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EFFICIENT ENERGY USE AND WELL-BEING: 
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and 
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ABSTRACT 

i l e d  comp rison i made between the per cap i t  energy onsumpt 
i n  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S. and Sweden. Sweden uses between 55%-and 65% of the  per capi ta 
energy (depending on the  way hydro-electr ic i ty i s  counted) a t  essen t ia l l y  
same per capi ta  income. I t  i s  shown t h a t  t h i s  di f ference a r i ses  both from 
dif ferences i n  the mix of economic a c t i v i t i e s  and from the  di f ferences i n  
energy consumption per un i t  output of these a c t i v i t i e s .  The most importan 
contr ibut ions t o  the dif ferences i n  energy use arise from higher ef f ic ienc 
i n  t ransportat ion,  materials processing, and space heating i n  Sweden. Dif 
ences i n  t h e  mode mix i n  t ransportat ion,  pa r t i cu la r l y  the re l iance on the  
mobile i n  t h e  U.S., a lso contr ibute s ign i f i can t l y  t o  the lower Swedish ene 
use. The more severe Swedish climate substant ia l ly  increases the need for  
space heat r e l a t i v e  t o  the U.S., obscuring dramatic di f ferences i n  space h 
e f f i c i enc ies ,  Energy costs  have'played an important ro le  i n  creat ing a mo 
energy e f f i c i e n t  economy i n  Sweden, aided by i n s t i t u t i o n a l  and cu l tu ra l  f a  
The comparison suggests t h a t  more e f f i c i en t  energy use w i l l  not i n t e r f e r e  
and can i n  fact improve the functions of t he  United S ta tes  economy over t h  
long run. 
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I .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAINTRODUCTION 

Although it i s  often sa id t h a t  a d i rec t  re lat ionship e x i s t s  between per 

cap i ta  energy use and standard of l iv ing,  as measured by Gross National Product 

(1 ,2 ) ,  examination of the energy and GNP s t a t i s t i c s  f o r  t he  most indust r ia l ized 

countr ies indicates a la rge spread i n  the r a t i o  of energy use per un i t  of GNP 

(see Fig. 1). 

t he  countr ies with high energy u s e p e r u n i t o f  GNP, w i th t~t : inSweden,acountrywhich 
i n  1971 

do l l a r  of GNP. 

r a t i o ,  but a l so  because the GNP per capi ta  i s  essen t ia l l y  t h e  same i n  both 

countr ies.  

featu'res are similar t o  those i n  the United States.  

ences i n  energy u t i l i z a t i o n  between these two countr ies may i l luminate s t ra teg ies  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f o r  saving energy, 

This a r t i c l e  compares energy use i n  the United States,  one of  

used approximately zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA60% as much energy as the U.S. t o  generate each 

Sweden was chosen not only because of i ts  low energy t o  GNP 

Moreover, much of the economic a c t i v i t y  and many of the demographic 

Thus evaluating the  d i f f e r -  

Studies of energy conservation i n  the United S ta tes  indicate t h a t  the more 

important of these s t ra teg ies ,  taken together, could reduce energy consumption 

25 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 40% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(3-S), while lowering pol lut ion (4), reducing cap i ta l  requirements f o r  

energy production (4), and general ly ra i s ing  employment (4 ) .  

relat ionships among economic inputs including energy within an economy a re  complex. 

Thus examination of an economy t h a t  requires substant ia l ly  less energy than our 

own may provide guidance i n  understanding the t o t a l  effect of energy conservation. 

But the i n t e r -  

I n te res t  i n  energy use and conservation has st imulated a number of i n t e r -  

nat ional  comparisons (6,7) as well as new evaluations of data from within s ing le  

countr ies (8,9). A preliminary study concerned with a number of countr ies shows 

some of t he  dif ferences reported here without drawing conclusions (10). A study 

of t h e  U.S. and West Germany developed comparisons fur ther ,  discussing method- 

ologies,  and obtaining conclusions concerning p o s s i b i l i t i e s  f o r  energy conser- 

vat ion i n  the U.S. i n  qua l i t a t i ve  agreement with our Section V (11). Two other 

comparisons of U.S. and Swedish energy consumption dif ferences have been under- 

taken (6,7), and we a r e  grateful  t o  have been able t o  compare our da ta  with 

t h e i r s .  Although the re  a r e  many small discrepancies i n  data from d i f f e ren t  

sources, i n  no cases a r e  these discrepancies large enough t o  change our general 

conclusions. 

Except where popular use d i c ta tes  American un i t s  (e.g., miles per gal lon, 

deg-days Farenheit) we use kilowatt-hours as our standard uni t ;  kWh means fuel  
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or  e l e c t r i c i t y  used i n  end consumption; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkWh 

kWh 

included a t  t h e  r a t e  of approximately zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 kWh l o s t  per kWh 

a r e  metric. 

re fe rs  t o  e l e c t r i c i t y  only, while e 
re fe rs  t o  t o t a l  consumption of energy with e l e c t r i c  conversion losses t 

produced. A l l  tons e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

11. GENERAL OBSERVATIONS REGARDING ENERGY USE AND INTERCOUNTRY COMPARISONS 

1 Many factors  en te r  i n t o  the  determination of t h e  r a t i o  of energy use t o  

GNP. I Among these a r e  energy costs r e l a t i v e  t o  other costs,  government po l i c i es  

including taxes, subsidies and regulat ions, and demographic and cu l tu ra l  

var iaples.  

goods and services.  

fromithe e l a s t i c i t y  coef f ic ients  f o r  t h e  demand f o r  energy with respect t o  a 

s e t  of independent var iables.  

These factors  combine t o  s e t  a pr i ce  f o r  energy r e l a t i v e  t o  other 

Changes i n  energy use can, i n  pr inciple,  be determined 
I 

Although a set of independent var iables i s  d i f f i c u l t  t o  define, it i s  

general ly agreed t h a t  the p r i ce  e l a s t i c i t y  of demand is a meaningful econometric 

quanti ty. The e l a s t i c i t y  of demand e i s  usually defined as t he  percent change 

i n  demand t h a t  occurs when the p r i ce  changes by one percent. 

guish, however, between shor t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArun and long run e l a s t i c i t i e s .  

One must d i s t i n -  

Over a shor t  

period most responses t o  p r i ce  are general ly i ne las t i c ,  i .e . ,  the percentage 

change i n  energy consumption i s  smaller than the percentage change i n  pr ice,  

while on a longer time scale many goods tend t o  be pr ice-e last ic .  

if t h e  cost of res ident ia l  heating r i s e s  substant ia l ly ,  then i n  the shor t  run 

householders w i l l  turn down t h e i r  thermostats s l i g h t l y  and be more careful  with 

vent i la t ion,  e t c . ,  t o  e f f e c t  energy savings; but it i s  only over a long period 

of time t h a t  b e t t e r  insu lat ion and other major energy saving designs, manifested 

primari ly i n  new dwellings, w i l l  produce large energy savings. 

determined long term e l a s t i c i t i e s  are general ly found t o  be substant ia l .  

study of t he  long term e l a s t i c i t y  of e l e c t r i c i t y  i n  the U . S . ,  f o r  example, 

gave e=1 .2  f o r  res iden t ia l  use, e = 1 . 8  f o r  indust r ia l  use, and e = 1 . 4  f o r  

commercial use (12). Recent s tud ies f o r  gasoline indicate the long term 

e l a s t i c i t y  may be as high as 0.75 (13). 

The lfhighff energy/GNP countr ies are those t h a t  h i s t o r i c a l l y  have had cheap energy 

( r e l a t i v e  t o  other goods and services);  the U.S., Canada, Great Bri ta in,  and 

Norway (depending on how one counts the  contr ibution of hydropower) are examples. 

For example, 

Econometrically 

A 

The long run effects of energy pr ices can be seen qua l i t a t i ve l y  i n  Fig. 1. 



5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
25 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
15 

IO 

9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 

7 

6 

5 

I 

us 

W. Germany % 
France 

Japan 

Sweden/ Fro nie  

1950 1955 1960 1965 1970 
Year 

3.0 

2.5 

2.0 

1.5 

a 1.0 ,o 
E 

0.9 

3.8 

3.7 

3.6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3.5 

I975 
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Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 .  The energy/GNP r a t i o  f o r  several countr ies over time, with hydro power 

counted a t  3 kWht/ 1 kWhe. From Linden (l), 
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The countr ies with lower energy/GNP r a t i o s  

I 

I fue l  (poor, especia l ly  s ince World War 11. 

had ample hydropower, t he  country has been 

a re  those t h a t  have been r e l a t i v e l y  

Although Sweden, f o r  example, has 

increasingly dependent on imported 

petroleum. 

both p r ice  and per  cap i ta  consumption very s imi lar  t o  tha t  i n  the U.S. 

fue ls ,  on the  other  hand, have been taxed heavi ly i n  Sweden and consequently 

pe r  capi ta  consumption of these ref ined petroleum products has been far below 

t h e  consumption i n  the U.S. 

countr ies.  

Sweden (comparable t o  U.S. o i l  pr ices) the large amounts demanded f o r  long 

winter heat ing seasons acted i n  place of higher pr ices t o  st imulate conservation 

e f f o r t s  (14-18). 

Consequently e l e c t r i c i t y  has been inexpensive r e l a t i v e  t o  fue1,with 

Motor 

Simi lar  taxes have been, the ru le  i n  o ther  oi l -poor 

Although o i l  f o r  home heating has been re la t i ve l y  inexpensive i n  

One fac to r  o f ten sa id  t o  be of great importance in  determining the  energy/ 

GNP re la t ionship i s  t he  r e l a t i v e  indus t r ia l i za t ion  o r  type of industry i n  a 

country. Certain products a r e  par t i cu la r ly  energy-intensive, including steel, 

aluminum, cement, paper, and p las t i cs .  The e f fec t  of changing the  output mix 

is most not iceable i n  comparing Luxembourg, where the  s t e e l  industry plays a 

dominant ro le  i n  the economic s t ruc tu re ,  with Switzerland, where banking, 

insurance, timepieces and other  items of high value-added per  kWh predominate. 

Luxembourg has an energy/GNP r a t i o  of (51 kWht/$) compared t o  Switzerland's 

(10.3 kWht/$) (10). An earl ier comparison of Great Br i ta in  and New Zealand 

noted a factor  of two between the  energy/GNP r a t i o s  of these countr ies zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(S), 

par t  of which may be a t t r i bu tab le  t o  the degree of wealth based on agr icu l ture 

i n  New Zealand. However, t h i s  e f fec t  i s  usual ly small among indus t r ia l i zed  

nat ions,  as can be seen i f  t h e  percentages of t he  GNP's of  the  countr ies i n  

Fig. 1 i n  the  agr icu l tu ra l ,  indus t r ia l ,  and service sectors  a re  compared. 

agr icu l tu ra l  sectors are  between 3 - 5 %  of t he  to ta l  GNP for most of the countr ies 

considered; i f  any corre la t ion ex i s t s ,  it i s  between energy use and the serv ices 

sec tor ,  which w i l l  be explored fur ther  i n  the  spec i f i c  U.S.-Sweden comparison 

The 

below. 
I I 

The e f fec ts  of cu l tu ra l  and l i f e s t y l e  di f ferences on energy consumption 

a r e  very d i f f i c u l t  t o  quanti fy, but these e f fec ts  a re  c lea r l y  very important. 

Cul tural  pat terns,  although not wholly control led by the  marketplace, may be 

tempered over long periods of time by pr ices  and fue l  ava i l ab i l i t y .  Some of 

the  current in tens ive energy use pat terns i n  the  United Sta tes  and Canada can 

be traced t o  the  ava i l ab i l i t y  of  fue l  wood during the 19th century (19). In  
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1850, f o r  example, with a per capi ta  energy consumption of 30.8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl o3  kWh 

including wood, t h e  U.S. used as much energy per capi ta  as Switzerland does 

today. 

t '  

In comparing r a t i o s  of energy use t o  GNP, several methodological problems 

a r i s e .  

considerable a t ten t i on  (20). In our study we give indicat ions of t he  s t ruc tu re  

of t h e  economy i n  Sweden and i n  the United States,  h ighl ight ing the  di f ferences 

and similarit ies. 

population d is t r ibut ion,  etc., is also important; w e  have made comments on t h i s  

problem where applicable. 

e l e c t r i c  power and of combined e lec t r i c i t y /hea t  generation a re  thought t o  be 

important i n  in ternat ional  comparisons, and are t reated i n  the Appendix. We 

f i nd  t h a t  no matter how one counts hydropower the  di f ference i n  energy use 

between Sweden and the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S. is large, especial ly s ince the  largest  cont rasts  

appear i n  t ransportat ion,  space heating, and process heat appl icat ions.  The 

use of  non-commercial sources of energy, usually considered only when discussing 

l e s s  developed countr ies, a r e  important t o  our work because the paper industry 

i n  Sweden, which accounts f o r  f u l l y  13% of the t o t a l  consumption of energy there,  

ac tua l l y  generates 60% of  i t s  fuel  i n te rna l l y  from waste fo res t  products. 

Together with other waste products, including urban wastes, these non-commercial 

fuels account f o r  9% of  Sweden's t o t a l  fue l  use i n  1971 (21). Final ly, a 

troublesome stat ist ical problem i s  inconsistency between d i f f e ren t  information 

sources; f o r  example, t he  fue l  used by agr icu l tura l  and construction equipment 

could be counted i n  t ransportat ion,  o r  industry, depending on how f igures are 

kept. 

(such as coke gas), non-commercial fue ls ,  consumption of energy by energy 

producers, and so f o r th  must be careful ly sorted out. 

we have resolved these various problems t o  the point  t h a t  t he  remaining errors  

are only a few percent. 

Comparing the  s ize  and content of the gross nat ional  product has received 

Accounting fo r  dif ferences i n  climate, geographic factors ,  

The problem of counting the contr ibutions of  hydro- 

Simi lar ly self-generated e l e c t r i c i t y ,  d i s t r i c t  heating, by-product fue ls  

In t h i s  paper w e  believe 
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Table 1. Basic economic and soc ia l  indicators f o r  t he  U.S. 
and Sweden (1971).a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

U.S. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASweden 
Physical Character i  s t i cs : 

Population (mil 1 ion) 

People/sq m i  

C 1  imate-heating 
(deg-day/yr(68OF)) 

Economic A c t i v i t y :  
GDP (current $/capita) 

Energy consumption 
(kWh /capi ta)  

Steel  (kg/capita) 

Cement (kg/ c ap i  t a) 

F e r t i l i z e r  (kglcapi t a )  

Paper (kg/capita) 

Food (pe r  day): 

kcalor ies/capi ta 3,300 

Protein (g/capita) 99 

Cereals (g/capita) 176 

Meat (g/capita) 3 10 

Health, Education: 

Doctors/1000 persons 1.5 

Dentists/1000 persons 0.49 

Hospital beds/1000 b i r t h s  7.8 

Infant deaths/ 1000 b i r t h s  19 

Teachers/1000 students 34 

Newspaper copies/1000 persons 30 1 

Books published/1000 persons 0.39 

207 

57 

8.1 

47 

5,500 9,200 

5,051 

96,000 

620 

34 2 

105 

224 

4,438 

52,450 

68 0 

4 30 

67 

540 

Conveniences : 

Tel ephones /capi t  a 

Television sets /capi ta  

Autos/capita 

Passenger-miles/capita (1970) 

Re f r i ge ra t o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs 
(% saturat ion of  households) 

0.59 

0.45 

0.45 

7,900 

100 

2,850 

80 

168 

142 

1.35 

0.72 

15 

11.1 

60 

5 34 

0.94 

0.56 

0.32 

0.3 

5,050 

93 

I 
I 
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(Table 1. continued1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

~- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
U.S.  

28 Freezers (% saturation 
of households) 

Clothes washers 
(% saturation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof households) 

Vacuum cleaners (% saturation 
of households) 

76 

88 

Sweden 

46 

41 

89 

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

We take t h e  years 1970-1972 as our comparison period, because complete 

data a r e  avai lable and because energy pr ices and use trends were r e l a t i v e l y  

s t a b l e  compared t o  t he  post embargo period. Where appropriate we used data 

from other years. 

was s l i g h t l y  higher i n  1970, from which our Swedish industry stat ist ics were 
taken. 

Crowns (skr) per do l lar .  

s tab i l i zed  a t  4.38 sk r /$ in  1975 (22,23). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

1971was a mild recession year f o r  Sweden; t o t a l  energy use 

Unless otherwise noted we use the old exchange rate of 5.18 Swedish 

This r a t e  was as low as 3.92 skr/$ i n  1973 and has 

In Table 1 we compare physical character is t ics ,  economic a c t i v i t y ,  and 

various measures of well-being i n  t h e  U.S. and Sweden. Although the populations 

d i f f e r  by a factor  of 25, the  population densi t ies are similar, as is the 

d i s t r i bu t i on  i n to  f a i r l y  populated urban centers and sparsely populated ru ra l  

regions. 

and is more advanced i n  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S., although there are signs of  such a t rend i n  
Sweden (25,263. 

the U.S., although i n  Sweden much of the lumber, i ron ore, and e l e c t r i c  power 

flows from the sparsely populated f a r  north t o  the more crowded south. 

climate i n  Sweden is more severe than i n  the U.S., i n  the sense t h a t  t he  number 

of  degree days (based on 68°F) i s  far larger,  varying from 7700 i n  the extreme 

south t o  over 12,000 i n  Norrland (17). 

number of degree days, weighted by population d is t r ibut ion,  is close t o  9200 

i n  Sweden, thus comparable t o  North Dakota, while the  weighted U.S. average is 

approximately 5500 degree days (27). 

per cap i ta  than Sweden zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(22-24) a t  t he  then current exchange r a t e s  (see Table 1). 

The s t r i k i n g  dif ference, however, i s  the fact t h a t  f o r  each do l l a r  of GNP Sweden 

required only 60% (1971) as much energy as t he  United States. 

enefgy content of non-fuel imports and exports (see following) reduces the 1971 
Swedish f igure t o  55%. Despite the  lower energy use w e  note tha t  the t o t a l  per 

capi ta  production of basic indust r ia l  commodities i s  qui te  comparable i n  Sweden 

and t h e  United States.  

Table 1 , food intake i s  similar, with Americans cha rac te r i s t i ca l l y  eat ing 

considerably more meat (about twice the  Swedish per capi ta  consumption), which 
per  gram of protein is more energy-intensive than most other foods. In  heal th  

Movement t o  t h e  suburbs, fostered by the automobile,started e a r l i e r  

The natura l  distances over which goods must move i s  l a rge r  i n  

The 

We have estimated t h a t  t he  average 

Economic a c t i v i t y  indicates t h a t  i n  1971 the  U.S. had a 10% higher GNP 

Subtracting the  

Basic well-being is d i f f i c u l t  t o  compare quant i tat ively.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAs seen i n  
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and education, Sweden leads t h e  U.S. i n  almost a l l  categories. 

hensive heal th and soc ia l  secur i ty  system i n  Sweden is examined t h i s  dif ference 

is even more s t r ik ing.  

When the compre- 

The large number of autos and TV's i n  the United S ta tes  is accounted f o r  

mainly by mult i-unit  ownership by famil ies. Transportation convenience i s ,  i n  

f a c t ,  qu i te  comparable, because public t ransportat ion i s  more read i l l y  avai lable 

i n  Sweden, while domestic distances a r e  general ly smaller. 

developed a very popular charter a i r  t r ave l  system t h a t  provides low cost  

packaged tours t o  most of t h e  popular t o u r i s t  spots i n  southern Europe and 

Afr ica, 

Americans, and most of t he  population enjoys four weeks of paid vacation each 

year. 

t a t i v e l y  i n  Sweden and the  U.S., but the mix i s  substant ia l ly  d i f f e ren t ,  empha- 

s i z ing  somewhat less energy-intensive economic a c t i v i t i e s  and l i f e  s t y l e s  i n  Sweden. 

Sweden has a l so  

Swedes have far more second homes (500,000 i n  a l l )  per capi ta  than 

Thus we conclude t h a t  t h e  l i v i ng  standards a r e  qui te  comparable quanti- 

I V .  COMPARISON OF ENERGY USE I N  THE UNITED STATES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND SWEDEN 

In Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 we compare energy use i n  the U.S. and Sweden. This t a b l e  i s  

f u r the r  amplif ied i n  Figs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 and 3 ,  i n  which t h e  flows of  fuel  t o  each end use 

sec to r  a r e  shown. 

dif ference being i n  the t ransportat ion sector .  

exis t  i n  basic materials processing i n  the  i ndus t r i a l  sector ,  and i n  e l e c t r i c i t y  

use i n  the  res iden t ia l  and commercial sec to r ,  We s h a l l  examine these dif ferences 

i n  greater  d e t a i l  below. 

use zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= CJEJDJ = CE;D; = ETJ, where the DJ are t he  f i n a l  d o l l a r  demands f o r  goods 

and services,  and the EJ a r e  the  energy in tens i t i es  of those demands; or, i n  

physical terms, the D; are t he  quant i t ies  of goods and services,  and the  E; 

the energy i n t e n s i t i e s  associated with those quant i t ies .  

( the DJ o r  D;) and the  ef f ic iency of those modes (EJ)-' o r  (E;)-' can be compared 

among countr ies. 

less energy intensive D 

production of a given DJ. 

of U.S. -Swedish energy use t o  follow. 

the  comparison of energy ef f ic ienc ies,  because demographic dif ferences affect 

Sweden uses less energy per capi ta  i n  a l l  sectors,  the largest  

Considerable di f ferences a l so  

A useful formula t h a t  summarizes the  uses of energy (TJts) is :  energy 

When data a re  disaggregated i n  t h i s  way, both the  r e l a t i v e  mix of  modes 

Energy use i n  t he  economy can be lowered both by shifting t o  

and/or by increasing the ef f ic iency (lower EJ) of 
J 

We s h a l l  use t h i s  formalism i n  the  spec i f i c  comparison 

The above equation, however, can d i s t o r t  
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APPROXIMATE FLOW OF ENERGY THROUGH 
THE UNITED STATES ECONOMY, 1971 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Fig. 2. Energy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf low diagram for the U . S .  All 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 kWh per capita) and feedstocks. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA~ 

1 
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'Oiroct and indian. including non induitr i i l  wos 
such as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlnntponnion. m s t ~ u c l i o n .  ell. Iron I.P.U.. 1074 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABased on ~ngpannef2iraningon. 1971 

Fipuros in piranthisir zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAii MWHICAP. 

Fig. 3.  Energy 

f igures  i n  

calculated 

XBL7512.9182 

9 
flow diagram for  Sweden, 1971, Figures are i n  TWh ( = 10 kWh); 

parentheses a r e  MWh per cap i ta  f igures,  "With Lossest1 f igures 

by assuming 1 .6  kWht/kWhe. Import/export v ia  t rade from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEPU 

(16) (excluding the  energy cost  of ref ined imported products, shown i n  the  

lower r i g h t  hand corner). Other data from IVA (21 ) .  Figure based on one drawn 

by hgpannefsreningen (31). Note the losses i n  hydropower. 
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Table 2 .  Energy consumption i n  kWh/capita f o r  U.S. and Sweden i n  1971. 

United Statesa 

kWh kwhe kWhtC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

Transportation 24,025 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA25 24,075 

Commercial 9,600 2,150 14,250 

Residential 13,500 2,300 18,450 

Industry 28,900 3,300 36,000 

Feedstocks 5 , 600 -- 5,600 
U t i l i t y  losses 14,200 
(actual) 

d 
-- -- 

Actual zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe ~ 

consumption 95,825 7,775; 98,375 

f .  1,8009 -- 1 , 800 
Energy embodied 
i n  f o r e i m  trade 

Net Consumption zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 97,625 7,775 100,175 

Swedenb 

kWh kWh, kWhtC 

7,350 200 7,77s 

7,375 1,500 10,625 

150 11,125 1,400 

20,400 4,200 14,150 

2,500 -- 2,500 

3,700 

52,450 7,300 63,600 

"- -4  , 600 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh -4 , 600 

48,150 7,300 59,000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
U.S. 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 capi ta  i n  wood wastes (SRI, ref. (30a)). Totals i n  kWh and kWh, 
columns do not agree because of dif ference i n  counting hydropower. 

a 

bSwedish data from EPU (16) , IVA (21) , and hgpannef. (31), with feedstocks 
Includes 4,000 kWh per capi ta  wood estimated from SOS (32) and EPK (33). 

wastes. 

kWht calculated by d i s t r i bu t i ng  u t i l i t y  losses to end consumers. 
consumption i n  e l e c t r i c a l  sectors counted i n  Tndustry". 
for  U.S. includes hydropower a t  10,460 Btu/kWhe; kWht column fo r  Sweden 
counts a l l  e l e c t r i c i t y  at  10,400 Btu/kWhe. 
and back-pressure p lants  i n  Sweden has 8,870 Btu/kWhe, including d i s t r i -  
bution losses, and 7,780 Btu/kWh 
i n  paper industry excluded from $his column. 

Hydropower counted a t  3,413 Btu/kWhe i n  kWh column. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c l lSelf l l  

kWht column 

Actual "heat rate" f o r  thermal 

for  production only, Go-generated e l e c t r i c i t y  

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

'Actual consumption refers t o  fue l s  and e l e c t r i c i t y  including petroleum 

fEmbodied energy includes the process energy of ref ined fuels but not t he  

9Import-export energy balance f o r  t h e  U.S. from Herendeen and Bullard (35) 

h tpo r t -expor t  energy balance f o r  Sweden from EPU (16). 

Exports of coal, crude or  ref ined products a r e  excluded from t h i s  balance. i 

They are shown i n  Figs. 2 and 3 .  

re f in ing losses and other  captive fuels.  

energy avai lable when the  fue l  i s  burned. 
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the amount o f  energy required t o  f u l f i l l  a given need (say, res ident ia l  heating), 

thus af fect ing the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADJ as well as t h e  EJ. 

the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU . S .  -Sweden energy comparison. 

ind icate p o s s i b i l i t i e s  for  energy conservation v ia  technical change, without 

requir ing changes i n  l i f e s t y l e .  

These factors are a lso  considered i n  
The dif ferences i n  EJ’s between countr ies 

A .  Transportation 

In Table 3 we display basic passenger t ransportat ion data f o r  Sweden and 

It can be seen immediately t h a t  major dif ferences e x i s t  i n  the United States.  

a l l  modes. In addit ion t o  the s t r i k i ng  dif ferences i n  automobile D’, E’, and 

T, w e  note t h a t  Swedish passenger t ransportat ion is more heavi ly concentraied 

i n  ra i l  ( including subway) and bus modes, a t  t he  expense of the auto and the 

a i rp lane.  

E;”. 

and bus char ters .  

Signi f icant ly,  a l l  Swedish E;’s are lower than the corresponding U.S.  

This i s  due i n  pa r t  t o  higher load factors  and the  extensive use of a i r  

In Table 4 we consider t h e  automobile i n  more d e t a i l .  We see t h a t  t he  

Swedish D’ is only 62% of t he  U.S. f igure,  and E’, measured i n  kWh/pass-mi o r  

gallons/pass-mi i s  only 60% of t he  U.S. f igure.  The biggest contr ibutor t o  

ef f ic iency is t h e  lower weight of Swedish autos, compared t o  American counter- 

p a r t s .  

f o r  t h e  United States t h e  average weight is 1700 kg (3740 l b ) .  

d i s t r i bu t i ons  are given i n  Fig. 4 (43-45). 

fuel  consumption versus i ner t ia l  weight suggests t h a t  t h i s  di f ference alone 

reduces energy consumption per m i l e  by 30% (43). The lack of power ext ras,  

automatic transmissions, and air  condit ioners reduces fue l  demand fu r the r ,  as 

does the lower r a t i o  of engine displacement t o  car weight of Swedish autos. 

The average weight of a car used i n  Sweden i s  1100 kg (2420 l b ) ,  whereas 

The weight 

Interpolat ing EPA measurements of 

Beyond these technical dif ferences i n  automobiles, however, a re  more 

sub t le  di f ferences i n  auto u t i l i z a t i o n  t h a t  have s ign i f i can t  consequences. 

For t r i p s  of 10 km o r  l ess ,  i n  which auto fue l  consumption is nearly double 

t h e  average (47), t h e  Swedes use pr i va te  cars and publ ic t r a n s i t  i n  t he  r a t i o  

55/45 (%‘of  t r i p s )  (45). In the  U . S . ,  by contrast ,  the r a t i o  is 90/10 (FHWA, 

unpublished data).  This t raf f ic  accounts f o r  65% of  a l l  auto t r i ps  i n  the U.S . ,  

resu l t i ng  i n  lower average driving cycle ef f ic ienc ies.  Thus it becomes apparent 

why actual  miles-per-gallon i n  Sweden are higher than predicted by the  EPA (43): 

t he  dr iv ing cycle demands less energy, 

countr ies average approximately two. 

Surprisingly, load factors  i n  both 

Probably the reason the Swedish value 
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Table 3. Passenger t ransportat ion r'ata f o r  U.S. and Sweden." 

I United S ta tes  (1972) Sweden (1970) 

Passen%= Mode (pass-mi/ D; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(kWh/ E; TJ D; E; TJ 
(kWh' (pass-mi/ (kWh/pass (kWh/ 

capi ta  mi) capi ta)  
capi ta)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I , 
capi ta)  pass 

m i )  

Autoe 

< 30 m i  

> 30 m i  

Total 

B usd 

4,850 

4,200 

9,050 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( 1 9 7 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 , 9 0 0  

1.72 

1.02 

1.41 
1 - 4 1  

8,330 

4,300 

12,630 
11 ,2003  

1,825 

3,225 

5,050 

-- 
3,760 .74 

Local < 30 m i  

I n t e r c i t y  > 30 m i  
I 

Rail" 
Local ,< 30 m i  

I n t e r c i t y  > 30 m i  

Total Land 

112 

122 

.50 

.30 

56 

42 460 25 I .41 200 

f .21  (. 63) 

.87 

.16( .48) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf 

.25( .75f 

64 

21.3 

13.7 

18.6 

85 

356 

15 

90 

9,370 1.36 12,760 4,065 5,975 .68 

Air Dohes t i  c 490 3 

Air Internationalg 243(?) 1.38(?) 

I, 500 

335 

275 (?) 

Other Passenger, 
Mi 1 i t a r y  1,500 ? 200 -- 

I 
Total Passenger 10,103 4,540 -- 16,095 6,221 -- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a 

bDivision i n to  urban (within areas of  population 30,000) and i n t e r c i t y  (from ref. 

Sources: f o r  U.S. data (36), (37), and (38); far Swedish data (40), (33), and (41). 

(41)) do not exactly correspond t o  our c lass i f i ca t i on  by loca l  (30 miles) and 
i n t e r c i t y .  

Ref. (36) gives 1969 load factors  t h a t  imply an overal l  load fac to r  f o r  automobiles 
of 1.7, which seems unreasonably low. Refs. (37) and (38) imply load factors  of  
2.2,  while r e f .  (42) assumes a load factor  of 1.9, which we adopt. 
similar discrepancy i n  t he  Swedish data, most references giving an implied overa l l  
load fac to r  of 2 ,  with one reference giving 1.7. We adopt 2, since the dr iv ing i n  
Sweden is dominated by family dr iv ing t o  a greater  degree than i n  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S.  
load fac to r  is defined as t he  r a t i o  of passenger miles t o  vehic le miles.) 

U.S. bus f l e e t  is 75% d iese l ,  Swedish bus f l e e t  i s  10% e l e c t r i c ,  t h e  remainder 
e i t h e r  d iesel  o r  gasoline. 

Local l ra i l  service i n  t h e  U.S.  is e l e c t r i c ,  i n t e r c i t y  i s  75% diesel ,  t he  rest 
e l e c t r i c .  

theoret ica l  3 kWht/kWhe 

C 

There was a 

(The 

d zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 

In Sweden 90% of r a i l  service is electric, t h e  remainder d iesel .  

fE lec t r i c i t y  figures are ne t ,  and the E j  i n  parentheses reflect a 

gThe f igures for  internat ional  fuel  and passenger miles are uncertain. 

-, 
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Table 4. Automobile data f o r  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S. and Sweden (1970). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(Conversions used: 1 U . S .  gal zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 33.75 kWh; 1 mi = 1.6 km.) 

U.S. Refs. Sweden Refs. 

Persons/vehicle 2.25 

Licensed dr ivers/capi ta 0.8 

Pas s - m i  / cap i t a 7,900 

Vehic 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe mi/capi t a" 

Mi/vehicle 

Load factor  

Average weight (kg) 

Miles per gallon 
Actual 

Theoretical zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAb 

kWh/pass-mi 

kWh /capi ta 

4,160 

9,360 

1.9 

1,900 

13.7 

12.5 

1.4 

11,200 

(37 , 43) 

3 . 4  

0.4 

5,050 

2,560 

8,900 

2.0 

1,100 

24 

20 

0.73 

3,710 

(43-45) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a The surpr is ing s im i la r i t y  of miles d r i venperca r  suggests tha t  i n  Sweden 

second cars a r e  replaced by mass t r a n s i t ,  and a s ign i f icant  number of 
families have no car  a t  a l l .  

bTheoretical miles-per-gallon i s  estimated from the  weight-fuel economic 

Swedish theoret ica l  value (24 mpg) from Ull6n 
stat ist ics of the  EPA. 
driven by fuel consumed. 
(44) matches actual  f o r  Sweden. 

A c t u a l  i s  determined by dividing actual  miles 
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i s  as low as i n  the U.S. i s  t h a t  t he  smaller famil ies i n  Sweden compensate for  

t h a t  country's higher family use r e l a t i v e  t o  commuter use. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A f ac to r  reducing Swedish automobile energy use fur ther  i s  t h a t  t he  speed 

l i m i t  was as high as 110 km/hr (68 mph) on only about 10% of the l a rges t  highways, 

with a 90 km/hr o r  lower (55 mph) l i m i t  on the remaining 90% of the main highways. 

This i s  i n  contrast  t o  the U.S., where highway speed limits were commonly 65 

mph (or greater)  i n  1971. 

The a v a i l a b i l i t y  and use of  mass t ransportat ion i n  loca l  and long distance 

t rave l  i s  an important f ac to r  i n  the optimization of t he  use of t he  auto discussed 

above (25,26). 

of  Sweden's population, mass t r a n s i t ,  motor bikes and pedal bikes account f o r  

75% of a l l  commuting (41). 

t r a n s i t  provides hal f  of t h i s ,  mostly i n  the above named c i t i e s .  

c i t ies of over 50,000 people i n  Sweden have bus systems reinforced by important 

economic incentives, including subsidies, t h a t  encourage use by r i de rs  going 

i n to  the c i t y  center.  

t i c k e t  f o r  t he  p r i ce  of a s ing le fare by using the s t r e e t  cars and buses a t  

off-peak daytime hours; i n  Stockholm and other c i t i e s  a 50 s k r  (now 70 skr) pass 

allows unlimited transportat ion on a l l  ra i l  and bus l i n e s .  

c lose as four minutes apart  during peak hours, and rapid ra i l  and buses provide 

d i r e c t  service t o  locales as much as 40 km from t h e  c i t y  centers. 

c i t y  o r  suburban dweller i n  Sweden, mass t r a n s i t  presents a viable and economic 

a l t e r n a t i v e  t o  the use of an automobile, and development of suburbs and new 

towns around ra i l  and bus s ta t i ons  r e f l e c t s  the populari ty o f  mass transpor- 

t a t i on .  For longer t r i p s ,  a l t e rna t i ves  t o  auto t ransport  i n  Sweden a re  a lso 

avai lab le.  I n te r - c i t y  buses, semi-charter buses, and t ra ins carry  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20% of the  

passenger miles i n  t r i p s  over 50 km. 

between Malm;, Gothenburg, and Stockholm during day and ear ly  evening hours, 

t rave l i ng  a t  average speeds of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 0 -  100 kmlhr. 

discourage use of automobile t r a n s i t  i n  Sweden. In Stockholm no 24-hour f ree  

s t r e e t  parking ex i s t s  i n  t h e  greater  downtown area and parking f i nes  begin a t  

$12.50. 

s t r e e t s ,  mass t rans i t -on ly  lanes or passage ways, and pedestrian-only s t r e e t s  

t h a t  f u r the r  discourage the  use of the auto. 

some o f  t h e  gains made against t he  auto have been gradually eroded. 

In Stockholm, Gothenburg, and Malm;, representing more than 25% 

The f igure for  the e n t i r e  country i s  46%. Mass 

Most of t he  

In Gothenburg, f o r  example, one can obtain a round t r i p  

Buses a r e  of ten as 

Thus t o  the 

Swedish Railways o f fe rs  hourly departures 

We should not omit, however,discussion of some of t h e  discentives t h a t  

Both Stockholm and Gothenburg have s e t  up systems of ba r r i e rs ,  one way 

I t  has been noted (25,26) t h a t  
\ 

Nevertheless, 
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the  auto 's  share of a l l  passenger miles has s tab i l i zed  at  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA82% i n  Sweden (33) ;  

t h e  U.S.  f igure i s  92% (38). 

Sweden. 

70Q/igallon (23 ,48 ) .  Automobile excise taxes and year ly fees  r i se  i n  proport ion 

t o  vehicle weight with the  formula shown i n  Fig. 5. 

inf luence owners t o  purchase l i g h t  cars ,  as the  lack of cars above 1600 kg ( the 

U.S. average) shows (Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ) .  In addi t ion,  the excise taxes r a i s e  the  cost  o f  

a new car r e l a t i v e  t o  the cost  of maintenance, making it more worthwhile i n  

Sweden zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( v i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvis the U.S.) t o  keep an o lder  car i n  running condit ion. The 

average ca r  i n  Sweden has a l i fe t ime of about 14 years compared t o  a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S. l i fe-  

time of l ess  than 10 years.  

capilta energy use i s  associated with distances through which goods are  moved. 

A l esser ,  though st i l l  important, fzictor is t he  energy in tens i ty  of f re igh t  

movement. 

important factors  can be ident i f ied .  

are not prohibi ted from hauling f re igh t  on return t r i p s .  

wagons and four cyl inder microbuses o r  d iese l  mini-trucks are  used extensively 

fo r  ,short hauls i n  Sweden, i n  contrast  t o  the  heavier pickup o r  panel t rucks 

used i n  the U . S . ,  thus more closely matching mode and vehic le t o  the  demands 

of  t h e  task.  Much of t h e  dif ference in  f re igh t  miles would be accounted f o r  

by shipments of Swedish exports of raw materials through other  countr ies,  exports 

t h a t  far outweigh ( l i t e r a l l y )  imports. 

Also, coal and other  fue ls  a r e  t ransported over much greater  distances i n  the  

U.S ./ than a r e  fue ls  i n  Sweden. 

where t h i s  cons t i tu tes  a s ign i f i can t  f rac t ion  of what corresponds t o  domestic 

t rave l  i n  the  U.S., may d i s t o r t  comparative energy use analysis.  

pa r t i cu la r l y  t rue  of a i r  t rave l .  

Sweden with anywhere stops i n  Copenhagen, where most o f  t he  fuel f o r  the  t r i p  

i s  put aboard. 

h i&  (8), while t h a t  f o r  Sweden i s  low (16). 

passenger miles when foreign v i s i t o r s  t rave l  t o  or  within a country. 

of these uncer ta in t ies we have refrained from drawing conclusions from t he  great  

di f ferences i n  E' ( a i r  passenger t rave l )  seen i n  Table 3 ,  

The tax  system has contr ibuted strongly t o  the control  of the  auto i n  

In 1971, the  gasol ine tax of 50#/gallon ra ised the  price by 250% t o  

These fue l  and weight taxes 

I For f re ight  t ransport ,  given i n  Table 5, t he  la rges t  di f ference i n  per  

Although a complete study of e f f ic iency is yet  t o  be made, some 

Among these we note t h a t  Swedish trucks 

Also, small s ta t i on  

These a re  not counted i n  our study. 

I Energy used in  foreign passenger t rave l ,  par t i cu la r ly  i n  European countr ies 

This is 

Nearly every passenger f l i g h t  connecting 

Thus Danish fuel  i n tens i t y  per  air passenger mile i s  abnormally 

I t  is a lso  d i f f i c u l t  t o  c r e d i t  

Because 
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Table 5. Goods transportat ion data f o r  the U.S. and Sweden.a 

United S ta tes  (1972) Sweden (1970) 

DJ EJ TJ DJ EJ TJ 
(ton-mi/ (kWh/ (kWh/ (ton-mi/ (kWh/ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(kWh/ 
capita) ton-mi) capi ta)  capi ta)  ton-mi) capi ta)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 

Truck 
Local (0-30 m i )  

I n t e r c i t y  (> 30 mi) 

Total truck 

360 . 

2069 

339 0.58 200 1.95 700 

0.63 1430 

0.88 2130 
- 1100 

1300 
- 1284 0.86 

1623 0.8 2429 

4132 

20 

1350 0.6(.18)b 80 Rail 0.19 

7.5 

800 

150 Domestic Air -- 
Water 
Dome st i c  190 704 0.3 

Internat ional  

Total goods 6585 

Non-revenue goods 
transport (ag r i  c. 
forestry,  construc., 
e tc .  ) 

1850 -- 470 

2 ooc 

120c - 
6230 

P i  pel i ne 

Other 930 

Totals 4570 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-r 

Sources: 
Swedish data from (40), and EPU (16), with the breakdown for truck by distance 
based on the 1973 d is t r i bu t i on .  

Figure i n  parentheses r e f l e c t s  3 kWht/kWhe conversion factor .  

1971 data. 

U.S. data from Knecht and Bullard (30), FEA (39), and BNL (30b). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 I ”  
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B. Residential and Commercial Energy Use 

A comparison of energy use i n  the res iden t ia l  and commercial sectors  i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

given i n  Table 6. 

i n  m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAst categories, a f u l l  appreciat ion of t h e  dif ferences are only obtained by 

Space heating, consuming over one hal f  of t h e  t o t a l  (Table 7 ) ,  shows very 

exam'ning the D"s and E ' I s  separately. 

large dif ferences i n  ef f ic iency,  when account i s  taken of t he  d i f f e r i ng  climates 

Although the  per capita consumption i s  s ign i f i can t l y  lower zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 J J 

and the actual  energy use per square foot of res iden t ia l  or  commercial space. 

The larger  number of degree days i n  Sweden i s  compensated f o r  by considerably 
2 

lower heating i n tens i t y  (kWh/deg-day m ) .  

homes and apartments showed t h a t  U-values for heat loss have declined s tead i l y  

t o  a typical value of .06 Btu/hr f t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-OF).  One can almost guess t h e  year of 

construction of a residence i n  Sweden by the U-values, the s c a t t e r  from the 

average value f o r  any year of bui lding being very low (16). 

addi t ional  factors  have acted, v i a  s t r ingent  bui lding codes, t o  permit only 

energy e f f i c i e n t  (and economic) construction i n  housing (52). In contrast ,  

U.S. U-values have been s e t  mainly by a weak FHA minimum property standard, 

which before 1971 was 0.12 Btu/hr-ft2-"F f o r  ce i l ings and 0.19 Btu/hr-ft2-OF 

f o r  walls ( 5 0 ) .  TheU.S.-Swedish r a t i o  of U-values of 2 i s  nearly equal 

t o  the  average r a t i o  of heating i n t e n s i t i e s .  By implication, the Swedish 

houses a l so  have correspondingly less i n f i l t r a t i o n  and heat l oss  through 

glass,by use of storm windows and double glazing, t o  maintain the  overa l l  

r a t i o  (17) .  

t he  more severe climate, t h i s  i s  not the  primary reason, as seen i n  Table 7 

where wepresent t h e  heating i n tens i t y  i n  various regions i n  t he  U.S. and Sweden, 

so t h a t  i n tens i t y  a t  a given number of degree-days can be compared. 

there i s  l i t t l e  overlap between the U.S. and Swedish degree-day values, t he  p l o t s  

of i n tens i t y  (kWh/m -deg-day) versus degree-days c lea r l y  l i e  on d i f f e ren t  cinves 

f o r  Sweden and the U.S. The Swedish values a re  a lso nearly independent of 

degree days, re f l ec t i ng  the central ized standards, probably indicat ing t h a t  

before the  embargo the standards were su f f i c i en t l y  high t h a t  there was l i t t l e  

economic incentive, even i n  the extreme north, to exceed these standards. 

A study of insu lat ion i n  Swedish 

2 

This indicates t h a t  
1 

Although t h e  lower heat loss i n  Swedish houses i s  i n  pa r t  a response t o  

Although 

2 

In Sweden the mix of s ingle family dwellings (SFD) 42% and apartments 

(MFD) 58%, i s  considerably d i f ferent  from t h a t  i n  the U.S. where i n  1970 71% 

were SFD and 29% MFD. However, t h i s  dif ference does not account f o r  much of 
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Table 6. Per capi ta  res ident ia l  and commercial energy use i n  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAW.S. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-7 

and Sweden (1972). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 
.) 

U.S.a Sweden' 

Res i dent i  a1 : 

Direct fue l  (kwh) 

Heating 

Water heat ing 

Gas appliances 

Second homes 

E lec t r i c i t y  (kwh,) 

Re f r i ge r a  t o r and stove 

Lighting 

A i r  condit ioning 

Other appliances 

Heating 

Water heat ing 

District heat ing saving 

9,660 

1,950 

630 

-- 

610 

3 35 

30 0 

590 

5 00 

Total ne t  use (kWh) 14,855 

Elec t r i c  conversion loss a t  U.S. ra tee 5,230 

Total gross use (kwht) 
(with actual  

Commerci a1 : 

Floor space (m2) 

Direct fue l  (kwh) 

Space heat 

Water heat 

A i r  Conditioning 

20,085 
( -- 1 

10 

5,625 

790 

2 00 

8,200 

3,300 

1125 

300 

5 30 

105 

-- 
475 

400' 

d 1.300 

12,3.35 

3 020 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2- 

15,1.35 
(12 , 820) 

1 Jf 

Elec t r i c i t y  (kWhe) 
,- - A i r  Conditioning 205 

Lighting 1,250 625 

1,1075 Elec t r i c  heat  and other  310 
Total ne t  use (kwh) 8,380 6,500 

3,530 3,200 e Elec t r i c  conversion loss  
Total gross use (kWh) 11,910 . 9,700 

-- 

(with actual  losses)@ ( - -  1 (7 , 280) 
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(Table 6 continued zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-- footnotes) 

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

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

le , Includes hot water i n  a l l - e l e c t r i c  homes, and second homes. 
I 
@See Appendix f o r  explanation and deta i led calculat ion.  ' res iden t ia l  sector f o r  convenience. 

Assigned t o  

Losses counted at U.S. r a t e  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 kWht/kWh le 

' comparison, as i n  Table 2. 
I re f lected i n  t o t a l  column i n  parentheses. 

~fThis  value i s  obtained from t h e  volume of commercial o f f i ce  space 
l (Ref. (16)) by assuming a 4-meter room height. 

f o r  purposes of uniform 
Actual SwedisR losses (0.46 kWht/kWhe) 



25 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t he  increased heating ef f ic iency,  as t h e  kWh/m2 was only s l i g h t l y  lower i n  

Swedish apartments than i n  s ing le family dwellings, and the  kWh/cap was al.so 

very similar, due t o  the  higher number of people per house i n  SFD. 

common metering of a l l  uni ts  i n  a building removed t h e  incentive t o  conserve, 

ra i s ing  both temperature and hot water use (41). 

In apartments 

E lec t r i c  heating i n  Sweden was increasing rapidly,  as was U.S. growth, 

u n t i l  t h e  embargo o f  1973 caused a re-evaluation of the overa l l  ef fect iveness 

of such systems. In 1972, 7% of Swedish homes (15% of  SFD) were heated elec- 

t r i c a l l y ,  similar t o  the 8% i n  the United States,  but much l e s s  than the approx- 

imately 20% i n  Norway, where hydroelectr ic i ty i s  the l a rges t  s ing le contr ibutor 

t o  the t o t a l  energy supply. 

of two-thirds of t h e  average of o i l  heated homes considered i n  Table 7 (1'7). 

Swedish a l l - e l e c t r i c  homes have typ ica l  heat losses 

In  the  commercial sector ,  overal l  energy use per square meter of space 

may be as much as 30% lower i n  Sweden than i n  the U.S. (16), even before the 

di f ference i n  heating degree-days i s  considered. 

measured i n  kWh/m2-deg-day i s  approximately 2.5 times lower than i n  the U.S.  

We a t t r i b u t e  t h i s  mainly t o  the  same dif ferences i n  insulat ion,  vent i la t ion,  

and construction standards t h a t  applied t o  t h e  res iden t ia l  sector ,  but fur ther  

confirmation of t h e  reasons for  t h i s  di f ference should be made. 

consumed i n  the commercial sector  is reduced fur ther  by more real ist ic l i gh t i ng  

standards, which a l s o  lowers t h e  need f o r  cooling. 

i n  the U.S., Swedish o f f i ce  buildings do not require a i r  conditioning i n  winter t o  

remove t h e  heat  produced by high l ight ing leve ls . )  

The heating in tens i ty ,  when 

The energy 

(Unlike many large bui ldings 

In Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 the important res iden t ia l  and commercial uses of  e l e c t r i c i t y  

Higher U.S. energy use a r i s e s  primari ly from a combination are a lso  compared. 

of factors :  

"frost-free" re f r i ge ra to rs ;  excess l ight ing;  and more small applicances zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1[53,54). 

A i r  conditioning is conspicuously absent from Swedish e l e c t r i c i t y  use, but accounts 

i n  t h e  United States f o r  only 12% of e l e c t r i c i t y  used i n  the res iden t ia l  and the  

commercial sectors,  and only 3% of our t o t a l  energy use. 

s ign i f i can t l y  more use of l a rge r  appliances l i k e  dryers; large 

Water heating, another major energy user, requires t yp i ca l l y  6200 k a t  

per household i n  apartments (central  water heating) and 10,500 kWht per household 

f o r  s ing le family dwellings i n  Sweden, while t h e  corresponding U.S. f igures are 
9,600 kWht per apartment and 11,500 kWht per s ing le family dwelling. Much of  t he  

hot water i n  Sweden i s  prepared i n  central ized systems, el iminating some of the 

convection and rad iat ion losses of American s ing le un i t  water heaters.  On the 
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?'able 7.  Residential space energy consumption (fossil fuels only) and 
heating efficiencies by climatic regions for the U.S. and Sweden. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

li zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- - 
b 

Sweden 
a 

1 

u,s. 
- 

I 

- 
M F D ~  S F D ~  

Energy Consumption: 

Persdns/housing unit 

Rooms/housing unit 

Per sdns/room 

Ave. ,area (m ) 

Degree days zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(68'F) 

kwh/ hous ing uni t 
7 

kWh/m 

kWhl4eg-daY 
2 

kWh/m deg-daY 

I 

2 

kWh/capit" 

3.3 

5.1 

0.66 

115 

5500 

34,000 

300 

6.2 

0.054 

9150 

2 . 1  

3 . 2  

70 

16,350 

235 

1.77 

0.027 

3 

4.5 

0.66 

9200 

28,750 

260 

3.10 

0.028 

8200 

110 

Heating Efficiency by Climatic Regions: 

f u.s.e Sweden _. 

Calif. Penn. Minn. Malm: Stockholm Norrbott en 

I 

Degree-days (68°F) 

kWh /m deg-day 
2 

1900 5500 8500 7700 9200 13,000 

0.028 0.027 0.026 0.11 0.063 0.049 
- 

a 
Sources: Refs. (14), (15), (24), and (51). Single family dwelling figures, ex- 
cept kWh/capita, which includes all dwellings. 

bSources: Refs. (16), (17), and (53). 

dSingle I Family Dwelling 
e 

fSouCces: Refs. (17), (54). Curves from electricity heated homes were adjusted 

Multiple Family Dwelling 

Sources: Refs. (14) and (15). 

upward to reflect oil furnace efficiencies and construction. 

C 
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i 

other  hand, t h e  la rger  systems a re  not eas i l y  metered indiv idual ly;  s tud ies of 
energy use i n  apartments i n  Sweden zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(16,41) noted tha t  occupants paying indiv idual ly zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
for heat ,  hot water and e l e c t r i c i t y  would use a t . l e a s t  15% l e s s  than those paying 

i nd i rec t l y  by sharing cost  i n  the  ren t .  

however, we cannot conclude anything about the  E'. 

Without deta i led s tud ies of water use, 

An important mechanism fo r  supplying space heat i n  Sweden is with d i s t r i c t  

heat ing,  i n  which centra l  s ta t ions  e i t h e r  produce heat alone, o r  co-generate heat 

and e l e c t r i c i t y .  District heating suppl ies 19% of the t o t a l  res ident ia l  heat 

needs i n  Sweden (16). 

24% of  t h e  kWh input appears as warm water ' o r  steam,. primari ly. for  heating of 

homes and bui ld ings,  and 29% of t h e  output is e l e c t r i c i t y .  

the combined e lec t r i c i t y -heat  system of Malm;, a c i t y  of 250,000 (55). 

overa l l  e f fec t  of these systems, a f t e r  t he  s l i g h t l y  lowered production of  elec- 

t r i c i t y  is taken in to  account, i s  a ne t  saving of fue l  of 1300 kWh per capi ta ,  

which i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2% of t h e  t o t a l  energy consumption i n  Sweden (see Appendix f o r  fu r ther  

d e t a i l ) .  

The energy balance for Swedish thermal power p lants  shows 

Figure 6 i l l u s t r a t e s  

The 

i 

Indust r ia l  Energy Use 

In both Sweden and the United Sta tes  the la rges t  use of energy i n  industry 

is f o r  bas ic  mater ia ls processing. 

t ra ted ,  f i ve  sectors  accounting f o r  85% of t he  ne t  use (16,Zl). 

In Sweden t h i s  energy use i s  highly concen- 

In Table 8 we see t h a t  larger  f rac t ions  of Sweden's manufacturing value 

added and energy use, compared t o  the U.S., are concentrated i n  the  f ive energy 

C. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI '. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I: 

in tens ive sectors .  

added i s  more concentrated toward mater ia ls processing - organic chemicals versus 

drugs, paper mills versus paper products, e t c .  Thus the mix of output in Swedish 

industry is more energy intensive than i n  the U.S. 

f o r  t h e  f i v e  indust r ies combined, which i s  higher i n  Sweden than i n  the  U.S., 

Additionally, the  energy use i n  each sec tor  and t h e  value 

This is re f lec ted  in  the  E 

although t o t a l  E fo r  a l l  of manufacturing i n  Sweden i s  very c lose t o  tha t  i n  

the U.S.  While some energy in tens ive products, such as p las t i cs ,  chemicals, 

and aluminum, are made i n  greater  quant i t ies  i n  the U.S. than i n  Sweden, steel ,  

cement, paper and pulp a re  made i n  greater  amounts i n  Sweden. Much of Sweden's 

energy intensive raw output i s  exported. 

t he  process energy i n tens i t i es  (E') are s ignf icant ly  lower i n  Sweden f o r  v i r t u a l l y  

every product, usual ly because of reduced process heat requirements. 

However, these measures of  in tens i ty  can be misleading. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAs Table 9 shows, 

These f indings 
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COMBINED ELECTRICITY GENERATION AND DISTRICT HEAT IN SWEDEN 

MALMO 

826 GWH 
(26%) 

ELECTRICITY 
675 GWH 

(21%) 

1 GWH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 3.413~10' BTUa 610 BBL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
XBl.7510-7770 

Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6. District heating and electricity eo-generation in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMalm;, 1973. From (55).  
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suggest t h a t  Sweden’s industry is more energy e f f i c i e n t  than our own. 
important, though, these findings s t r e s s  the inaccuracy of measuring energy use, 

or  eff ic iency,  by aggregate r a t i o s  of energy use t o  value-added o r  GNP,as i s  

done i n  Ref. (1). 

were found i n  the study of West Germany (11). 

More 

We note t h a t  similar di f ferences i n  process energy inttensit ies 

Swedish indust r ies use more e l e c t r i c i t y  as a f r ac t i on  of a l l  energy, o r  

as a f r ac t i on  of  a l l  e l e c t r i c i t y  used i n  the  whole economy, than American counter- 

pa r t s .  

Sweden‘s e l e c t r i c i t y  was generated from hydropower, t he  predominant domestic 

energy resource; indust r ies could be expected t o  u t i l i z e  t h i s  resource, w‘hich 

has been less cos t l y  than steam e l e c t r i c i t y .  

p r i ce  of  e l e c t r i c i t y  t o  t h e  pr ice of  fuel ( f o r  t h e  steel industry i n  par t icu lar )  

is lower i n  Sweden than i n  the U.S. 

T h i s  ef fect  can be understood by noting tha t  h i s t o r i c a l l y  near ly a l l  of 

In addit ion, the r a t i o  of t h e  

These pr ices a r e  summarized i n  Table 10. 

The overal l  comparison of e l e c t r i c i t y  used by industry is shown i n  Fig. 7. 

Indust r ia l  e l e c t r i c i t y  costs  i n  Sweden a r e  c lose t o  those i n  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S . ,  but the  

dominance of several indust r ies i n  Sweden t h a t  pay less than t h e  U.S. average 

p u l l s  the average p r i ce  i n  Sweden below t h a t  i n  the U.S. (Table 10). Since 

pr ices a r e  so similar, we a t t r i b u t e  the higher e l e c t r i c  i n tens i t y  ( s h i f t  t o  

the r i g h t  i n  Fig. 7) t o  the  lower r a t i o  of t h e  p r i ce  of e l e c t r i c i t y  t o  the p r i ce  

of f u e l s  as compared t o  the  U.S. (Table 10). 

Additionally, however, other factors  i n  Sweden tend t o  reduce spec i f i c  

i ndus t r i a l  energy consumption compared t o  the United S ta tes .  

a l l  fuel  used i n  the paper industry (which consumed 16% of a l l  energy i n  Sweden) 

is provided in te rna l l y  by barks and l iquors as opposed t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA35% i n  t he  U.S.  (213, 

but a t h i r d  of t h e  e l e c t r i c i t y  used by tha t  industry, and smaller f ract ions 

elsewhere, is co-generated with steam production (16,64), thus reducing fuel 

needs. Some savings through co-generation have been obtained, f o r  example, i n  
Germany (11) and are considered t o  be economic f o r  the U.S.  (65), where half  of 

t h e  e l e c t r i c i t y  consumed i n  the paper industry i s  self-generated, but only a 

small amount i s  co-generated. 

Sixty percent of 

In addit ion t o  energy savings i n  process indust r ies i n  Sweden, assembly 

indust r ies there tend t o  show lower use of fuel per uni t  of product (or value 

added) than i n  the U.S. 

heat ing requirements compared t o  the  U.S., i n  some cases surpassing e l e c t r i c  

dr ive and l i g h t s .  

In the e n t i r e  Volvo concern, encompassing several large assembly p lants ,  1974 

This comes about i n  s p i t e  of more important space zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A t o t a l  of 20% of Sweden’s indust r ia l  use is for  Space heating. 
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MANUFA~TURING zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 6  3 4 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA62  112 44 75 PaperCl 

Market pulp 2 6 1  3 4 1 1 1  2 34 

Paper m i l l s d  z 6 2 , 3 , - 6  3 4 1 1 2 , - 1 1 3  24 60 
40% 84% % of sec to r  

a 
Table 8. Energy use in industry-economic overview 

- 

3200 290 7625 -- 1300 

125 25 3680 500 
2500 230 3895 800 
82% .88% 99% 100% 

Sweden- 

s I C  kWh kWhe kWh kWhe US Sweden 

E,(kWh/8Ib 

U.S. 
DJ 

SNI ($/capi ta)  (1971) (1970) (1971) (1970)- 
~ 

Chemicals 2 8  3 5 1 , 3 5 2  

I Organic 2 8 1 5 9 - 1 8  3 5 1 1 1  

Inorganic 2 8 1 2 9 - 1 3 ,  3 5 1 1 2  

-1 6 9 -1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

P l a s t i c s , f j b e r s  2 8 2  3 5 1 3  

Agricul turah 2 8 7  3 5 1 2  

% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof sec to r  

Feed' s tocks zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAExcZuded from 
consumed totah 

156 84 

7 
l6 9 

24 18 
8 7  

31% 49% 

25 34 3930 575 1135 540 

1575 110 80 250 

1220 250 110 100 

630 80 305 80 
115 15 120 55 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
90% 79% 54% 90% 

4600 1500 

- 

Petrol'eum 2 9  353 , -4  

Refiningf 2 9 1  3 5 3  

4000 145 1540 30  30 11.5 142.9 134 

25 8 152.0 187.5 3800 135 1500 23 

-e- 

Primary meta ls  3 3  3 7  

Basic s t e e l  3 3 1 2  3 7 1 0 1  

Alloys 3 3 1 3  3 7 1 0 2  

Nonferrous 3 3 3  3 7 2 0 1  

% of sec to r  

Stone, Glas s, 
36.3 32.5 1850 120 1625 150 

-I_ 

110 103 

46 74 
10 3 
8 6 

57% 81% 

ENERGY; HARVEST 
(excluding ref in ing,  e l e c t . u t i l i t i e s )  

51.8 37.7 5700 710 3880 910 

4390 190 3065 500 
80 35 280 160 
640 300 370 225 
90% 74% 96% 97% 

MININGl  

AGRICULTURE, FORESTRY 

CONSTRUCTION 

I 

(excluding vehic les)  

Totdl  Energy Intensive' 

Other Manufacturing 

Tota l  Manufacturing 

Tota l  Industry (excluding 
feedstocks) I I 

421 328 44.4 48.2 18,680 1700 15,800 3000 

1320 808 3.4 2.0 4525 1050 1600 710 

1741 137 13.3 15.3 23,205 2750 18,100 3710 

2500 230 500 280 

570 180 

510 200 

570 100 

1825 55 

650 85 900 16 

mJlmmmm 
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Footnotes for Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8,- 

Sources: fo r  U.S. Refs. (30),  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(561, and C57); f o r  Sweden Refs, (16), ( 3 3 ,  
and (35 ) .  kWhe included i n  kWh f igures,  

kWh a r e  from TJ. k h  i s  included i n  t h e  kWh figure. U.S.  Figures f o r  kWhe 
incfude sel f -generat ign but these are not  included i n  the  EJ. U.S, EJ is f o r  
1971; value added from (56) in f la ted  t o  1971 values. 

a 

bNet. For gross (kwh 1 mult iply by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[ ( 2  kNhe/kWh) + 11 , where the  kWh and 

C 
Includes wood wastes, 

%he value added i s  given fo r  those SIC and SNP groups t h a t  a r e  more energy 
in tens ive than the average. Percent of sector  gives the  percent of  t he  sector  
contained there in .  I t  can be seen t h a t  Sweden's value added i s  - more concentrated 
i n  these sectors ,  

Feedstocks f o r  Sweden estimated from Refs. (31 ) ,  (32),  and (33 ) .  e 

f Includes capt ive consumption not counted by most Swedish s tud ies,  but found i n  
Refs, (31) and (32) .  Feedstocks subtracted from ref in ing losses i n  Ref. (31) .  
500 kWh/capita of non-fuel petroleum ( lubr icants,  e tc . )  omitted but counted i n  
Table 2 .  The Swedish re f in ing  T could be as  low as 1000. 

gExcludes self-generation for e l e c t r i c i t y  t o t a l s ,  except 400 kWh self -generation 
i n  paper and pulp indust r ies i n  Sweden. 
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a 
$able zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9. Materials and energyconsumption data fo r  the U.S. and Sweden. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

TJ TJ" 
PJ (kg/capita) EJ (kWh/kg) EJ (kWhe/kg) (kWh/capita) (kWhtbapita)c - 

U. S , Sweden U.  S . Sweden U. S. Sweden' U. S. ' Sweden U.  S. SwetG 
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

d 
Basic s t e e l  

Alum inmum 

O i l ,  ref ined 
f Market pulp 

pulping 

e 

f 

Paper,; inc. g 

Cement 

h Organic 
chemicals 

Inorganic 
chenlical sh 

Plas t i cs , f i be rs  

F e r t i l i z e r  

Feedstocks 

h 

h 

b 

(energy) 

580 

17 

2900 

-1 

,260 

342 

234 

100 

51 

105 

48 0 

650 

9 

14 00 

550 

550 

460 

89 

87 
43 

67 

215 

7 4.8 0.5 1.0 4000 3100 4640 4420 

17.7 17,7 17.0 17.0 300 160 880 465 

1.4 1.1 0.05 0.05 4060 1500 4350 1540 

9 6.7 1 1 -  3685 - 4900 

9.5 

2.0 

6.7 

6 - 6  1.5 1.5 2470 3630 2860 4730 

1.6 0.1 0.1 685 735 755 830 

4.0 - - 1575 355 1800 855 

12.2  4.4 - - 1220 390 1720 600 

1 2 . 3  5.0 - - 630 215 790 375 

1 .o 1.8 - - 115 115 145 230 

11.63 11.63 - - 5600 2500 - -- 

a 

bE lec t r i c i t y  was included (net) i n  EJ. 

TJ for  Sweden r e f l e c t s  3 kWht/kWhe. 

dWe did not include the energy content of scrap, estimated at  an average of 
500 kWh/ton fo r  t he  U.S. and 1000 kWh/ton f o r  Sweden, averaged over a l l  s t e e l .  

e Aluminum counts only the smelting of A1203 t o  A l .  Refining of bauxite takes 
place i n  the U.S., but not i n  Sweden, 

fU.S. o i l  ref in ing EJ taken from Refs. (59) and (56). Swedish losses estimated 
from Refs. (31) and (33) .  The lat ter  gives a very low f igure of 0.65 kWh/kg, 
but est imates from t he  known flow of o i l  through re f i ne r ies  ind icate 1.0 kWh/kg. 

gPulp and paper include the  energy i n  wood wastes and l iquors.  These were as 
given i n  Refs. (30a) (59) and amount t o  1000 kWh.capita f o r  the U.S. Refs.(21) 
and (16) give about 4000 kWh.capita f o r  Sweden, Sweden uses more wood waste 
f o r  fuel  per ton of output, and uses fewer external f ue l s  as well, Swedish 
e l e c t r i c i t y  was 1/3 cogenerated, the U.S. about hal f  t h a t .  

are d i f f i c u l t  t o  r e t r i e v e  and hard t o  compare. The use 
of feedstocks, incfudsng road o i l s ,  was converted t o  kg by using t h e  approxi- 
mate re la t i on  1 kg (o i l  equivalent) = 11.63 kWh. The U,S, enriches the  uranium 
used i n  Sweden, and t h e  energy i s  counted i n  SIC 281, i ndus t r i a l  chemicals 
(See Ref. (57) ) .  

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

C 

hFigures f o r  Echemi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 
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Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10, Energy i n t e n s i t i e s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand costs  i n  industry, a 

TJ (kWh/capita) E ( k W $ )  P($/kWh) 

U,S. Sweden U.S. Sweden U.S. Sweden U.S. Sweden 
(1971) (1970) C1971) (1970) (1971) (1970) 

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

PeIPf . .  *--rh - . .  

Five energy indust r ies 
(excluding feedstocks)b 

Fuel (f) 17,000 12,800 40 39.1 0.15 0.20 5.,4 3.5 
Elec t r i c i t y  (e) 1700 3000 4 9.2 0.81 0.75 

Other manufacturingC 

Fuel (f) 3500 900 2.7 1.1 0.19 0.36 6 . j  3,1 
E l e c t r i c i t y  (e) 1075 700 0.8 0.9 1.2 1.1 

Total manufacturing 

Fuel ( f )  20,500 13,700 12.0 12.0 0.16 0.22 6.0 3.7 
E l e c t r i c i t y  (e) 2775 3700 1.6 3.3 1 .0  0.82 

Sources: For U.S. Refs. (56), (57), and (60); f o r  Sweden Ref. (16). Data on 
pr i ce  from purchased f u e l s  only. Data on e l e c t r i c i t y  f o r  purchased e l e c t r i c i t y  
except for Swedish paper industry. 

SNI 341, 351, 352, 353, 354, 36, 37. 

a 

bSIC 26, 28, 29, 32, 33. 

‘SIC 20-25, 27, 30, 31, 34-39. 
SNI 31-33, 342, 355, 356, 38, 39. 

i 
i 
I 

I 

-- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I T -  I 

______- 
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2.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 

f 2.0 
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 
c 
c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 
0 - t.5 

u 
a 
W 

a .  

: 1.0 

B 

- 
0 
II: + 

0.5 

0 
0.t 

- 
I I 1 1 1 1 1  I 1 1 I ' I I I I ' I INDUSTRY GROUP I 

SIC (SNI) US SWEDEN 

21 
0 

=(385) 21 (30  TOBACCO (FOOD) 
22 (32) TEXTILES 

0 23 23 (32) APPAREL 
25 (33) FURNITURE (FURN.+WOOD) 
26 (341) PAPER 

31 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAg) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAd 3 3 )  28 (351.2) CHEMICALS 

3 8 0 a  (3%) 0 34-331) 34 (32)  LEATHER 
(342)m 30 (355) RUBBER 

33 (371.2) PRIMARY METALS 
33i (37101) BASIC STEEL 
3334 PRIMARY ALUMINUM 

0 304355) 
(32) =(jU) 

3,6 (3$ 34 (381) FABRICATED METALS 
INDUSTRIAL * ~ ~ a v ~ ~ i ( j g l )  36  (383) ELECTRICAL EQUIPMEN 

AVERAGE 38 (385) INSTRUMENTS A 
= (371,2) 

2 8  0' 33 
=(37102) 

3334 A 

- SNI 37102 Ferroolloys (3727 '51+2) GI) 
SNI 372 Non ferrous metals 
SNI 342 Printing 

- I I I I 1 1 1 1 1  I I I I 1 1 1 1 1  I I t  
0.2  0.5 I 2 5 10 

ELECTRICITY INTENSIVENESS ( kwhr consumed/$-shipped) 
20 50 

XBL763-5234 

Fig. I .  Electricity intensiveness, $/$ shipped, and price. U.S. data from 1967 

Census of Manufacturers, assembled by Hirst (58a) shown as dots, triangles; 

Swedish data zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(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 a t  0.6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX l o 9  kWh fo r  space heat and hot water, a similar 

amount f o r  process heat,  and an equal amount fo r  e l e c t r i c i t y ,  of  which one t h i r d  

went fo r  l igh t ing  and o f f i ce  use. 

25% a f t e r  the o i l  embargo through "leak plugging") (61). If Swedish indus t r ia l  

fue l  use were adjusted f o r  comparison purposes t o  take i n to  account the  dliffer- 

ence i n  cl imate, usage could be 10% lower, 

(Volvo was able t o  cut  i ts  t o t a l  energy use 

The re la t i ve l y  more modern equipment i n  Swedish industry zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- Sweden's 

nat ional  accounts have grown s ign i f i can t ly  f a s t e r  than those of t he  U.S.  as 

t h e  Swedish GNP approached ours - c e r t a i n l y  contr ibutes t o  the  higher e f f ic iency 

i n  Sweden, j u s t  as the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S. industry improved energy ef f ic iency through techno- 

log ica l  change since World War I1 i n  s p i t e  of f a l l i n g  energy pr ices  (56),, Data 

co l lected by Meyers zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa2 (56), compared with Swedish data (kWh/ton o r  kWh/$), 

suggests tha t  Swedish manufacturing energy in tens i ty  today l i e s  on Meyers' 

projected U.S. curves 10 -  15 years hence. 

use was (and is) " in ter r rupt ib le"  gas at  bargain p r ices ,  and cheap coal ,  two 

fue ls  t h a t  have been important t o  many U.S. i ndus t r ies  and whose low pr ice  and 

a v a i l a b i l i t y  fostered higher energy use i n  the  past .  

Missing from Swedish industri ixl energy 

Both o f f i c i a l  Swedish government forecasts (16) and the  views of individuals 

i n  industry (61-63) r e f l e c t  t h e  be l ie f  t h a t  optimization t o  ever-increasing fue l  

p r ices  w i l l  fu r ther  reduce spec i f i c  energy requirements o f  Swedish industry 

toward.the end of t h e  century, as many have a lso  predicted for  the  United Sta tes  

(56). 

of energy has come about not by d i rec t  subst i tu t ion of labor fo r  energy, but 

through the  subs t i tu t ion  of energy management (61) and cap i ta l  (B. Carlson i n  

Ref. (16)) for  energy. 

Since Sweden t rad i t i ona l l y  has paid a high indus t r ia l  wage, the  saving 

Other fac to rs  i n  resource use i n  Sweden contr ibute t o  both lower demand 

per  product and lower demand for  energy intensive products themselves. I t  was 

noted above tha t  Swedish autos ou t l as t  American counterparts, weigh less, and 

use mater ia ls t h a t  themselves require l e s s  energy than t h e i r  American counterparts. 

Furthermore, Swedish consumers have maintained t h e  widespread use of returnable 

bo t t l es .  Other u t i l i z a t i o n  pat terns ( re la t i ve  s izes  of D J ) are  in te res t ing ;  i n  

the  l a t e  1960's p l a s t i c  bags became popular, only t o  be replaced by paper again 

as t h e  cost  of p las t i c ,  made from imported petroleum, rose r e l a t i v e  t o  the  cost  

of paper made largely  from domestic sources. 

cu l tu ra l  and ins t i t u t i ona l  factors  combine with economic and technical  fac to rs  

t o  e f fec t  energy savings i n  the  indus t r ia l  sector  i n  Sweden r e l a t i v e  t o  the  United 

We can general ly conclude t h a t  
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IMPORT-EXPORT BALANCE, 1973 

(KWh per capita) 

EXPORT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 

Energy (2800) 

Penalty (200) 

Nonenergy goods 

IMPORT 

Energy (19,700) 

Penalty (2,700 1 
Nonenergy goods 

(6.500) (6500) 

Domestic supply 
(8  6,6 00) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

XBL763-5271 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Fig. 8. Imports and exports of energy v i a  foreign trade, U.S.,1973. "Penalty" 

r e f e r s  t o  process energy embodied i n  ref ined fue l s .  From (35). For 1971, 

"penalty" i n  import s ide  scales with imports of ref ined o i l .  

SWEDEN IMPORT-EXPORT BALANCE, 1970/71 

IMPORT 

Energy 45,100 

Penalty 2,500 

Non-energy 
goods 19,000 

XBL762-5128 

I 

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

wdod wastes, but not t he  energy content of wood or  paper as a fue l .  From 

EVU (16). 
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United S ta tes .  This i s  mainly done by increasing ef f ic iency (lowering the 

E . ' s ) ,  but changing the  mix of products (mix zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  DJts) actual ly  consumed i n  

Sweden toward lower energy i n tens i t y  is also s ign i f icant  i n  some areas.  In 

fu ture work we hope t o  analyze these dif ferences i n  greater  d e t a i l .  

J 

D. Imports and Exports of Goods 

Since imports and exports comprise an important p a r t  of economic a c t i v i t y  

it is  important t o  evaluate the energy embodied i n  non-energy trade, as w e l l  as 

the process energy embodied i n  ref ined fuels,  such as gasoline. For the U. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS . ,  

Herendeen and Bullard (35) found t h a t  while non-energy imports and exports 

contained equal amounts of energy,' the imports of ref ined o i l  embodied more 

energy than exports of coal and ref ined o i l  products (excluding the energy 

ac tua l l y  i n  these fue l s ) .  The balance f o r  1973, indicated e a r l i e r  i n  Table 2 

and Fig. 2, is shown i n  Fig. 8. A similar balance f o r  Sweden, evaluated by 

EPU (16) was shown i n  Table 2 and Fig. 3 .  The complete t rade i s  shown i n  Fig. 9. 

I t  can be seen t h a t  t he  energy embodied i n  foreign t rade a f f e c t s  Sweden - with 

an export surplus of embodied energy - far more than the U .  S . ,  with a small 

import surplus. An even greater a f f e c t  was estimated f o r  Denmark by Elbaek (8) 

who found t h a t  t he  energy balance of t rade amounted t o  an import of 20% of 

the energy consumed i n  Denmark. By contrast ,  West Germany has a large export 

surplus (11). Note t h a t  i n  every case the  imports of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfueZs a r e  much larger  

than any of these f igures.  We conclude tha t  an accounting of the energy em- 

bodied i n  foreign trade widens the di f ference i n  energy use between Sweden and 
the U.S. . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
V. ANALYSIS OF ENERGY DIFFERENCES AND CONCLUSIONS 

In Table 11 we show exp l i c i t l y  some important energy pr ices f o r  Sweden 

and the U.S. The largest  p r i ce  di f ferences occur i n  road fue ls ,  even before 

considering the higher taxes on automobiles i n  Sweden. E lec t r i c i t y ,  on the  

other hand, has been r e l a t i v e l y  inexpensive (compared t o  fue l )  i n  Sweden, due 

t o  the  fact that i n  t h e  past  a large share of e l e c t r i c i t y  has been hydro- 

power ( 6 6 ) .  In 1971, e l e c t r i c i t y  use i n  Sweden (7400 kWh per capi ta)  was close 

'Counting "direct1' energy (applied by the  producer of a good o r  service) and 
"indirect" energy (the energy required t o  produce the mater ia ls and services 
used by the producer, and so on). 
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I 1 

1 Table 11. Typical energy pr ices i n  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S. and Sweden. Exchange 
1 rate used i s  $1 = 5.18 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAskr (19604970) and 4.30 skr (1974). 
I - --- --- --- 

b 
Sweden zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-kT rnh 
1960 1970 1974 1970 1960 1970 1974 (19710) 

O i l  Products ($/gal) : 

Gasoline' 30 
Diesel 23 
Heating o i l -  

Small customers 15 
Large customers 10.5 

Heavy o i l  7 

Gas ($/MM Btu) : 

Residential 120 
Indust r ia l  

F i r m  service 75 
Interruptable serv ice 40 

d Coal,, Indust r ia l  

E lec t r i c i t y  (Q/kWh) : 

Base 
Base and space 

heating 

I ndu s t r ia 1 

2.75 

1.75 

1 

35 
28 

18 
12  
8 

13 0 

80 
50 

15 

2.75 

2.0 

1 

45 
35 

35 
25 
23 

190 

- 
- 

25 

- 

1.5 

1.04 53 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.83 42 

0 * 5 0  13.3 0.33 
0.23 7 

0.43 - 
0.27 - 
0.17 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.17 - 

2.75 3.14 

1 .5  - 

(0.4-2.1) - 

61 116 
48.8 go 

13.2 40.6 

8.5 22.5 

1973  
550 680 

18 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 9 7 5  

2.12 2.3 

-1.5 2.0 
1 9 7 5  

I .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA132 
1 .45  

0.37 

0.24 

1 . i? 

0. 2 

19'15 
0.93 1.8 (0.6-2.2) 

Sources: Refs. (15), (24) and (57). Ref. (58) gives following pr ices  f#/kWh) 
f o r  d . S .  industry as a whole i n  1971: gas 0.13, coal 0.12, o i l  0.23, e l e c t r i c i t y  
0.98, other 0.25. C f .  Swedish pr ices.  

a 

bSources: Refs. (16), (23), (48), and Swedish Embassy press release, 1975. 
C Swedish gasol ine taxes: 42Q/gal i n  1970, about 68Q/gal i n  1974. U.S. pr i ce  in-  
cludes lO-l3g/gal tax. 

Swedish f igures based on 1700 khrh/yr (1960), 3000 kWh/yr (1970), 2000 kWh/yr 
(1974). 

dCoal p r ice  excludes capt ive and u t i l i t y  coal ,  
e 
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t o  tha t  i n  the U .  S. (7700 KWh per capi ta) ,  

i n  t h e  i ndus t r ia l  sector  i n  Sweden and more i n  the  residential/commercial 

sector  i n  the  Unlted Sta tes .  Other f u e l s  i n  Sweden l i e  between these two ex- 

tremes, being s l i g h t l y  more expensive i n  Sweden (before 1973) and used miore 

e f f i c i en t l y  there  a s  well. Since the  pr ice  of o i l  used f o r  home heating i n  

Sweden was comparable t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU. S. values (un t i l  1973), t he  length of the  heating 

season, as well a s  ins t i t u t i ona l  fac to rs  mentioned above, must account fo r  the  

e f f i c ien t  use of t h a t  fue l  f o r  space comfort. Signi f icant ly,  however, Sweden 

had no natura l  gas or domestic coal, two fue l s  whose low pr ices  cer ta in ly  en- 

couraged intensive use i n  the U.  S. 

but more of t h i s  t o t a l  was used 

Higher energy pr ices  alone, however, do not account for  the  more e f -  

f i c i e n t  energy use i n  Sweden. In  our repor t  and elsewhere, it has been st ressed 

t h a t  while a given s e t  of energy pr ices  determines a mix of energy and other 

economic fac to rs  tha t  allow production fo r  t he  l e a s t  cost ,  i ns t i t u t i ona l  and 

soc ia l  f ac to rs  determine how c lose individual consumers, firms and soc iety  as 

a whole come t o  t h i s  most economic energy use. In  the  United States,  f o r  ex- 

ample, mortgage po l i c ies  and market considerations constrain developers t o  

minimize first costs,  ra ther  than l i f e  cycle costs ,  const ra in ts  which do not 

appear t o  be appl icable t o  construction i n  Sweden. We have a lso  seen tha t  

bui lding codes have imposed energy conserving construction more uniformly i n  

Sweden. Additionally, the  Swedish government has given p r i o r i t y  t o  energy con- 

servat ion i n  housing loans. Passenger t ranspor t  i n  Sweden has a lso  been strongly 

influenced toward energy conservation through government pol icy, i n  t h i s  

case mainly through the  market mechanism by various taxes and incent ives.  These 

fac to rs  a l so  encourage important synerg is t ic  e f fec ts .  Good i n t e r c i t y  t ranspor t ,  

and high cos ts  of operating an automobile, tend t o  keep the  population more 

concentrated. In addi t ion t o  maintaining the  v i a b i l i t y  of t he  public triznsport 

system i tse l f ,  t h i s  s i tua t ion  a lso  affects housing and l iv ing pat terns in en- 

ergy saving ways. With increased population dens i t ies  apartment l iv ing is more 

common, allowing po ten t ia l  energy savings through fewer external  walls, be t te r  

insu lat ion and more e f f i c i en t  heating systems. Shopping a l so  becomes eas ier ,  

with more neighborhood stores;  t r i p s  a re  shor ter ,  o f ten on foot ,  and smaller 

storage f a c i l i t i e s  a r e  required, resu l t ing  i n  smaller capaci ty re f r i ge ra to rs  

with consequent e l e c t r i c i t y  savings. 

lowering the  energy requirement for  an economy by changing l i f e s t y l e  and the  

In a recent study of energy use i n  the U.  S., Hannon (67) suggested t h a t  
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mix o$ consumer goods ( the D ) would be d i f f i c u l t ,  because consumer expenditures 

would lgenerate energy requirements no matter how they were d i rected.  We have 

shown here tha t  i n  Sweden the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADJ a r e  sh i f ted toward l ess  energy intensive 

a c t i v i t i e s ,  and the  EJ toward higher ef f ic iency.  For  both effects, do l l a rs  

saved by saving energy i n  one a c t i v i t y  and re-spent on another, do not, on the  

average, generate as much energy use as  expenditures fo r  a more energy in tens ive 

mix of DJ, o r  a c t i v i t i e s  with l e s s  e f f i c i en t  EJ, would have done. A l l  energy 

i n t e n s i t i e s  a r e  reduced through higher ef f ic ienc ies,  i . e . ,  conservation, and 

sh i f t s f romhigh  t o  low energy intensive a c t i v i t i e s  a r e  made at  the  same do l l a r  

leve l .  Sweden, l i k e  other European countr ies, developed these energy economies 

t o  o f f -se t  i t s  higher energy pr ices  and balance of payments problem resu l t ing  

from importing energy. This resul ted i n  a higher standard of l i v ing  f o r  a 

g iven ' leve l  of energy consumption. This suggests the  answer t o  the dilemma 

posediby Hannon: i n  the  face of energy scarc i ty  and consequent r i s i n g  energy 

J 

pr ices  consumers i n  the U. S. would seek t o  maintain t h e i r  standard of l i v i ng  

by optimizing energy use both through increased energy ef f ic iency and through 

sh i f t i ng  t o  lower energy in tens i ty  ac t i v i t y .  

' I n  fu tu re  work we hope t o  explore fu r ther  both the  underlying causes of  

and the  mechanisms f o r  achieving higher energy i n  Sweden. A t  t h i s  time, however, 

we o f fe r  some ten ta t i ve  conclusions about energy use obtained from the  U.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS .  

Sweden comparison: 

1) For a given level  of GNP, eff ic iency of energy use, cl imate and 

the mix of goods and services share i n  determining the  energy re -  

quirements of an economy. Eff iciency may be the  most important fac to r  

i n  the long run and is affected predominantly by energy pr ices,  though 

ins t i t u t i ona l  and cu l tu ra l  fac to rs  play a r o l e  i n  how well energy use 

responds t o  energy cos ts .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2) Projecting energy needs on the  bas is  of past corre la t ions between 

energy and GNP (or other macro-economic var iables) i s  a very insecure 

procedure, given both the  spread i n  energy use i n  countr ies with a given 

GNP and the  grea t  di f ferences i n  ef f ic iency,  both actual  and theoret -  

ical, with which individuals and firms use energy to carry out tasks. 

Conclusions commonly reached about the  energy/GNP r a t i o  (l), especia l ly  

those t h a t  purport t o  show tha t  t he  U. S .  uses energy e f f i c i e n t l y  

(so le ly  on the bas is  of gross energy use, e l e c t r i c i t y  use, and GNP 

(68 ) ) ,  a r e  misleading and contradicted by in-depth s tud ies such a s  our 

Own. 
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3) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo matter how one counts hydropower, it does not account for 

a major port ion of t he  d i f ference between U,S, and Swedish energy 

consumption. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4) Adjustments of energy use i n  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S.  and Sweden that  r e f l e c t  

cl imate and the  energy embodied i n  foreign t rade increase the 

di f ference i n  energy consumption between Sweden and the  U.S. 

Our in ternat ional  comparison suggests tha t  many energy conservation mea- 

sures are avai lab le t o  the  United States, especia l ly  as energy pr ices  continue to 

rise. The Swedish economy performs well a s  a ( re la t ive ly)  energy eff icient: economy, 

suggesting tha t  more e f f i c i en t  energy use w i l l  not i n te r fe re  with the  func:tion of 

t 

theAmericaneconomy. While we hes i ta te  t o  give an exact f igure  we suggest t ha t  

Swedish methods of energy conservation, including smaller cars, be t te r  s t ruc-  

tures,  and more e f f i c i en t  use of process heat, would r e s u l t  i n  savings of 30% of 

the  t o t a l  energy used i n  the  United Sta tes  (Fig. 10). Thus in ternat ional  energy 

use comparisons, far from suggesting an inev i tab le coupling between level  of 

economic a c t i v i t y  and energy use, actual lysuggestways i n  which more well being 

can be wrought from every Btu of fue l  and kilowatt-hour of e l e c t r i c i t y  consumed 

i n  a given country. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i 
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100,000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 

I TRANSPORT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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I 
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LIGHT 
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INERGY 

*Adjustments to actual consumption lncludlng 
energy embodied in foreign trade of goods. 
Climate and el- losses adlust Sweden to 
the US sltuatlan. 

-1 -24MPG cars zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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water and o pllance 
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Optlmlze light industry 
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heat recovery,energy 
management, co-generating , 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI waste heat ut l l i rat lon 

Note: All figures In KWht/person 

181763-5272 

Fig. 10.1 Summary: U.S. and Swedish energy use, 1971, and U.S. use based on 

Swedish i n t e n s i t i e s  i n  industry, space conditioning, autos (mpg); a l s o  assumes 

U .  S. Appliance in tens i t y  decreases by 33%, l ight ing l eve l s  decrease by 33%. 

Freight, a i r l i n e s ,  energy harvesting ignored, but higher a i r  conditioning 

and l ight ing ef f ic iency factored i n .  See a l s o  (3-5). Li festy le  fac to rs  

(numbers of appliances, passenger miles) not considered. 
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DISCUSSTON OF 

I t  i s  often noted 

APPENDIX 

ELECTRICITY PRODUCTION AND DISTRICT HEATING 

t ha t  Sweden is r i c h  i n  hydropower, an energy source 

t h a t  accounted f o r  approximately 14% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof a l l  energy and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA75% of a l l  e l e c t r i c i t y  

produced i n  1972. Simi lar ly about 35% o f  Sweden's fuel-based e l e c t r i c i t y  came 

from back pressure production. This i s  accounted i n  Table A-1 .  

A s  t he  kWht per capi ta  t o t a l  i n  Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 suggests, Sweden's energy use 

would be higher (by about 20%) i f  a l l  e l e c t r i c i t y  were generated a t  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU. S.  

r a t e  of approximately 3 kWht/kWhe. This Appendix discusses the accounting f o r  

hydropower and other s t a t i s t i c a l  d i f f i c u l t i e s .  

Hydropower 

Seventy-five percent of Sweden's 1971 e l e c t r i c i t y  supply came from hydro- 

power, Sweden's most important domestic energy source, counted i n  Swedish 

stat ist ics (Fig. 3) a t  85% F i r s t  Law eff ic iency.  Since most of Sweden's 

hydro resources a r e  i n  the far north, transmission l i n e  losses a r e  greater  than 

i n  the U.. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS . ,  per net kWhe sold. 

done i n  the  kWh 

cause the use of e l e c t r i c i t y ,  pa r t i cu la r l y  i n  industry, i s  stimulated by t h e  

low r a t i o  of t he  p r i ce  of e l e c t r i c i t y  t o  t h e  p r i ce  o f  fueL.This is, e l e c t r i c i t y  

i n  Sweden cost  approximately 0.8Q/kWh t o  heavy users,  while fue l  o i l  cost  $0.80 

t o  1.00/10 

gas or coal t o  most U. S .  indust r ies.  Had e l e c t r i c i t y  been 85% thermally 

generated, as i n  t h e  U. S . ,  it would have been more expensive, especial ly s ince 

public (as well as private) power is financed i n  Sweden at  prevai l ing commercial 

i n t e r e s t  rates. Thus we f ind t h a t  e l e c t r i c i t y  u t i l i z a t i o n  i n  industry and t rans-  

But simply t r i p l i n g  the net  sa les  of hydropower t o  f ina l  demand, as was 

per capi ta column i n  Table 2, can be misleading. This is be- t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 Btu (about 0.3$/kWh), s ign i f icant ly  higher than the  p r i ce  of natura l  

por ta t ion i s  greater  i n  Sweden than i n  the U. S . ,  i n  p a r t  because of i ts  low 

p r i ce  r e l a t i v e  t o  fuel .  

Back Pressure Generation of E l e c t r i c i t y  

Combined hea t /e lec t r i c i t y  systems i n  Sweden produce more useful kWh per 

kWht consumed than purely electr ical-thermal plants.  In  1971 Sweden consumed 

fuel amounting t o  about 4.11 MWh per capita t o  produce 1.77 MWh per capita of 
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I 

Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA-1.  Electric power and heat supply i n  Sweden (1972). 

I 

Installed Electric Heat 
capacity Fuel used production production Efficiency Savings 

(kWe/capita) MWhJcapita (MWhe) (MWht 1 (elect heat/fuel) (MWht) I Sources 

Community lback 
pres sur e 

1 

pressure 
Industrial back 

Electricity only 

Total electricity only 

Total including heat 

Heat centrals 

plants 

Total 

Hydropower 

Transmission losses 

Net import 

Grand total 

0,097 

0.155 

0.48 

0.79 

(0. 55kWt) 
- 

1.39 

2.18 

1.1s 

0.82 

4.01 

4.89 

5.94 

1.10 

7.09 

(17.81)g 

f 

15.0 
(25.72)g 

0.34 

0.33 

1.43 

2.11 

2.11 

- 
2.11 

6.59 

-0.86 

0.16 

8.00 

0.64 0.85 

0,26 0.72 

0.36 

0.44 

0.90 0.51 

0.87 0.80 

0.56 1.78 

0.85 

- 
- 

f 

- 

0.87 

d 0.49 

- 
1.47 

0.35 

1.71 

11.22 

a 

b'tEfficiencies't a r e  taken from above references, and a r e  used to  a l l oca te  heat 
losses i n  "mixedf' systems, 

Savings = f ue l  t h a t  would be consumed f o r  e l e c t r i c i t y  only (37% eff iciency) 
plus heat i n  apartments (60% efficiency) plus 5% of e l e c t r i c i t y  as incremental 
d i s t i i b u t i o n  losses minus actual  consumption. 

some generation i n  paper industry. 

minus fue l  ac tua l l y  consumed i n  centra ls .  Pipel ine losses a r e  small. 

f o r  indust r ia l  backpressure heat, which is missing from Fig. A - 1  and Fig. 3 

i n  the t e x t .  

a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA37% eff ic iency.  A t  actual  heat r a t e  i n  Sweden (7), t h i s  energy consumed 
would have been 14.98 MWht. 

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

C 

dSavings: same as (c), above, indust r ia l  bo i lers  estimated 70% e f f i c i en t .  Excludes 

eSavings = f ue l  t ha t  would have been consumed i n  apartment bo i l e rs  (60% e f f i c i e n t )  

fTotals do not agree s t r i c t l y  with Fig. A-1 due t o  d i f f e ren t  years and accounting 

gIf a l l  net  hydropower had been made i n  a thermal-only power p lant  ( t h i rd  row) 
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e l e c t r i c i t y ,  f o r  a 

Fig. A-1, i n  which 

about 0.95 MWh per 

"heat" r a t e  of 2.12 

0.8 MWh per capi ta 

cap i ta  included i n  

kWht per kWhe. This i s  i l l u s t r a t e d  i n  

heat-only production is included w i t h  

inputs and about 0.15 MWh per capi ta  i n  

the  waste heat f igure.  If the heat and e l e c t r i c i t y  had been generated separately, 

about 1.3 MWh per cap i ta  addit ional f ue l  would have been required, assuming t h e  

heat was then produced i n  centra l  p lants,  and about 1.5 MWh per capi ta more i f  

heat had been made i n  smaller bo i lers .  In  f a c t ,  hal f  of t he  back pressure produc- 

t i o n  took place i n  or  near c i t i e s ,  while the other hal f  was located i n  indust r ies,  

primari ly paper. The heat from these p lants  is omitted from Fig. A-1 .  

needs of Malm:. I t  can be seen t h a t  the u t i l i z a t i o n  of f ue l  is increased s ig-  

n i f i can t l y .  Swedish s t a t i s t i c s  (see EPU (16), p. 79) count the  ef f ic iency of 

e l e c t r i c i t y  production as [ e l e c t r i c i t y  produced/(total energy consumed zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- heat 

used d i rect ly / ;85) ] ,  giving about 78%. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A combined d i s t r i c t  heat system i s  shown i n  Fig. 6 serving 50% of t he  

District Heating 

The e f f e c t  of cent ra l  heat-only p lants  i s  included i n  Fig. A-1; these 

provide heat f o r  600,000 dwellings, at  85% fuel t o  home (F i r s t  Law) ef f ic iency,  

compared t o  65% f o r  bo i l e rs  i n  apartments. This saves 5100 kWh per dwelling or  

375 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkWh per capi ta .  Another 25 kWh per capi ta  is saved by d i s t r i c t  

of bui ldings, f o r  a t o t a l  savings of about 400 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkWh per capi ta  from heat cen t ra l s .  

heating 

These savings must be added t o  those from use of d i s t r i c t  heat 

generation. 

The Heat Rate i n  Sweden 

from combined 

Vi r tua l ly  a l l  of Sweden's thermal-electric-only capacity (1.80 kW per 

cap i ta  i n  1972) was b u i l t  after 1955; thermal e f f i c i enc ies  average 37% versus 

32% i n  t he  

thermal generation of e l e c t r i c i t y  i n  1972, and since t h a t  f rac t i on  may remain 

large during the  next decade (63) the  ''correct" heat rate f o r  Sweden may be i m -  

puted t o  be 

U.S. Since co-generation accounted for  near ly 35% of Sweden's 

[(fuel consumed i n  electr ic i ty-only s ta t ions)  
+( fue l  consumed i n  co-generation of e l e c t r i c i t y  and heat) 
- ( t o ta l  fue l  t h a t  would have been required if the 

heat generated had been produced i n  heat-only boilers)] 
f [electr ici ty produced]. 
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SWEDEN 

1971 

Thermal Generation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Electricity zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Fig 

OIL  

9 2.5 O/o 

WOOD TRASH 7% 1 1  

Total : 
6.2x103 kWht/ 

person 

WASTE HEAT 

4 7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO/o 

24% 

ELECTRICITY 

29 '/o 

Approximate accounting : Electriclty was zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA67% condensation only, 33% back 
pressure systems. Heat was 50% district heat only, 50% back pressure systems. 

UNITED STATES 

1971 
Thermal Generation of Electricity 

I NUCLEAR 3% 

WASTE HEAT 

68.5% 

Total 2 

205XIO3kWht/ 
person 

ELECTRICITY 

31.5 '/o 

I 

XBL763-5232 

-1. The use of fue l  t o  produce e l e c t r i c i t y  i n  Sweden and the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU . S .  

71. Taken from Figs. 2 and 3 i n  t he  tex t .  Swedish data excludes some process 

a t  supplied t o  paper and mining indust r ies (500 kWh per cap i ta ) .  U.S. 

t a  excludes a small amount of co- and self-generation i n  industry. Table 

1 presents a more deta i led accounting f o r  Sweden. 
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This accounting method gives a heat ra te of 2 .1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 . 3  kWht/kWhe depending 

on how one r a t e s  the  production of heat. Under t h i s  scheme the  t o t a l s  given i n  

Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 could be modified so t h a t  kWht = (kWh - kWhe] + Z.l(kWhJ. Applying 

the  

apparent consumption of energy i n  Sweden by nearly 20%. Applying the  actual  

thermal heat rate i n  Sweden derived herein would reduce t h i s  increase t o  about 

12%.  In any case, t he  di f ferences i n  energy use between Sweden and the U.S. 

sti l l  remain s ign i f icant .  

U.S. heat rate t o  Swedish hydropower, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas was done i n  Table 2 (kWht) ra ised 


