (39), and BNL (30b).

Swedish data from (40), and EPU (16), with the breakdown for truck by distance
based on the 1973 distribution.

bPigure in parentheses reflects 3 kWht/kWhe conversion factor.

“ 1971 data.
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B. % Residential and Commercial Energy Use

A comparison of energy use in the residential and commercial sectors is
given in Table 6, Although the per capita consumption is significantly lower
in mqst categories, a full appreciation of the differences are only obtained by

J J
Space heating, consuming over one half of the total (Table 7), shows very

_ examlnlng the D7's and E.'s separately.
large differences in efficiency, when account is taken of the differing climates
and the actual energy use per square foot of residential or commerciai space.
The larger number of degree days in Sweden is compensated for by considerably
lower heating intensity (kWh/deg-day m ) A study of insulation in Swedish
homes and apartments showed that U- values for heat loss have declined steadily
to a: typ1ca1 value of .06 Btu/hr ft -°F). One can almost guess the year of
construction of a residence in Sweden by the U-values, the scatter from the
averége value for any year of building being very low (16). This indicates that
additional factors have acted, via stringent building codes, to permit only
energy efficient (and economic) construction in housing (52}. In contrast,
U.S. U-values have been set mainly by a weak FHA minimum property standard;
which before 1971 was 0.12 Btu/hr-ft2-°F for ceilings and 0.19_Btu{hr—ft2—°F
~ for walls (50). TheU.S.-Swedish ratio of U-values of 2 is nearly equal '
to the average ratio of heating intensities. By implication, the Swedish
houses also have corfespondingly less infiltration and heat loss through
- glass, by use of storm windows and double glazing, to maintain the overall
ratié’(l?}. :
Although the lower heat loss in Swedish houses is in part a response to
the more severe climate, this is not the primary reason, as seen in Table 7
wheré ve present the heating intensity in various regions in the U.S. and Sweden,
50 tﬁat intensity at a given number of degree—days can be compared. Although
theré is little overlap between the U.S. and Swedish degrée-day vaiues,-the plots
of intensity (kWh/mz—deg—day) vVersus degree-déys clearly lie on different curves
for Sweden and the U.S. The Swedish values are also nearly independent of
degree days, reflecting the centralized standards, probably indicating that
before the embargo the standards were sufficiently high that there was little
economic incentive, even in the extreme north, to exceed these standards.
" In Sweden the mix of single family dwellings (SFD)} 42% and apartments
(MFD) 58%, is considerably different from that in the U.S8. where in 1970 71%
| weré_SFD and 29% MFD. Howevér, this difference does not account for much of




23

Table 6. Per capita residential and commercial energy use in the U.S.

and Sweden (1972).

u.s.? Swedenb
Residential:

Direct fuel (kWh)

Heating " 9,660 8,200

Water heating: 1,950 3,300

Gas appliahces. 630 1258

Second homes - 300
Electricity (kWhe) _

Refrigerator and stove 610 530

Lighting 335 105

Air conditioning 300 --

Other appliances 590 475

Heating 280 400

Water heating 500

District heating saving -— _Egéﬂﬂf_
Total net use (kWh) 14,855 12,135
Blectric conversion loss at U.S. rate® 5,230 3,020
Total gross use (kWhy) 20,085 15,135
(with actual losses)® {--) (12,620)

Commercial:

Floor space (mz) 10 13f
Direct fuel (kWh)

Space heat 5,625 4,800

Water heat 7490 -

Air Conditioning 200 --
Electricity (kWhe)

Air Conditioning 205 -~

Lighting 1,250 525

Electric heat and other 310 _1,075
Total net use (kWh) 8,380 6,500
Electric conversion loss® 3,530 3,200
Total gross use (kWh) 11,910 9,700
(with actual losses)® (-~} (7,280)
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fTable 6 continued -- footnotes)

Data from Refs. (3), (30b), (49), and (49a).

bData taken frxom Refs. (16), (41), (53), and (54).

| . .
!cIncludes hot water in all-electric homes, and second homes.

;dbee Appendix for explanation and detailed calculation. Assigned to
i residential sector for convenience.

|
®Losses counted at U.S. rate of 2 kWh /kWh_ for purposes of uniform

. comparison, as in Table 2. Actual stedish losses (0.46 kih, /kWh,)
- reflected in total column in parentheses. -

-ffhis value is obtained from the volume of commercial office space
* (Ref. (16}) by assuming a 4-meter room height,

—
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the increased heating efficiency, as the kWh/ﬁz was only slightly lower in
Swedish apartments than in single faﬁiiy dwellings, and the kWh/cap was also
very similar, due to the higher nuiber of people pexr house in SFD, In apartments
common metering of"all units in a building removed the incentive to conserve,
raising both temperature and hot water use (41).
Electric heating in Sweden was increasing rapidly, as was U.S. growth,
until the embargo of 1973 caused a re~evaluation of the overall effectiveness
‘'of such systems. In 1972, 7% of Swedish homes (15% of SFD} were heated elec-
trically, similar to the 8% in the United States, but much less than the approx-
imately 20% in Norway, where hydroelectricity is the largest single contributor
to the total energy supply. Swedish all-electric homes have typical heat losses
of two-thirds of the average of o0il heated homes considered in Table 7 (17).
In the commercial sector, overall energy use per square meter of space
may be as much as 30% lower in Sweden than in the U.S. {16), even before the
difference in heating degree-days is considered. The heating intensity, when
measured in'kWh/mz—deé-day is approximately 2.5 times lower than in the U.S,
We attribute this mainly to the same differences in insulation, ventilation,
and construction standards that applied te the residential sector, but further
confirmation of the reasons for this difference should be made. The energy
consumed in the commercial sector is yeduced further by more realistic lighting
standards, which also lowers the need for cooling. (Unlike many large buildings
_____ in the U.S., Swedish office buildings do notfreduire air conditioning in winter to
remove the heat produced by high lighting levels.) ‘
In Table 6 the important residential and commercial uses of electricity
are also compared. Higher U.S. energy use arises primarily from a combination
of factors: significantly more use of larger appliances like dryers; large
"frost-free" refrigerators; excess lighting; and more small applicances {(53,54).
Air conditioning is conspicuously absent from Swedish electricity use, but accounts
in the United States for only 12% of electricity used in the residential and the
commercial sectors, and only 3% of our total energy use.
Water heating, another major energy user, requires typically 6200 kWht
per household in apartments (central water heating) and 10,500 kWht per household
for single family dwellings in Sweden, while the corresponding U.S. figures are
9,600 kWht per apartment and 11,500 kWht per single family dwelling. Much of the
hot water in Sweden is prepared in centralized systems, eliminating some of the

convection and radiation losses of American single unit water heaters. On the
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fable 7. Residential space energy consumption (fossil fuels only)} and
heating efficiencies by eclimatic regions for the U.S. and Sweden.

| U.8.2 Sweden®
| MFD® sep?
: Ene;éy Consumption:
Persdné]housing unit 3.3 2.1
Roomé/housing unit 5.1 3.2 4.5
_ Pers?ns/room. 0.66 0.66
Ave. area %) 115 70 110
_ Degrée days (68°F) 5500 9200
kWh/housing unit . 34,000 16,350 28,750
kWh/nEl2 300 235 260
KWh/deg-day 6.2 1.77 3.10
Kh/m* deg-day 0.054 0.027 0.028
kwh/éapita 9150 8200
_ HeatiggrEfficiency by Climatic Regions:
u.s.© Swedent

Calif. Penn. Minm.

- Degree-days (68°F) 1800 5500 8500
KWh /m® deg-day 0.11 0.063 0.049

Malmo Stockholm Norrbotten

7700 9200 13,000
0.028 0.027 0.026

4Sources: Refs. (14}, (15), (24), and (51). Single family dwelling figures, ex-

cept kWh/capita, which includes all dwellings.

PSources: Refs. (16}, (17), and (53).
cMultiiple Family Dwelling
dSingile Family Dwelling

eSOux;ces: Refs. (14) and (15).

fSouﬁces: Refs. (17), (54). Curves from electricity heated homes were adjusted
upward to reflect oil furnace efficiencies and construction.
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other hand, the larger systems are not easily metered.individually; studies of
energy use in apartments in Sweden (16,41) noted that occupants paying individually
for heat, hot water and electricity would use at least 15% less than those paying
indirectly by sharing cost in the rent. Without detailed studies of water use,
however, we cannot conclude anything about the E”.

An important mechanism for supplying space heat in Sweden is with district
heating, in which central stations either produce heat alone, or co-generate heat
and electricity. District heating supplies 19% of the total residential heat
needs in Sweden (16). The energy balance for Swedish thermal power plants shows
24% of the kWh input appears as warm water or steam, primarily: for heating of
homes and buildings, and 29% of the outﬁﬁffis electricity. Figure 6 illustrates
the combined electricity-heat system of MalmG, a city of 250,000 (55). The
overall effect of these systems, after fhe slightly lowered production of elec-
tricity is taken into: account, is a net sav1ng of fuel of 1300 kWh per capita, .
which is 2% of the total energy consumptlon 1n Sweden (see Appendix for further

detail).

C. Industrial Energy Use

In both Sweden and the: Unlted States the largest use of energy in 1ndustry
is for basic materlals pr008551ng. In Sweden this energy use 15 h1gh1y concen~

trated, five sectors accountlng for 85% of the net use (16 21}
In Table 8 we see that larger fractlons of Sweden's manufacturing value

added and energy use, compared to the U.S., are concentrated in the five emergy
intensive sectors., Additionally, the energy use in each sector and the value
added is more concentrated toward materiais processing -~ orgéﬂic chemicals versus
drugs, paper mills versus paper products, etc. Thus the mix of output in Swedish
industry is more energy intensive than in the U.S. This is reflected in the E
for the five industries combined, which is higher in Sweden than in the U.S.,
although total E for all of manufacturing in Sweden is very close to that in
the U.8. While some energy intensive products, such as plastics, chemicals,
and aluminum, are made in greater quantities in the U.S. than in Sweden, steel,
cement, paper and pulp are made in greater amounts in Sweden. Much of Sweden's
energy intensive raw output is exported.

However, these measures of intensity can be misleading. As Table 9 shows,
the process energy intensities (E”) are signficantly lower in Sweden for virtually

every product, usually because of reduced process heat requirements. These findings
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COMBINED ELECTRICITY GENERATION AND DISTRICT HEAT IR SWEDEN
_MALMD

WASTE HEAT
B25 GWH
{26%)
o1 |
3215 GWH DISTRICT HEAT
: 011 FIRED 1715 GWH
5 POWER (53%)
? PLAKTS:
A _
CAP 915 MW © ELECTRICITY
675 GWH
' - (21%)

1 GWH = 3.413x10° BTU = 610 BBL

EBLVSID-F770

Fig. 6. District heating and electricity co-generation in Malmo, 1973. From (55).
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suggest that Sweden's industry is more energy efficient than our own. More
important, though, these findings stress the'inaccuracy of measuring energy use,
or efficiency, by aggregate ratios of ‘energy use to value-added or GNP,as is
done in Ref. {1). We note that similar differences in process energy intensities
were found in the study of West Germany (11).

Swedish industries use more electricity as a fraction of all energy, or
as a fraction of all electricity used in the whole economy, than American counter-
parts. This effect can be understood by noting that historically nearly all of
Sweden's electricity was generated from hydropower, the predominant domestic
energy resource; industries could be expected to utilize this resource, which
has been less costly tﬁan steam electricity. In addition, the ratio of the -
price of electricity to the price of fuel (for the steel industry in particular)
is lower in Sweden than in the U.S. These prices are summarized in Table 10.

The overall comparison of electricity used by industry is shown in Fig. 7.
Industrial electricity costs in Sweden are close to those in the U.S., but the
dominance of several industries in Sweden that pay less than the U.S. average
pulls the average price in Sweden below that in the U.S. (Table 10). Since
prices are so similar, we attribute the higher electric intensity (shift fo
the righf in Fig, 7} to the lower ratio of the price of electricity to the price
of fuels as compared to the U.S. (Table 10). _ '

Additionally, however, other factors in Swedeﬁ.tend to reduce specific
industrial energy consumption compared to the United States. Sixty percent of
all fuel used in the paper industry (which consumed 16% of all energy in Sweden)
is provided internally by barks and liquors as opposed to 35% in the U.S. (21),
but a third of the electricity used by that industry, and smaller fractions
elsewhere, is co-generated with steam production (16,64), thus reducing fuel
needs. Some savings through co-generation have been obtained, for'example,:in
Germany (11) and are considered to be economic for the U.S. (65), where half of
the electricity consumed in the paper industry is self-generated, but only a
small amount is co-generated.

In addition to energy savings in process industries in Sweden, assembly
industries there tend to show lower use of fuel per unit of product (or value
added) than in the U.S. - This comes about in spite of more important space
heating requirements compared to the U.S., in some cases surpassing electric
drive and lights. A total of 20% of Sweden's industrial use is for space heating.

In the entire Volvo concern, encompassing several large assembly plants, 1974
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feedstocks)

q g . g a
Table 8. Energy use in industry-economic overview
!
I D, E J(kwh/a;)" T
Indust:y Sectors Value added Us  Sweden U.5. Sweden
| SIC SNI ($/capita) (1971} (1970) (1971) (1870)
_ US Sweden kiWh kWhe k kWhe
" MANUFACTURING
Paper” 26 su1 62 112 44 75 3200 290 7625 1300
Market pulp 261 3u11l 2 34 125 25 3680 500
Paper mills 262:35-6 anllz,-113) 24 60 . 2500 230 3895 800
% of: sector 40%  B4% 82% 88% 99%  100%
Chemicels 28 3515582 158 84 25 34 3930 575 1135 540
Organic 2815+-18 35111 16 7 1575 110 80 250
Inorganic 2812,.-13, 35112 9 1220 250 110 100
~-16: =19
Plastics,fibers 2s2 3518 24 i8 630 80 305 80
Agricoltural 287 35132 8 7 115 15 120 55
% of sector 31%  49% 0% 78% 54% 0%
Feed' stocks Exeluded from :
consuned totals 4600 1500
Petrolleum 29 3534 -4 30 11. 142.9 134 4000 145 1540 30
Refining" 281 353 25 8 152:0 187.5 3800 135 1500 23
Stone,tlass, .
Clay | 32 36 51 50 36.3  32.5 1850 120 1625 150
Primary metals 13 87 110 103 51.8 37.7 | 5700 710 3880 910
Basfc steel 3312 7101 46 74 4380 190 3oes5 500
Alloys 3313 87102 10 3 80 35 280 160
Nonferrous 333 37201 8 6 640 300 370 225
% of sector 57% 81% 90% 74% 96% 97%
TotJ] Energz_lntensiveg 421 328 44.4 48,2 | 18,680 1700 15,800 3000
Other. Manufacturing 1320 808 3.4 2.0 4525 1050 1600 710
Total Manufacturing 1741 137 13.3 15,3 | 23,205 2750 18,100 3710
ENERGY) HARVEST
(excluding refining, elect.utilities) 2500 230 500 280
MINING 570 100 570 180
AGRICULTURE, FORESTRY 1825 55 510 200
CONSTRUCTION
(excluding vehicles) 900 16 650 85
Totél Industry {excludin
- 7 ’ 20 W00 130 4360
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Footnotes for Table 8.

bNet. For gross (kwh_ )

#Sources: for U.S. Refs. (30), (56), and (57); for Sweden Refs, (16), (33),

and (35}, kWhe included in kWh figures,

multiply by [(2 Kh_/kWh) + 1] , where the kWh and
kWwh_are from T._. kﬁh is included in the kWh figure. U.S. Figures for kWh

include self—generatiSn but these are not included in the EJ. U.S. EJ is £6r
1971; value -added from (56) inflated to 1971 values.

cInclust wood wastes.

dThe value added is given for those SIC and SNI groups that are more energy

intensive than the average. Percent of sector gives the percent of the sector
contained therein. It can be seen that Sweden's value added is more concentrated

in these sectors,
®Peedstocks for Sweden estimated from Refs. (31), (32), and (33).

fIncludes captive consumption not counted by most Swedish studies, but found in
Refs, {31) and (32). Feedstocks subtracted from refining losses in Ref. (31).
500 kWh/capita of non-fuel petroleum (lubricants, etc.) omitted but counted in
Table 2. The Swedish refining T could be as low as 1000.

BExcludes self-generation for electricity totals, except 400 kWh self-generation
in paper and pulp industries in Sweden. :
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ﬁable 9, Materials and energy consumption data for the U.5. and Sweden.”

'bElecﬁriCity was included (net) in E

1) for Sweden reflects 3 kih./kWh_.

%
TJ TJ

D, (kg/capita) E, (kWh/ke) EJ(kwhe;kg) (kWh/capita) (kifh, kapita)”

i U.8, Sweden U.S. Sweden U.S. Sweden UﬁS, Sweden U.S5. Sweden

‘Basic stesl® 580 650 7 4.8 0.5 1.0 4000 3100 4640 4420
Alumirimumn® 17 9 17.7  17.7 17.0 17.0 300 160 880 465
0il, refinedf 2900 1400 1.4 1.1 0.05 0.05 4060 1500 4350 - 1540
Market pulp’ ~1 550 o 6.7 1 1 - 3685 - 4900
paper, inc.® _ '

pulping 260 550 - 9.5 6.6 1.5 1.5 2470 3630 2860 4730
Cement 342 460 2.0 1.6 0.1 0.1 685 735 ‘755 830
‘Organic h ' : B _ :

chericals 234 89 6.7 4.0 —— —— 1575 355 1800 855
Inorganic o R o L o

chemicalsh 100 87 12.2 = 4.4 — —— 1220 390 1720 600
Plastics,fibersh 51 43 12.3 5.0 ~— —— 630 215 790 375
Fertilizer 105 67 1.0 1.8 —— — 115 115 145 230
Feedstgocksb S ) - -

{energy) 480 215 11.63 11.63 — —— 5600 2500 @ —— @ ——

aSources: For U.S. Refs. (5), (7), (11}, (24), (30a), (56), and (59); For
Sweden Refs. (7}, (16), (23), (32), (33), and (60}.1970 and 1971 data.

g

dWe did not include the energy content of scrap, estimated at an average of

500 kWh/ton for the U.S. and 1000 kiwh/ton for Sweden, averaged over all steel.
CAluminum counts only the smelting of Al,05 to Al. Refining of bauxite takes

place in the U.S,, but not in Sweden,

fU.S.goil refining EJ taken from Refs. (59} and (56). Swedish losses estimated
from Refs. (31) and" (33). The latter gives a very low figure of 0.65 kWh/kg,

. but estimates from the known flow of o0il through refineries indicate 1.0 kiWh/kg.

;gPulp;and paper include the energy in wood wastes and liquors. These were as

given in Refs. (30a) (59) and amount to 1000 kWh.capita for the U.S. Refs. (21)

~and {16) give about 4000 kWh.capita for Sweden, Sweden uses more wood waste

for fuel per ton of output, and uses fewer external fuels as well. Swedish
electricity was 1/3 cogenerated, the U.S. about half that.

hFiguies for E are difficult to retrieve and hard to compare. The use

- of féedstocksfhfﬁ%f53§ng road oils, was converted to kg by using the approxi-

mate;relation 1 kg (oil equivalent) = 11.63 kWh, The U.S5. enriches the uranium

" used' in Sweden, and the energy is counted in SIC 281, industrial chemicals

(Seei Ref. (57) ).
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Table 10, Energy intensities and costs in industry,®

T, (kWh/capita) E(kﬁﬁ/$) P(¢/kWh) P /P,

U,5. Sweden U,8. Sweden U.S, SwedenIU.S; Sweden
(1971) (1970} (1971) (1970)(1971)(1970)

Five energy industries
{excluding feedstocks)b

Fuel (f) 17,000 12,800 40 39.1 0.15 0.20

Electricity (e} 1700 3000 4 9.2 o0.81 o.75 >% 3.5
Other manufacturing?

Fuel (f) . " 3500 900 2.7 . 1.1 0.19 0.36 318 @

Electricity (e) 1075 700 0.8 0.9 1.2 . 1.1 S
Total manufactﬁrings' . L

Fuel (f) 20,500 13,700 12.0 '12.0 0.16 0.22 ., . .

Electricity (e) 2775 3700 1.6 3.3 1.0 0.82 ’ ’

2Sources: For U.S. Refs. (56), (57), and (60); for Sweden Ref. {(16). Data on
price from purchased fuels only. Data on electricity for purchased electricity
except for Swedish .paper industry. .

SIC 26, 28, 29, 32, 33.
SNI 341, 351, 352, :353, 354, 36, 37.
®s1c 20-25, 27, 30, 31, 34-39.

SNI 31-33, 342, 355, 356, 38, 39.

b
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Fig. f. Electricity intensiveness, ¢/$ shipped, and price. U.S. data from 1967
Ce;nsus of Manufacturers, assembled by Hirst(58a) shown as dots, triangles;
Swedish data (from EPU (16)) shown as crowns. Use includes purchased only.

SIC and SNI codes given for identification of similiar industries.
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energy use was estimated at 0.6 x 10° kWh for space heat and hot water, s similar
amount for process heat, and an equal amount for electricity, of which one third
went for lighting and office use. {(Volvo was able to cut its total energy use
25% after the oil embargo through ''leak plugging") (61). If Swedish industrial
fuel use were adjusted for comparison purposes to take iﬁto account the differ-
ence in climate, usage could be 10% lower.

The relatively more modern equipment in Swedish industry — Sweden's
national accounts have grown significantly faster than those of the U.S. as
the Swedish GNP approached ours — certainly contributes to the higher efficiency
in Sweden, just as the U.S. industry improved energy efficiency through techno-
logical change since World War II in spite of falling energy prices (56). Data
collected by Meyers et al (56), compared with Swedish data (kWh/ton or kWh/$),
suggests that Sﬁedish manufacturing energy intensity today lies on Meyers'
projected U.S. curves 10 - 15 years hence. Missing from Swedish industrial energy
use was {and is) "“interrruptible' gas at bargain prices, and cheap coal, two
fuels that have been important to many U.S. industries and whose low price and

availability fostered higher energy use in the past,

Both official Swedish government forecasts (16} and the views of individuals

in industry (61-63) reflect the belief that optimization to ever-increasing fuel
prices will further reduce speclflc energy requirements of Swedish 1ndustry
toward ‘the end of the century, as many have also predlcted for the United States
(56). Since Sweden traditionally has paid a high industrial wage, the saving
of energy has come about not by direct substitution of labor for energy, but
through the substitution of energy management (61) and capital (B. Carlson in
Ref, (16)) for energy.

_ Other factors in resource use in Sweden contribute to both lower demand
per product and lower demand for energy intensive products themselves. It was
noted above that Swedish autos outlast American counterparts, weigh less, and

use materials that themselves require less energy than their American counterparts.

Furthermore, Swedish consumers have maintained the widespread use of returnable
bottles. Other utilization patterns (relative sizes of DJ) are interesting; in
the late 1960's plastic bags became popular, only to be replaced by paper again

as the cost of plastic, made from imported petroleum, rose relative to the cost

of paper made largely from domestic sources. We can gemerally conclude that
cultural and institutional factors combine with economic and. technical factors

to effect energy savings in the industrial sector in Sweden relative to the United
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IMPORT-EXPORT BALANCE, 1973

{KWHh per capita)
IMPORY
Energy {19.700) ‘
Penalty (2,700)
Nonenergy goods
(6,500}
N
Domestic supply
{86,600}

EXPORT

Energy {2800}
Penaity {200)

Nonensrgy goods
{6500)

APL763-5371

‘Fig. é. Imports and exports of energy via foreign trade, U.5., 1973, "Penalty"

réfers to process energy embodied in refined fuels. From (35). For 1971,

"ﬁenalty“ in import side scales with imports of refined oil.

|

SWEDEN IMPORT-EXPORT BALANCE, 1970/ 71

IMPORT

Energy 45,100
Penolty 2,500

Non-energy DOMESTIC
goods 12,300 SUPPLY
i,soo

EXPORT

Non-energy

XBL7E2-5128

Energy 3,700
Penalty 400

goods 19,000 -

Fig. 9. Imports and exports of energy via foreign trade, Sweden, 1970. Includes

wood wastes, but not the energy content of wood or paper as a fuel, From

EPU {16).
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United States. This is mainly done by increasing efficiency (lowering the

Ej‘s), but changing the mix of products (mix of DJ*S) actually consumed in
Sweden toward lower energy intensity is also significant in some areas. In
future work we hope to analyze these differences in greater detail.

D. = Imports and Exports of Goods

Since imports and exports comprise an important part of economic activity
it is important to evaluate the energy embodied in non-energy trade, as well as
the process energy embodied in refined fuels, such as gasoline, For the U. 5.,
Herendeen and Bullard (35) found that while non-energy imports and -exports
contained equal amounts of energy,* the imports of refined oil embodied more
energy than exports of coal and refined oil products (excluding the energy
actually in these fuels). The balance for 1973, indicated earlier in Table 2
and Fig. 2, is shown in Fig. 8. A similar balance for Sweden, evaluated by
EPU (16) was shown in Table 2 and Fig. 3. The complete trade is shown in Fig. 9.
It can be seen that the energy embodied in foreign trade affects Sweden -~ with
an export surplus of embodied energy — far more than the U. S., with a small
import surplus. An evén greater affect was estimated for Denmark by Elbaek (8)
who found that the energy balance of trade amounted to an import of 20% of
the energy consumed in Denmark. By contrast;'West Germany has a large export
surplus {11). Note that in every case the imports of fuels are much larger
than any of these figures. We conclude that an accounting of the energy em-
bodied in foreign trade widens the difference in energy use between Sweden and
the U.S.

V. ANALYSIS OF ENERGY DIFFERENCES AND CONCLUSIONS

In Table 11 we show explicitly some important emergy prices for Sweden
and the U.S. The largest price'differences occur in road'fuels, even before
considering the higher taxes on automobiles in Sweden. Electricity, on the
other hand, has been relhtively inexpensive (compared to fuel) in Sweden, due
to the fact that in the pasf a large share of electricity has been hydro-
power (66). In 1971, electricity use in Sweden (7400 kWh per capita) was close

T]:Cc:ou.nting ndirect" energy (applied by the producer of a good or service) gnd
mindirect" energy (the energy required to produce the materials and services
used by the producer, and so on},
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Table 11. Typical energy prices in the U.S. and Sweden. Exchange
rate used is §1 = 5.18 skr (1960-1970) and 4.30 skr (1974).

_ a
; u.s. Sweden”
o/ Kk EYE
z 1960 1970 1974 1970 1960 1970 1974  (1979)

- 0il Products {¢/gal):

Gasoline® 30 35 45 1.04 53 61 116 1.88
Diesel 23 28 35 0.83 42 48.8 90 1.45
Heating oil-
Small customers 15 18 35 0,560 : )
Large customers 10.5 12 25 0.33 13-3 13.2 40.6 0.37
Heavy oil 7 8 23 0.23 7 8.5 22.5 .24

_Gas (Q/MM Btu}:

' ; 1973
Residential 120 130 190 ~ 0,43 — 550 680 1.9
Industrial . :

Firm service 75 80 — 0,87 — —
- Interruptable service 40 50 — . 0,17 ——
. Coél,EIndustriald
($/ton) : 10 15 25 017 — 18 0.2
Electricity (¢/kWh):
197%
Base 2.75 2.75 - 2.76 3.14 212 2.3 —
Base and space 1975
heating 1.7s 2,0 — 1.5 =~ 1.5 2.0
? 1975
Ind@strial 1 1 1.5 (0.4-2.1) — 0.93 1.8 (0.8-2.2)

%Sources: Refs. (15), (24) and (57).

0.98,! other 0.25. Cf. Swedish prices.
-bSourcﬁs: Refs. (16), (23}, (48), and Swedish Embassy press release, 1975.
cSwediésh gasoline taxes; 42¢/gal in 1970, about 68¢/gal in 1974. U.S. price in-

cludes 10-13¢/gal tax.

'dCoal price excludes captive and utility coal.
®Swedish figures based on 1700 kWh/yr (1960), 3000 kWh/yr (1970}, 2000 kWh/yr

(1974).

Ref. (58) gives following prices (¢/kWh)
for d.S. industry as a whole in 1971: gas 0.13, coal 0.12, oil 0.23, electricity
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to that in the U, S. (7700 KWh per capita), but more of this total was used
in the industrial sector_in Sweden and more in the residential/commercial
sector in the United States. Other fuels in Sweden lie between these two ex-
tremes, being slightly more expensive in Sweden (before 1973) and used more
efficiently there as well. Since the price of oil used for home heating in
Sweden was comparable to U. S. values (until 1973), the length of the heating
season, as well as institutional factors mentioned above, must account for the
efficient use of that fuel for space comfort. Significantly, however, Sweden
had no natural gas or domestic coal, two fuels whose low prices certainly en-
couraged intensive use in the U. S. '

Higher energy prices alone, however, do not account for the more ef-
ficient energy use in Sweden. In our report and elsewhere, it has been stressed
that while a given set of energy prices determines a mix of energy and other
economic factors that allow production for the least cost, institutional and
social factors determine how close individual consumers, firms and society as
a whole come to this most economic energy use. In the United States, for ex-
ample, mortgage policies and market considerations constrain developers tos
minimize first costs, rather than life cycle costs, constraints which do not
éppear to be applicable to construction in Sweden. We have also seen that
'building codes have imposed energy conserving construction more uniformly in
Sweden. Additionally, the Swedish government has given priority to energy con-
servation in housing loans. Passenger transport in Sweden has also been strongly
influenced toward enérgy conservation through govermment policy, in this
case mainly through the market mechanism by various taxes and incentives. These
factors also encourage important synergistic effects. Good intercity transport,
and high costs of operating an automobile, tend to keep the population more
concentrated. In addition to maintaining the viability of the public transport
system itself, this situation also affects housing and living patterns in en-
ergy saving ways. With increased population densities apartment living is more
common, allowing potential energy savings through fewer external walls, better
insulation and more efficient heating systems. Shopping also becomes easier,

with more neighborhood stores; trips are shorter, often on foot, and smaller

.storage facilities are required, resulting in smaller capacity refrigerators

with consequent electricity savings.
In a recent study of energy use in the U. S., Hannon (67) suggested that

lowering the energy requirement for an economy by changing lifestyle and the
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mix o% consumer goods (the D ) would be difficult, because consumer expenditures
‘would .generate energy requlrements no matter how they were directed. We have
_3shown‘here that in Sweden the DJ are shifted toward less energy 1nten51ve

activities, and the EJ toward higher efficiency. For both effects, dollars
savediby saving energy in ome activity and re-spent on another, do not, on the
average, generate as much energy use as expenditures for a more energy intensive
- mix of D » Or activities with less efficient EJ, would have done. All energy
intendities are reduced through higher efficiencies, i.e., conservation, and
shifts from high to low energy intensive activities are made at the same dollar
levelf Sweden, like other European countries, developed thése energy economies
to off-set its higher energy prices and balance of payments problem resulting
from importing energy. This resulted in a higher standard of living for a

given level of energy consumption. This suggests the answer to the dilemma
posed 'by Hannon: in the face of energy scarcity and consequent rising energy
‘prices consumers in the U. S. would seek to maintain their standard of living
{by opéimizing energy use both through increased energy efficiency and through
'shifting to lower energy intensity activity.

In future work we hope to explore further both the underlying causes of

and the mechanisms for achieving higher energy in Sweden. At this time, however,
we offer some tentative conclusions about energy use obtained from the U. S.

‘Sweden comparison:

;1) For a given level of GNP, efficiency of energy use, climate and
éthe mix of goods and services share in determining the emnergy re-
gquirements of an economy. Efficiency may be the most important factor
!in the long run and is affected predominantly by energy prices, though
ginstitutional and cultural factors play a role in how well energy use

Eresponds to energy costs.

2) Projecting energy needs on the basis of past correlations between
energy and GNP (or other macro-economic variables) is a very insecure
procedure, given both the spread in energy use in countries with a given
\GNP and the great differences in efficiency, both actual and theoret-
%:i.cal, with which individuals and firms use energy to carry out tasks,
éConclusions commonly reached about the energy/GNP ratio (1), éspecially
ithose that purport to show that the U. S. uses energy efficiently
é(solely on the basis of gross energy use, electricity use, and GNP

i (68)), are misleading and contradicted by in-depth studies such as our

OWI.,
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3) No matter how one counts hydropower, it does not account for
a major portion of the difference between U,S, and Swedish energy

consumption.

4} Adjustments of energy use in the U.S. and Sweden that reflect
climate and the energy embodied in foreign trade increase the
difference in energy consumption between Sweden and the U.S.

Our international comparison suggests that many energy conservation mea-
sures are available to the United States, especially as energy prices continue to
rise. The Swedish economy performs well as a (relatively) energy efficient economy,
suggesting that more efficient energy use will not interferé withlthe function of
the American economy. While we hesitate to give an exact figure we suggest that
Swedish methods of energy conservation, including smaller cars, better struc-
tures, and more efficient use of proceés heat; would result in savings of 30% of
the total energy used in the United States (Fig. 10). Thus international energy

' use comparisons, far from suggesting an inevitable coupling between level of

economic activity and energy use, actually suggest ways in which more well being
can be wrought from every Btu of fuel andukilowatt-houtuof electricity consumed

in a given country.
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. GROSS ENERGY USE; EXCLUDING EXPORTS OF FUELS
' IMPORTS, EXPORTS OF GOODS INCLUDED

i Us SWEDEN us 1971:
_ 1971 197 Theoretical
: . {Actual} {Actuai) Efficiency increoses
100,000 -~ _ M : based on Swedish
] i | examples, higher prices
i AUTO _
| TRANSPORT
i EL,LOSSES
Tafpoo_'. ENEN [
COMMERCIAL CLIMATE . AUTO 24 MPG cars
. HEAT i
I
| - AUTO
50,000 HORES . ; o
| ¢ : | Doukle space conditianing -
! HEAT- HEAT efficiency, lower Iighting
HEAT e eval 258% , incraane hot
LIGHT H water and appliante
JnpusTRY HEAT AT ofticlancy 33-50%
.'.'_25‘000'_ et - . .
INDUSTAY < LIGHT LIGHT Optimize Iight industry
HIGH -
1 ENERGY 1 HIGH 1 HIGH Optimize heovy industry
ENERGY hadt recovery,energy
! managamsnt , co-generating,
| g W— @Eu @fé‘é‘fg_ waste heat utitization

Nofe: All figuras in KWhy / person

*Ad]unimenis 1o octuol consumptlon Includ fng
energy embedied in forsign trode of goods.
Climate ond el-lozses ad]just Sweden to
the US situation, FRLFE3-5213

Fig. 10.!Summary: U.8, and Swedish energy use, 1971, and U.S. use based on
Swed?sh intensities in industry, space conditioning, autos (mpg); also assumes
U. S; Appliance intensity decreases by 33%, 1ighting levels decrease by 33%.
Freikht, airlines, energy harvesting ignored, but higher air conditioning
and iighting efficiency factored in. See also (3-5}. Lifestyle factors
(numbers of appliances, passenger miles) not considered.
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. APPENDIX

DISCUSSION OF ELECTRICITY PRODUCTION AND DISTRICT HEATING

It is often noted that Sweden is rich in hydroﬁower, an enefgy source
that accounted for approximately 14% of all energy and 75% of all electricity
produced in 1972. Similarly about 35% of Sweden's fuel-based electricity came
from back pressure production., This is accounted in Table A-1.

As the kWht per .capita total in Table 2 suggests, Sweden's energy use
would be higher (by about 20%) if all electricity were generated at the U. S.
rate of approximately 3 kWht/kWhe. This Appendix discusses the accounting for
hydropower and other statistical difficulties.

Hydropower

Seventy-five percent of Sweden's 1971 electricity supply came from hydro-
power, Sweden's most important domestic energy source, counted in Swedish
statistics (Fig. 3) at 85% First Law efficiency. Since most of Sweden's
hydro resources are in the far north, transmission line losses are greater tﬁan
in the u. s., per net_'kWhe sold,

But simply tripling the net sales of hydropower to final demand, as was
done in the kWht:per gapita column in Table 2, can be misleading. This is be-
cause the use of electricity, particularly in industry, is stimulated by the
low ratio of the price of electricity to the price of fuel.This is, electricity
in Sweden cost approximately 0.8¢/kWh to heavy users, while fuel 0il cost $0.80
to 1.00/106 Btu (aboﬁt 0.3¢/kWh), significantly higher than the price of mnatural
gas or coal to most U..S. industries. Had electricity been 85% thermally
generated, as in the U. S., it would have been more expensive, especially since
public (as well as pfivate) power is financed in Sweden at prevailing commercial
interest rates. Thus we find that electricity utilization in industry and trans-
portation is greater in Sweden than in the U. S.; in part because of its low

price relative to fuel.

Back Pressure Generation of Electricity

Combined heat/electricity systems in Sweden produce more useful kWh per
kWht consumed than pﬁrely electrical-thermal plants. In 1971 Sweden consumed
fuel amounting to about 4.11 MWh per capita to produce 1.77 MWh per capita of
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Table A-1. Electric power and heat supply in Sweden (1972).a

Insta]..led Electric Heat >
capacity Fuel used production production Efficiency b Savings
Sources {_kwe/caplta] M'Wht/capita (MW'he) (l'-ﬂ'iht] (elect heat/fuel) (MWh ]
Community |back
pressurei 0,097 1.15 0.34 0.64 0,85 0.87
Industriai back
pressure 0.155 0.82 0.33 0,26 0.72 0.49°
Electricity only
plants : 0.48 4.01 1.43 -—_ 0.36 —_—
Total electricity only 0.79 4,89 2.11 —_— 0.44 —
Total including heat S 5.94 2.11 0.90 0.51 1.47
Heat centrals (O.SSkWt} 1.10 — 0.87 0.80 0.35
Total , 7.09f 2.11 '1.78f 0.56 1,71
Hydropower 1.39 (17.81)8 6.59 —— 0.85 11.22
Transmiss:ilon losses ~0.86
Net import 0,16
Grand total Al _ ég'gz]g ole .

Sources: Refs. (16), (21), (31}, (64), and (70).

b . .
"Efficiencies" are taken from above references, and are used to allocate heat
losses in "mixed" systems,

cSaviﬁgs = fuel that would be consumed for electricity only (37% efficiency)
plus heat in apartments (60% efficiency) plus 5% of electricity as incremental
distribution losses minus actual consumption.

dSaviligs: same as (c). above, industrial boilers estimated 70% efficient. Excludes
some :generation in paper industry. :

eSavings = fuel that would have been consumed in apartment boilers (60% efficient}
mimis fuel actually consumed in centrals. Pipeline losses are small.

fTotals do not agree strictly with Fig., A-1 due to different years and accounting
for industrial backpressure heat, which is missing from Fig. A-1 and Fig. 3
_in the text.

;ng all net hydropower had been made in a thermal-only power plant (third row)
at 37% efficiency. At actual heat rate in Sweden (7), this energy consumed
_ would have been 14.98 MWh
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electricity, for a '"heat'" rateof 2,12 kWht per kWhe. This is illustrated in
Fig. A-1, in which 0.8 MWh per capita heat-only production is included with
about 0,95 MWh per capita included in inputs and about 0.15 MWh per capita in
the waste heat figure. If the heat and electricity had been generated separately,
about 1.3 MWh per capita additional fuel would have been required, assuming the
heat was then produced in central plants, and about 1.5 MWh per capita more if
heat had been madée in smaller bpilers. In fact, half of the back pressure produc-
tion teok place in or near cities, while the other half was located in industries,
primarily paper. The heat from these plants is omitted from Pig. A-1.

A combined'distript heatisyStem is shown in Fig. 6 serving 50% of the
needs of Malmo. It can be seen that the utilizétion of fuel is increased sig-
nificantly. Swedish statistics'(sée EPU (16), p; 7b} cduht theaeffibiency of
electricity productidn.as'[electricity.produced/(tbtal enérgy.cdnsﬁﬁéd - heat

used directly/,85)], giving about 78%.

District Heatiqg

The effect of central heat-only.planté is included in Fig. A-1l; these
provide heat for 600,000 dwellings, at 85% fuel to home (First Law) efficiency,
compared to 65% for boilers in apartments. This saves 5100 kWh per dwelling or
375 kWh per capita. Another 25 kWh per capita is saved by district heating
of buildings, for a total savings of about 400 kWh per capita from heat centrals.
These savings must be added to those from use of district heat from combined

generation.

The Héat Rate in Sweden

.Virtually all of Sweden's thermal-electric-only capacity (1.80 kW per
capita in 1972) was built after 1955; thermal efficiencies average 37% versus
32% in the U.S. Since co-generation accounted for nearly 35% of Sweden's
thermal generation of electricity in 1972, and since that fraction may remain

large during the next decade (63) the 'correct! heat rate for Sweden may be im-

puted to be
[(fuel consumed in electricity-only stations)
+(fuel consumed in co-generation of electricity_and_heat)_

-(total fuél that would have been required if the
heat generated had been produced in.heat—only:b011ersﬂ

#[electricity produced].
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SWEDEN
Thermal Generation of Electricity
] 1971
|
: OIL _ WASTE HEAT
N IN ouT 47%
- 925% . 8
| Totol: ' :
6.2x10% kWh; / HEAT UTILIZED
person 24,
ELECTRICITY
S WOOD TRASH 7% _ 259,
'_NUCLEAR 05%

Approximate accounting: Elactricity was 67% condensation only, 33% back
pressure systems. Heot was 50% district heat only, 50% back pressure systems.

! UNITED STATES
g Thermal Generation of Electriclty
5 1971

WASTE HEAT

coal IN
52% 68.5%
| Total :
| OlL 17% zo'feﬂgz"w“f/ _ N
! GAS \ / ELECTRICITY
28% 315
NUCLEAR 3%

HBL763~5232

Fig. A-1. The use of fuel to produce electricity in Sweden and the U.S.
1971. Taken from Figs. 2 and 3 in the text. .Swedish data excludes some process
heat supplied to paper and mining industries (500 kWh per capita). U.S.
ciata excludes a small amount of co- and self-generation in industry. Table

K-1 presents a more detailed accounting for Sweden.
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This accounting method gives a heat rate of 2.1 - 2.3 kWht/kWhe depending
on how one rates the production of heat. Under this scheme the totals given in
Table 2 could be modified so that kWht = {(kith - kWhe) * Z.HkWhg. Applying
the U.S. heat rate to Swedish hydropower, as was done in Table 2 (kWht) raised
apparent consumption of energy in Sweden by nearly 20%. Applying the actual
thermal heat rate in Sweden derived herein would reduce this increase to about
12%. In any case, the differences in energy use between Sweden and the U.S.
still remain significant.




