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I t  i s  now generally known t h a t  the world 
i s  i n  the grip o f  an environmental crisis. 
The potential outcome of the crisis is  
w i del y recogn i zed : the sel f -des t ruct i on 
o f  human civilization. Its basic meaning 
i s  increasingly apparent: something is 
radical ly  wrong w i t h  the way i n  which we 
use the earth's resources. The k ind  of 
action t h a t  survival demands is becoming 
painfully clear: equally radical 
reorganization of human society t o  bring 
i t  in to  h a m n y  with the ecological 
imperative . 

Barry Camoner 
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I .  IdTRODUCTI3iJ 

Since the bcginniing o f  this century, several significant changes have 

occurred i n  the urban land use patterns of western countries as a result 

of the development of new transport technologies. One of the major physical 

manifestations of this evolution has been tlie increasing geographical size 

of urban areas. Urbarl growth mainiy took place i n  very low densities 

outside t rad i t iona l  urban centers. This phenomenon, vhich became known 

as urban sprawl, i s  one of the most important characteristics of modern 

urbanization. 

tlowever, there isl a widespread concern tha t  this present pattern o f  

urban development is rather wasteful of limited resources such as energy, 

crater, farmland, and open space. 

the suburtanizing trend has contributed t o  the economic and social problems 

of central cities. Until recently, there was no urban policy reaction 

t o  stop these trends. 

stimulated through nevi highway infrastructure and governmental housing and 

fiscal policies. 

I t  i s  also said t h a t  t o  a great extent 

Instead, tlie suburban trend was directly or indirectly 

Only recently, some severe cases of central city decay have called 

for more p u b l i c  attention t o  the problem of declining central areas and 

i t s  relation t o  suburban sprawl. 

1974 and the subsequent precipitous increases i n  energy costs brought  a 

new sensitivity t o  the importan{-e of minitxizing energy requirements i n  

all sectors. Furthermore, there i s  a groving concern f o r  energy conserva- 

t ion ,  as current use rates threaten t o  exhaust these fuel supplies w i t h i n  

a relatively short period of time. A t  the current rate of use, a l l  known 

I n  a d d i t i o n ,  the energy crisis of 1973- 
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petroleum resources v" d be exhausted w i  t h i n  the next two decades, according 

t o  the forecasts i n  the f i r s t  repor t  o f  the Club of Rome (1). 

used f o r  t h i s  forecast have been questioned and there i s  a lso s t i l l  a b i g  

discussion on tne length o f  the per iod (2 )  bu t  apparently whi le reserves may 

s t i l l  be wai t ing f o r  ciscovery, new discoveries and more intensive explo i -  

t a t i o n  i n  the future vli11 merely delay the i nev i tab le  c r i s i s .  

current s ta te  o f  development, a l t e rna t i ve  sources are not the answer, as 

they are e n v i r x n e n t a l l y  r i sky ,  such as nuclear energy, o r  s t i l l  technological ly 

and economically unavailable for  widespread uses such as so la r  and wind 

energy. 

The methods 

I n  t h e i r  

During recent years , the energy shortage problem was ser iously debated 

and i n  sonic? countr ies a conservation p o l i c y  was developed t o  moderate 

growing energy demands. But up t o  now, energy conservation was p r i m a r i l y  

,.,;,c:-rned \ v i  t h  a l t e r i n c  construct ion and transportat ion techniques t o  save 

energy (3). 

practices, although research has show t h a t  also i n  t h i s  way energy could 

be saved. The growing energy consumptim i s  a resul t ,  no t  only of what we 

do and hov much we use i n  our homes, o f f i ces ,  factor ies,  and shopping 

certers , hu t  also o f  where these ac t ' v i t i es  are located and how they are 

l i nked  by t ransport  system. 

c losely a t  t h i s  part ic:ular aspect o f  energy conservation. 

iiuch less a t ten t i on  was given t o  b e t t e r  land development 

So i t  i s  r!iy i n t e n t  i n  t h i s  paper t o  look more 

F i r s t  of a l l ,  I w i l l  comment on the l i n k  betwen urban form (defined 

i n  t h i s  study 3s the c,eneral spa t i a l  system) and resource u t i l i z a t i o n  and, 

i n  pa r t i cu la r ,  energy resource u t i l i z a t i o n .  I n  fact, the whole suburben 
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movemen t was made possi b7e by an inti-easing use of decentral izelct energy 

sources i n  combination w i t h  new technology. Besides the important social 

and economic consquenccs o f  spread urban development , ’It a1 so determines 

t o  a great exteltt the aiiiount of energy consun~ption. In  a xhircl chapter, 

an analysis will be ml. ‘2  o f  various urban forms i n  terms of their energy 

consumption. Basic information f o r  this analysis was found i n  some 

empirical studies which directly or  indirectly dealt with energy consumption 

and urban form -3pects. Here, I will focus on residential and transportation 

energy use, as mainly these tvio are affected by land use patterns. 

Chapter four gives an idea o f  how today’s situation should develop i n  

future by analysing thiree scenarios based on different objectives. The next 

ci;apter dmls with the question o f  whether o r  not urban policy should react 

by correctfng clArrent land use pat’irns t o  meet energy and other environ- 

- .*-:, ;xia!cgiial md economical go3ls. Important here i s  the s t i l l  

urlaiisv!ered question of vrhethei. %tut e technological developments can :hange 

ow heavy dependency on the trad I tionai energy resources. 

will also exanin2 ttle tlifferent ways ir: vhicli urban policy can influence 

enerfy use. 

an6 regional/national ‘levels !which .-ccoruins t o  previously mentioned research 

results, off?r p o t z n t i a l  LnerSy saviqs.  

p l a n n i n g  s -tic;i siiouid be accompanied by a po’2.icy strategy and implementation 

programs will be discussed. In the last  chapt?r, a Zomparative analysis of 

energy consuv- ion patterns in tiie U.S. and !!cstern Eltropean countries will 

be set up t c  tes+ the value of tiie energy sa ing l a n d  use policy in different 

This chapter 

Here some planning directions will  bc summed u p ,  for bo th  locai 

Fiiially the ways i n  which this 
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socio-economic and political settings, as these variables determine t o  a 

great extent their possible effect. Besides having a closer look a t  current 

conservation policies i n  the U.S.A. and E.E.C. countries some prerequisites 

for future energy saving land use policies i n  these countries will be 

discussed. 
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2.  RELATIOWSHIP BETNEEI.! URBhb4 FOR[ i AilD ENERGY 

The r e l a t i o n  between urban form and energy i s  defined by energy require- 

ments for  space condi t ioning and transportat ion energy needs (Figure 1). 

Energy consumpticin fo r  heating and cool ing i s  i n d i r e c t l y  influenced by 

urban form v i a  land use parameters such as bu i l d ing  types and the way 

d i f f e r e n t  land uses are mixed, 

the s i t e  arrangement, which are re la ted  t o  t9e t o t a l  space condi t ioning 

requirements and how these can be met. Theoret ical ly,  where densi t ies are 

high, res iden t ia l  and commercial u n i t s  are frequently smaller and often 

share connnon wal ls  o r  are located i n  l a rge r  structures providing up t o  some 

l i m i t ,  economies fo r  space heating and cooling. 

Both determine the po ten t i a l  densi ty and 

However, the major inf luence o f  urban form on energy consumption has 

been through the development o f  a t ranspor tat ion network. Both land use 

nmmete rc  snd shape of the urban area inf luence t rave l  behavior v i a  the 

distance factor. ',!here employment and commercial centers are located rl?-.- 

t o  res iden t ia l  areas, t r a v e l  distances w i l l  be reduced. Vhen urban develop- 

ment fo1loi.r~ ce r ta in  patterns based ugon major t ransportat ion corr idors ¶ 

and a t  s u f f i c i e n t  densi t ies,  people and goods can be transported by more 

enersy e f f i c i e n t  modes. This p a r t  of the re la t i onsh ip  between urban form 

and energy vorks i n  two direct ions.  A spread urban pat tern requires a 

h ish l eve l  o f  energy consumption because o f  the preference for p r i va te  

t ransport .  This has alllowed and promoted f u r t h e r  development of remote 

areas. 
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lH th  every change i n  the means of transport, the urban pattern has 

been affected (see Figure 2) (4). Up t o  the middle o f  the 19th Century, 

urban areas stayed rather dense and compact. The only w a y  t o  move from one 

place i n  town t o  another was t o  walk or, i n  the best case, using a carriage. 

‘.‘ith the construction o f  the r a i l  road, urban growth became possible farther 

out from the dense core and developed i n  a star-shaped form along the main 

l ines. But s t i l l ,  the f i r s t  suburbs were f a i r l y  dense settlements b u i l t  

around the stst ions, as people s t i l l  had t o  walk t o  the stat ion. The l a t e  

19th Century streetcar l ines  opened up new wedges of developed land, but  

urban growth was s t i l l  bound i n  narrow s t r i ps  defined by these t r a n s i t  

l ines.  It was only af ter  the automobile became widely used i n  the 20th 

Century tha t  the land between the wedges became developed. Especially af ter  

blorld War 11, when new roads and highways were constructed, suburban growth 

continuously expanded far ther  i n t o  the country, and i t  was characterized 

by f a r  lower densit ies than before. Gradually the distinctSon between 

urban areas and countryside became blurred as the character ist ics of both 

c i t y  and country were found i n  most urban d i s t r i c t s .  

This new physical pattern for urban growth also had an important impact 

on urban l i f e  i t s e l f .  Suburban development consisted mainly of new single 

family housing b u i l t  on large l o t s  o f  land and wi th  plenty of green spaces. 

Thus higher and upper-middle class people were at t racted as they could afford 

an automobile t o  commute. A l l  the suburban housing being new and expensive, 

there was 1 i t t ;e  chance that  low t o  moderate-income fami l ies would be able 

t o  buy outside the c i t y .  Since central c i t i e s  increasingly held only the 



Fig.  2 Transport innovations and urban pattern. 

Waf kinglhorsecar era (pre-1850) 

rai 1 road era (1850-1880) 

electric streetcar era (late 1880's- 

automobile era (1920-1945) 

freeway era (1945-. . . .) 

92 



-9 - 

less skilled and the less affluent viho could not leave, there was l i t t l e  

incentive for business t o  stay. So the second downward cycle started 

working, as manufacturing and office employment also mved out o f  the 

central c i ty  t o  scattered locations i n  the suburbs. 

Suburban settlemetits usually are composed of large and specialized 

segments of housing, industry, commerce, and recreation areas. Access t o  

all these basic functions requires t h a t  people migrate dai ly ,  often over 

g m t  distances. 

are economically inefficient. Every trip must be made by car  and therefore 

livlng some miles farther or near i t  makes l i t t l e  difference. The pro- 

gressive t r end  tonards individualized transport systems is indicative of 

the whole individualized l j  :cstjtle i n  the suburbs. The large suburban 

lot offers ample space for the whole family t o  create as nearly to t a l  a 

recreational and leisure time environment as possible. So, social act ivi ty  

outside the home is n o t  t h a t  essential anymore. Some people fear t h a t  such 

a development 'I. ..tends t o  decrease the prospects for  the human contact 

so important t o  the soc al lzat ion processes of a person." ( 5 )  

In this scattered pattern, p u b l i c  transportation systems 

This highly ind iu i  ualized settlement pattern is also known t o  be 

highly consumptive of limited resources. Large areas of the best farmland 

and open spaces of h igh  environmental value have been reshaped in to  homogeneous 

suburban lawns. The desire for unspoiled places defeats i t s  own end; those 

places are rapidly spoiled as more and more people move into them. The act 

of building construction is  by definition an ac t  of land destruction (6).  

In addition, a spread urban pattern requires a costly layout of roads for 
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pr ivate transport and b i l l i o n s  have t o  be spent t o  provide the remote areas 

wi th  sewer and water l ines.  

portat ion system and, up t o  now, only the pr ivate car could give such f l e x i -  

b i l i t y .  Consequently, t h i s  pr ivate transportat ion system has developed 

high levels of energy consumption. The use of petroleum products i n  

par t i cu la r  has expanded very f a s t  since i t  became avai lable as a decentra- 

l i zed  energy source useful f o r  pr ivate transport. 

Urban sprawl also requires a f lex ib le  trans- 

Hence, the re la t ion  between energy and urban form seems t o  be reciprocal. 

Because of present land use patterns, certain levels o f  energy consumption 

are required for the operation o f  urban systems and f a c i l i t i e s ,  The above 

h i s to r i ca l  overviev, on the other hand, has shown that, because o f  changes 

i n  energy sources and transportation, changes i n  land use patterns have 

occurred and probably v i11 occur i n  future. Typical of the current stage 

of the process i s  that  it has a cumulative effect. The indiv idual ized 

energy supply system which fac i l i t a ted  the spread pattern i s  now accelerated 

by the nature of the pattern i t s e l f .  This r i s i n g  trend i n  energy consumption 

seems t o  be i r revers ib le  as long as urban growth continues t o  f o l l o w  the 

same pattern. 
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3. ANALYSIS OF URBAF;I FORMS IN TERMS OF ENERGY CONSUMPTION: EP!PIRICAL 
STUDIES AND RESULTS 

In order t o  get a n  idea o f  the differences among energy uses as a result 

of variations i n  urban form, this chapter will examine a number of recent 

studies on energy consumption i n  urban areas. Here again, we will focus on 

the resfdential and transportation sectors, par t icular ly  on the aspects affected 

by land use parameters. Data on energy use i n  existing urban areas i s  almost 

totally lacking so t h a t  most of the following! studies are based on simulations 

of bo th  hypothetical and real urban structures. 

3.1. How i s  residential energy consumption affected by different land 

A variety of research approaches bas been used t o  answer this question. 

use patterns? - 

One of these examines actual enerqy consumption on a regional scale in the 

New York region, an area which included nearly 20 million people in 1970, 

spread over 31 counties (including I<ew York City). This study undertaken by 

the Regional Plan Association ( 7 ) ,  presented some very interesting findings: 

the region has bo th  a lower per capi ta  rate of energy use and a different 

sectoral pattern of U!je t h a n  the nation as a whole. 

Residential energy use accounts for 31.5% of total energy use compared 

t o  the U.S. average o f  18.4%. The per capita residential consumption i s  

22% greater in the ;?Jew York area (8) t h a n  the average for the country 

although the area has the highest density o f  all S . H . S . A . ' s  i n  the country. 

This rather puzzling observation may be pa r t i a l ly  due t o  the relatively 

higher per capita income level i n  the Mew York area, and,  t o  a certain extent, 

also t o  the climate differences. The study d i d  a further examination of 
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the relationship between urban and spatial structure and residential energy 

use by looking a t  intra-regional variations (Table 1 ) .  

t h a t  the per c a p i t a  enlergy consumption i n  the residential sector was nearly 

constant a1 though densities differed considerably (densities ranged from 

53 persons per square ,tile i n  S u l l i v a n  County t o  almost 70,000 in Manhattan). 

However the residential energy consumption measured per dollar of income 

does show an increase w i t h  a decline o f  density (Figure 3 ) .  This latter 

increase i s  only caused by residential use of electricity. There i s  a l so  

an increase in residential energy consumption per square foot  as density 

declines from central New York City toplards Richmond, Westchester Nassau and 

Suffolk. 

An explanation for  this phenomenon was n o t  given. Although i t  i s  very difficult 

t o  analyze ther>e figures because o f  the interrelation of density - income - 
floor space - residential energy consumctiong we can guess tha t  i t  has some- 

thing t o  do iz4th the lower insulation capacity in single family detached 

housesp which results i n  higher heating and cooling needs ( 9 ) .  

Here i t  was found 

However, this does not  ho ld  up i n  the other parts of the region. 

Another approach f o r  examining the relationship between energy and land 

use is to  consider various development scenarios for accommodating specific 

needs, and then t o  relate the alternative land use patterns t o  energy use. 

An important study using this methodology was The Costs of Sprawl (10). 

Detailed cost estimates were made o f  6 hypothetical neighborhoed prototypes 

(each accommodating 1 ,,OOO dwell ing units) and 6 community srototypes (each 

containing 10,500 dwelling units) Table 2 ) .  The neighborhood prototypes were 

based on housing types, ranging from single-family detached houses to  high- 
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TABLE 2. SUMMARY OF PF!OTOTYPES 

- &ti ghborhood Community 

three populations ranging from 
2,,825 to  3,520 used 

Population Varies according t o  housing type; Population of 33,000 
same for  a l l  communities 

Dwell i n g  Units 1 ,,OOO for each neighborhood 10,000 for each commcnity 

Acreage Varies from 100 t o  500 acres, 
depending on assumed densit ies 
and housing types 

6,000 acres for  each 
communi t y  

Development Convention21 md clustered Planned sprawl and 
P a t k r n  combination 

Housing Types (!;) Single-fami ly ,  conventional ( I )  20% mix;  planned 
(B ) Single-f ami ly , cl us tered 
(C ) Townhouses, cl us tered 
(El) !!a1 k-up apartments 

( E )  High-rise apartments 

(11) 20% m i x ;  combination 

(I\!) 75% single-fami ly 
conventional ; planned 

( V )  75% single-fami l y  
conventional 25% 
s i ng 1 e- f ami 1 y cl us tered ; 
s p raw 1 

cl us tered 20% town- 
houses 30% walk-ups 
40% high-rise apart-  
ments ; planned 

(111) 20% mix; sprawl 

( F )  20% mix of each type 
(VI) 104: single-family ( N - ( E )  

Environments "Undistinguished" s i t e  with Same as neighborhood 
typical environmental features ; 
not s i te  specif ic  

Conmerci a1 Convenience center, 7,500 square ( a )  S t r i p  commercial 
fee t  of building area, 21,780 
square fee t  of land area 

deve 1 opmen t , 200,000 
square f ee t  of b u i l d i n g  
area, 1,056,000 square 
f e e t  of land area 

(b) Center commercial 
development, 240,000 
square fee t  of bui  1 din? 
area 740,000 square 
fec t  o f  land arm 

SOURCE: Real Estate Corporation, op. c i t .  
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r i s e  mu l t i - f am i l y  housing. 

o f  the various neighborhood housing types and d i f f e r e d  i n  the amount o f  

community plannins (11): s ing le family conventional land use patterns ( o r  

suburban sprawl) ; c l  usterkd s ing le family homes ; clustered townhouses; wal kup 

apartments; h igh r i ses ;  and a planned m ix  of bu i l d ing  types. 

a! minor aspect i n  the t o t a l  cost evaluation o f  d i f f e r e n t  development patterns, 

-gy consum&lon \Alas analyzed on both the neighborhood and the community 

leve ls .  

Each of the 6 community types contained a mixture 

Although only 

On the neighborhood level  res iden t ia l  energy consumption was d is-  

aggregated i n t o  the d i f f e r e n t  housing types. However, no d i f f e ren t i a t i on  was 

made t o  i d e n t i f y  the space condi t ioning requirements (space heating, cool ing, 

a i  r condi ti mi nij) of {:"lese _ I f  f f c r e n t  hnusinrJ t y ? s  f re? o t h w  res idct:ti a1 

cnerclv uszs (1 i;'; tin!$ t b  w e r  , these factors  do ; lot  

rff"Fer t h 8 t  YAC'I \ * T t +  hour,Tnr t;yv. In Ta'- le 3, it can I.. see3 t h a t  cas 

an,; e l e c t r i c i t y  ilse, i t i thour? t' 

f a r i l l 1  hcysinc, :'as less t ias? h a l f  t!:at mrwt f o r  I?i#or density rciphbar- 

bmC: ( ' i i zh- r ise i,Farticnts). 

Wh?-,&. t o  the i l i r ierstrys of thc- d ~ ~ e l l i r ~  u n i t .  

? ~ ~ ? r ~  for wace i x z . t i i ! r  ar,< cocl iny :;-causr the f l c a r  ?,re? t s  sm?ter ad 

'WWSQ less heat i s  'Imt t+rwr_;i cyts ids w i l l s  

agpl iances , etc,) . 

s a r ?  frr det;lc!ied a d  a t t a c k ( :  s i n f l e  

Ho1fcvar, ? ; l i s  .difference z p i l r  i s  par t l t ,  

?crscr $oufiilr i'scs rUC? Lass 

roofs (72). 

On the community l eve l ,  the d i f ference i n  heating and cool ing Deeds 

dmwed a s fm i la r  dependence 0r1 housing type through the va r ie t y  i n  i t s  

composition {Table 4). A high densi ty planned cornuni ty would use on ly  ha l f  

as much enerty for heating and cooling as a low densi ty sprawl COtnmVnitY. 



Table 3: Neigbourhood cost analysis: gas and electricity. 

housing pattern 

single-family single-family townhouse walk-up high-rise housing mix 
conventional clustered clustered apartment apartwnt (20% o f  each) 

anhual gas consumption 1,872 1,872 1,248 948 792 1,344 
per unit 
(in therms) 

annual el ectri c i  ty 61,166 61 , 166 39,734 29,759 25,524 - 
consumption per unit 
(in KWH) 

1 KWH=3,413 BTUs 1 them=100,000 BTUs 

- - 

Source: Real Estate Corporation 

Table 4: Community &ost  analysis: gas, e?ectricity and gasoline. 

cammvnity development pat te rn  (10,000 u n i t s )  

planned mix combination sprawl m i x  low density low density high density 
mix:50% PUD planned sprawl p 1 anned 
50% sprawl 

natural gas 9,994,180 9,994,180 9,994 , 180 13,476,900 13,470,900 7,951,770 

electricity 220,046,750 220,046,750 220,046,750 295,227,080 295,227,080 177,251,577 
(therms per  year) 

( K W  per year) 
gaso! ine 8,200,333 9,879,333 11 ,777 ,333  10,658,000 13,115,667 6,594,333 
(gaJ?ons per year} 



A more recent study, based on development scenarios for  the bletro- 

politan Washington ares, (13) showed similar resul ts .  

development scenarios were presented to  meet the reoion's future grovth. 

They include: ( a )  dense center - hirJher density, more concentrated develop- 

ment focused on the metropolitan center; (b)  transi  t-oriented - growth 

t ied t o  the t r ans i t  points of tho planned iIETRO-systems; ( c )  wedges and 

corridors - a l l  new development located i n  a r ad ia l  configuration along 

rapid r a i l  t r ans i t  routes and Concentrated near s ta t ions;  ( d )  beltway-oriented 

- a l l  new development located along a circun:ferential highway:, ( e )  sprawl - 
low density, non-contiguous residential cyolnlth a t  the fringe ttith new 

employment primarily a t  the metropolitan center; and ( f )  wedges and corridors 

w i t h  income balancc '- the household and employment allocations derived under 

the regular "wedges dnt! corridors" were maintained, b u t  the differences i n  

average household income i n  different parts o f  the metropolitan area were 

reduced. 

various patterns is  measured i n  increments - from the present baseo assuming 

total  population and employment do not vary by scenario. 

concluded tha t ,  for  the forecast year (1992) a savings of respectively 82 

and 7% o f  residential energy use (whicl! accounted in 1973 for  31% of total  

consumption) would be realized hy "dcnse" and "transi t-oriented" development 

rather than "sprawl . ' I  (Table 5) 

S i x  different 

For each o f  these, the energy consumption attr ibutable to  the 

- 
Ihc project 



.. 
.A " i 

Table 5: 

__ -_-_ - - - - 

'Wedges & 
Corridors 

1973 "Ledges and "Dense "Tramit-  with Income "Beltway- 
Balance" "S~rawl" Oriented'' Consumption by Sector - Base Corridors" Center" Oriented" 

Res iden.tia 1 
Increment 
Total, Forecast Year 

Commercia 1 /I ndus t r ia 1 
Instftuticnal 

Increment 
Total, Forecast Year 

Transportation, 
Automobile 

Increment 
Total, Forecast Year 

Transportation, METRO 
Increment 
Total I Porecas t: Year 

Total 
Xncremeslt 
Total, Foxecas t Year 

265.3 
109.9 
375.2 

176.6 
78.9 

255.5 

562.3 
260.7 
823.0 

91.0 
356.3 

78.9 
255 e 5  

35.1 
153.0 

12.4 
14*9 

217.4 
779.7 

95.8 
361.1 

78.9 
255 . 5 

33,1 
151 .O 

49.04 
14.9 

220.2 
782.5 

109.9 
375.2 

78.9 
255.5 

46.8 
164.7 

12.4 
14.9 

248 . 0 
810.3 

122 . 6 
387.6 

a8.9 
255.5 

70. Q 
188 e 5 

12.4 
14.9 

284.5 
84608 

112.4 
377.7 

78.9 
255.5 

52.2 
170.1 

12.4 
14.9 

255.9 
818.2 

SOURCE: Real Estate Research Corporation. 
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The Port1 and Energy Conservation Project vas one of three demonstration 

projects funded thy the U.S, Department of trousiny and Urbar! Development t o  

explore ways for  local governmnts t o  improve the i r  overall manaTement cf  

energy. 

S.il.S.A. energy use. 

used for  space conditionin3. 

Residential energy consumption s.ccounts for  21% of the total  Portland 

3f t h i s  residential energy use, approxiiiiately 70% i s  

Therr aga in  i t  was found t h a t  eriergy needs can 

be reduced in a considerable m y  by building homes which have more common 

walls and f loors (tow-,-houses, duplexcs serfii-detached houses and apartments). 

These lower energy requiremefits I ! C U ~ C ~  resul t  from a reduced m o u n t  lc!f exposed 

surface 14iich loses heat (Table 6 ) .  

TABLE 6.  ENERGY EFF'[Cf:Ei!CY OF ALTERIIATIK HOUSING TYPES (dew Units) 

?ji l l ion Btu's Used 
Per Year %r Energy 
Space fieat Savi n p  - iype of Unit and Zon.ing* 

One-story sincle fawily home 64 
(I?lO> R7, K5 zoning) 

Two-story single fam ly home 59 
(1110, 27, R5 zoninci) 

Base 

8% 

Two-story duplex (A2.5 zoning)  a? 30% 

Two-story t r iplex ( A I  zoning) 42 3!j% 

Low-rise condominium or apartment 
w!-ch the same living space as a l l  
of the above units (A1 zoning) 

38 

Typical 1 ow-ri se apartment w i t h  
less  space thar! the (above units 
( A 1  zoning) 

21 

40% 

6 :7$ 

*All units are 3-bedroom homes except thc l a s t  u n i t ,  which is a typical 
smal 1 2-bedroom apairtment. 
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9 .  Heyes sunimarized some recent research in the comparative chart i n  

Figure 4 ( 1 5 ) .  

fanii 1y detached through small mu1 ti  -fami 1s t o  skyscraper ~ 

indicates therms consumed per square f o o t  (a  tlierni i s  equal t o  100,000 Btu 's) .  

~ h e  influence of structure s ize  on consumption i s  removed by e.xprcssing 

energy consumption on a square f o o t  basis. 

pure empirical analysis usin? data from individiial structures t o  simulation 

analyses based on engineering principles. 

there i s  a f a i r l y  wide r a n y  o f  consumption per square foot figures fo r  any 

buildinc: type. This i s  n o t  svrprising considering the various methodologicai 

approaches t l ia t  were used9 and also the different  parts of t h e  country from 

which the data were taken. 

the curves which indicate an increase in energy efficiency (of about 30 t o  

40%) as one cbanges from single-family detached dwll ings t o  units i n  small 

high-rise buildings. The data a l so  suggest t h a t ,  beyond s o w  threshold 

number of floors in a multi-family styucture2 the amount o f  energy tliat i s  

needed to  run the e evatorsy t o  l igh t  and heat the common areasp and t o  

transport water and waste material wrt ical l ; !  outweighs the therma? efficiency 

advantages of the individual units (16) .  

these curves (not enough data on higher densit ies) 

t h a t  medi um densities have a re1 at-ive low mergy consumpti on level l-leyes 

also cited figures o f  some national U.S. - energy consumption data of 1968 

:.!here the tc+dl residential rnergy consumption accounted for 19% of the total  

energy consumption. 

The horizontal axis indicates b u i l d i n g  dcnsity - from single- 

I he vertical  ax is  - 

--  

The tWthOdOlOg~ US& ranc!es from 

In  the c!mrt, i t  cain be seen t h a t  

However, there i s  consistency in the slop? of 

Although i t  i s  not real ly  proved by 

one can a t  least  conclude 

Residential spscc heating and cooling represented 60% 
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of t h a t ,  and 45% cjf the  space conditioi;inc energy nezds represented only 

E! t o  9% of total  energy consumption which makes savings potent ia l i t ies  

i el ativcly 'I ON e 

I t  i s  s t i i  1 not  !.:;-!own t o  w h a t  cxteilt ncv: technologies (e .g .  heat puinps, 

s 3 i w  and !aind energy, et,:.) will replace or r d u c e  the need f o r  tradit ional 

energy resources for  residential space conditioning requir?ments. There i s  

only one thing one ciln say for sure, ann that i s  that  they will become 

increasingly i.-?ortant as they become techni czlly inore perfect. 

also have a considerable in?act on the land tlse pattern. 

of the \.::e of individual solar  collectors 

an agent for energy i r :pu t ,  thcr&:_v cncouraying s insle  family housing units. 

In a d d i t i m ,  a lower poF;ulation dens i ty  : m ~ l d  reduce the pctential s . : g h t  l in?  

conf 1 i c t s  (1 7 ) .  

:age of relatively lower capital costs , more ef f ic ien t  opera.t.ion and lower 

,,,xf qu i remcn t s .  Curthermore they arc more appropriate for application 

i n  existing urban arcas. 

eqer9.j sild heat pumps. 

b u t  n o t  necessarily,  

economical and sociological trade-offs a 

This may 

E.g. i n  the caw 

exterior sur't'ac? area becones 

However, col lec t i  vc communi t y  solar systems have the advan- 

The 5am2 applies t o  other system such as wind 

Nost. of thew systems are potcntial l y  decentralizins I) 

l h t h 2 r  or n o t  th i s  wi'l happen depends on the 
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3.2. How is  transportation enerqy affected by diffcrent  land use 
patterns? 

I will now turn to travel patterns and hence the transport(2tion energy 

use generated alternative spatial  structures.  Besides land use parameters 

such as building type and land use mix the broadsr spatial  configuration of  

the area also must be taken i n t o  consideration. This i s  related to  the 

assumption abou t  the impact of density and shapc on t h L  choice of mod2 of 

transportation. 

i s  assumed t l ia t  there arc fewer and shorter automobile t r i p s ,  m r e  biking 

and walking and greater use of t r m s i t  or other forms of collective trans- 

port which are much more energy-efficient than the orivate autoinobile (19) * 

Support for  these assumptions can he found i n  several recent theoretical 

and practical studies (20) 

the transportation energy cffocts of various land use patterns,  are more 

tr;;lirous in the i r  conclusions and, in addition, show higher enerny savings 

i n  the transportation sector than was the case for residential energy 

consumption. 

4s peDple l i w  closer together and closer t o  their  jobs,  i t  

Post of t h e  following research reports touching 

In  s, Dutch study called "Space Consumptior, on Building Consumption" ( Z l ) ,  

an extensive analysis was mad:. of d i rec l  arid indirect  transportation costs,  

both  for  private and public transport, i n  relation to  two possible future 

decsity patterns: 6 dwellings per acre (15  dwellings/ha) i, which was considered 

as low denrity development (spacc consumption); and 12  dwellings per acre 

(30 d\scllings/hZ) , \vhich was considered moderate density (building consump- 

t ion) .  

residential preferences. 

60th densities wwe chosen ir! terms o f  consistcwy with current 

In t.l 12  dwcllings/acre pattern a. l o t  more travell ing 
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l~~ould be don3 by walking, b i k i n g ,  or w b l i c  t rmspor t ,  so t h a t  the averagz 

distance driven by c w  would only be on;- third of the number Iof miles 

traveled i n  a 6 dwllings/acre pattern. 

use would be proportionate. 

Obviously, transportlition energy 

Keyes cited figui.es o f  the 1962 U.S. s t n t i s t i c s  ( 2 2 )  wlicrc the trclns- 

portion sector reprewnted 25% of total  energy consumption. ;,bout 60% of 

thc7t moun t  i s  consuiiied by passenwr t r a w l ;  of t h a t ,  mother 60% i s  

consurred by urban passenger travel (3  or 9% o f  total  energy consumption). 

T h e  Portland Energy Conservation Pro,ject study estimated the transportation 

ener9.y use i n  1975 017 27% of the total  energy use in ths Portland S.il7.S.A. 

75% of the S.:i.S.A. transportation energy i s  accounted for  by privately 

owned automobiles, 11% i s  used for  trucking, and only 1% i s  used for transit. 

I'he other 13% was used by a i r ,  r a i l  and other transport. The annual number 

of miles travtlzd by residents of t h ?  Portland S.M.S.A* differs  not only 

~ i t h  t he i r  location Iiiside the area b u t  also w i t h  the density of the ?rea,  

mused by the typc o f  housing ([able 7 )  e 

TABLE 7. AWICL VLII ICLE TRAVEL 
y!umbzr of Vehiclc r:iles Traveled per Householrl in the 3egion 

Type of Household the City the City the City the City 
Single Family 12,228 miles 15,100 rniles 14,918 milo!; 18,422 miles 
~idlti-Faniily !?,78S miles 12,081) miles 11,934 miles 14,738 miles 

1975 1935 
L i v i n g  Inside L i v i n g  Clutsidt. Livincl Inside Living 3utsick -. 

SOURCE: Skidmore, Ovings .O: k r r i l  on. c i t .  
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In  1975, the typical single family house occupant living i n  the c i ty  traveled 

about 3,000 miles (20%) less  than a perscn living in the outlying areas. 

the same difference could he seen khen comparing the annual vehicle travel of 

the two density patterns. 

i n  these differences ~ 

About 

The estimates fo r  1995 show an ever? further increase 

In The Costs of ,Sprawl gasoline use was also clearly re!<ated to  the 

spatial  pattern of the community v i a  transport2tion demand. 

sp rwl  pattern,  tlvjice as much gasoiine was used for  transportation as in a 

high density planned loattern, a resul t  o f  the differences i n  t o t a l  annual 

vehicle iniles traveled (Table 4) e 

I n  a low density 

Transportation energy use was direct ly  correlated w i t h  density in the 

Regional Energy Consutiiption Study of the l4ew York Region. Of i111 sections9 

the transportation sector seem t o  !it. riost subject to  variations w i t h  density 

changes. The transpo'rtation energy consumption measured per capita shows 

a relatively sharp d r%ip  (from 80 t o  30 million 13tu per capita) in the range 

between 1,000 and 49,000 persons per squa.re iiiile (resp.  386 and 15,000 i n -  

ha .b i t an t s  per square k m . )  and then r ises  sharply again in Flanhattan. 

This can be explained by the fac t  that  travel goes u p  w i t h  income and 

Manhattar! has the hi9hest income per capita in the region. ;ileasured per 

dollar o f  income, energy consumption for  transportation r i ses  !;teeplJl and 

continuously ! v i t h  declining density, from a low of 9,000 B t u  per dollar 

incow in the central high density areas t o  about  33,000 B t u  a t  the edge 0.F 

the region. Tri is pattern i s  i n  part a resul t  of more t r i p s  on f o o t  and by 

public transportation and fewer and shorter t r i p s  by car i n  the c i ty  area. 
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factor i n  explaining these diifferences. In 

t tern plays a decisive role {in the cons rriiption 

pattern. There i s  a ncw urban pattern t h a t  i s  perv3ding the nation, vrhich 

the R.P.!,. has called "sprea.d c i ty , ' !  (23) I t  d i f fe rs  from tradit ional c i t i e s  

and suburbs because ,j:,Ss inci  services are no longer located in the center of 

the urban area or close to  the residential area. 

scattered on the edges along the main expressways and highvay interchanges 

total  ly separ3t.zd from the rclsiden ci a1 areas 

m?.y he similar t o  some more tradit ional urban areas 

i s  much higher because almost a l l  t r i p s  must be done by car,  

Now:, they arc more and more 

A1 though the average density 

transportation energy use 

A1 so the metropolitan I,!ashing-C,on area s tudy  showed considerable savings 

i n  the energy sector when the dense or t r ans i t  oriented scenario was followed. 

.4lmost ;I& of transnortation energy use wuld be saved by exchanging the 

"sprawl" pattern for  a "transi t-orientwi" urban structure,  

A recent study i:ndertaken a t  Northwsterm University (U.:S.A.) analyzed 

thc? impacts of various urban transportztion and land USE! policies on trans- 

portdcioil energy consumption. 

different energy-conserving transportation mi land use policies on three 

This r2sesrcI.l \.ras based on t h ' 2  simulation of 

hypothetical urban structures : s, concetitric-rinl:: c 

l ine c i ty ,  and a more radical polynucleated c i ty .  

grow from a population of 100,000 t o  125,000 under 

narti  cul a r  pol i ci es t o  be tested , These experimen 

ty ,  a one-sided or shore- 

Each of these c i t i e s  would 

the application o f  the 

s produced some very 

interesting ~ s u l t s  on the wa-y c i t i e s  would respond to  tlw -implementation of 

energy-conserving pol i cics ~ 

exnerimcnts. 

Fiuuru 5 presents .the rcsul ts  of these 
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The most obvious f i n d i n ?  i s  the similari ty i n  the ordering o f  cffectiveness 

of the alternative policy changes across the t e s t  c i t i e s ,  which  makes the 

authors conclude that the rusul t s  ?re  genercl i zable t o  real -wr ld  si tuations 

( 2 5 ) .  Also remarkable i s  the lower senci t ivi ty  of the polynucleated c i ty  to  

poljcy changesg which -is probably dud t o  i t s  clustered distribution of land 

use3 which results in shorter t r i p s  and lower to ta l  energy consumption. 

Encowrazing increased average work-trip autornobi l e  occupancy seems t o  be the 

most effective policy change in rcducing energ!/ consumption. 

eliminatino transit !~~oulC/ resul t  in tht. grccltest increase i n  energy consump- 

t ion.  On the other hand, sitiiply adding mort- t r ans i t  d i d  l i t t l e  t o  imCrove 

the t r ans i t  usage and thus had l i t t l e  impact on imrwovement of energy con- 

sumption. 

reducing energy consiimpti on especi i.11 y by rcl  i evi ng conges tcd a r t e r i  a1 s . 
In particular the structure o f  the hicjhvay network would be niest important 

in this respect. Fuithermorc, trwsportation pricing actions qre not as 

effective as other policy chan?es. 

n o t  too influential  t i n t i 1  exceedingly h i g h  prices are reached. 

o f  comuter pa rk ing  prices and supply o f  Free t r ans i t  scrvices arc net that  

effective e i the r ,  but; that  varies among the different  structures.  The study 

concluded that directed urban g r o ~ ~ t t i ,  particularly when coordi niitcd w i t h  the 

existing transportation network o r  improvements t o  t h a t  network wuld  

resul t  i n  more enerqv-efficient urbm forms than uncontrolled sprawled 

gro\ith. 

Surprisingly, 

Contrary t o  intui t ion,  freeways seal t o  be an important w a n s  of 

Increases i n  t k a  price o f  gasoline are 

The doubling 
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'Transportation clnlery consumpti oil may a1 so bi! inf  1 uenced by ne!.\! 

technologies. 

systems which replace the need t o  t r a ,w l .  Innovations i n  the f i e ld  of 

two-way cable-televisi on systenis seein i n  th i s  respect quite prcirriisin9. 

Examples such as remots shopping 

decentralization, and distributing u t i l i t y  services, e tc .  can a l l  have a. 

large influence on the travel patterns (26 )  a There may also he an 

indirect  influence via t h ?  land USE pattern 5enerated by such telecommuni- 

cation innovations, a!; they have strong dzcentralizing dynamic:;. 

because of the rather speculative nature of the issue, a t  this moment 

there are almost no quantitative d a t a  available on the transportation energy 

ef fec t  o f  such innovations. 

which iridestigated t h e  energy cost o f  alternative future transport relr.,tions 

dependent on the land use pattern. Of the s ix  alternatives (presented i n  

Figure 61, the neighhrhood center concept, based mainly on highly decc-n- 

t ra l ized j o b  opportunities ( fac i l i t a ted  throucjh telecommunication systems) $ 

clearly had the lowest trmsport?tion energy consurnption level 

This i s  possible in a direct  way via nevi telecommunication 

using teleconferencing systems in off ice  

I'ainly 

However, there i s  a study by R .  Harkness (27)  



Fig.t,  
FIGURE 2.20 

Energy Costs of Alternato Future Transport 

L 

Y Source: R. C. Harkness, Telecommunications Substiktes D,r 
7 Travel (Springfield, Ya. : National Technical Information Service, 
19731, p. 471. 

and Goiany, G . ,  oi . c i t .  
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3 . 3 .  Conclusions and remarks 

On t h e  wholes the previous overview of research results confirm our 

intuit ion that  there are significant opportunities t o  save energy by more 

conscious land use planning. 

various studies i s  d i f f i c u l t  because o f  the use of diffcrcnt methods Gf 

Although compzrison of the findings of the 

analysis, and not withstcnding criticism of the rough estimates and of the 

use of some "non rea l i s t ic"  theoretical concepts and practical pethods (28) 

i t  seems safe to  mzke the following conclusions (adding some c r i t i cp l  

remarks) : 

- Space conditioning energy requirements s x m  t o  be lower in higher density 

clustcrcd housing areas b e c a m  the units are bet ter  insulated through 

comnion walls or ceilirip. However, the research findinFs show considerable 

differences i n  the i r  consumption figures a n d ,  i n  addition, some ind imte  

a threshold in the potentis.1 savinils. 
i- 

As the current research in th i s  f i e ld  

is  s t i l l  in a pioneeriing stage,  furtkm analysis i s  needed to  substantiate 

th i s  relationship in ii quantitative and quali tative sense. 

- The prospect of energy savincs through land use planning i s  riuch greater 

i n  the area of transportation. ,411 th? studies agree that by 'locating 

land uses so that  pcogle can travel shorter distances for  each t r i p  
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seems to  be detcrminsnt for  potential savings.  

- As most of the energy savin9 1 m d  use Fatterns require complete reorgarti- 

zation of currcnt pa t tcms,  i t  i s  clear that  th i s  can only be pursued as if 

p a r t  of 8 long-rangc s1:rategy. 

eneryy savings can t?? obtained by other conservation policies.  

- A t  the current stzge,  i t  i s  practically unknown what the exact impact 

would be of future technological innovations such as solar and wind energy 

and telecommunications on both residential and transportation energy consumv- 

tion. Technology may riot only help t o  solvc the shortagc problea b u t  i n  

c7ddition may induce ne\&! spatial  patterns. 

- Civcn r.11 the uncertninties, desirable land use patterns should be judged  

on many c r i t e r i a .  

consideration 

In  the short run, howvw9 subs tan t i21  

Hencc, energy use i s  an important, b u t  not the sole ,  
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4. ALTERNATI\IE SCEMRIOS FOR FUTURE URBAN DEVELOPPIE!\!T 

Eaving seen some technical evidence of the real l i n k  between urban 

form and energy use in the empirical studies mentioned above, YC can s tar t  

seriously considering what can bc done i n  this field to  conserve energy. 

Before considering whether or not  urban p l a n n i n g  policy changes &re 

necessary t o  encourag,! desirable land use patterns, i t  i s  inportant to  know 

which land use trends are moving i n  the direction of energy conservation 

and which are not.  

To explore this, I will use the scenario method. I n  a scenario, a 

description i s  made of a future situation and o f  all the developments which 

lead t o  this situation. 

the consequences o f  certain developments and their mutual relations. I n  

a d d i t i o n ,  w i t h  this method, i t  is  wsier t o  detect possible conflict 

situations i n  the future. 

analyzed based on a different fundamental concern: 

a )  

b )  

c)  

For each scenario, the most important sacial  and economic implications 

will be mentioned, toycther w i t h  the spc?tirtl frawwork which i!; generated. 

Furthermore, special ,attention vi11 be given t o  i t s  energy consumption 

characteristics. I t  should be stressed t h a t  these scenarios are not 

policy alternatives. 

speculative. They can only be interpreted as touchstones on which more 

In this way, we may become more aware of some of 

Three possible urbaniza t ion  scenarios -- wi 11 be 

a scenario based on the maximum freedom for each i n d i v i d u a l  ; 

a scenario based on a collective welfare view; and 

a scenario based on a general environmental quality concern. 

F'iany things in tile scenarios are s t i l l  uncertain and 
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elaborated pol icy a1 t e r n a t i v s  can be bu i  1 t 

4.1. Scenario based on the maxim1 freedom for  each individual __I 

- basic trend: future urban grov.rti.1 \trill follow F, rather random se t t l e -  

lnent pattern P i i t h  as l i t t l e  planning i n n u t  as possible, 

economic and social implications: 

the general prcfcrcnce for  single-fami ly detached housing parallel 

w i t h  technological innlovations described above wi 11 genzrate a spread urban 

pattern, c?lonc with hiqh individual and public social economic and 

environmental costs ( largcr  ciistanc?? commuting, expensive infrastructure,  

loss of valuable agriculture land). 

e i a l  framework: 

current trends of suburbanization ni 11 continue probably resulting i n  

a spatial pattern similar t o  t h a t  suggested by Scott Greer (The Emerging 

City) or  by Doxi adi s (Ecumenopol i s )  based on a highly indi vi dual i zed transport 

sys tem. 

energy considerations: - 
besides market price adjustnients o f  fuel costs ( t a k i n g  into account the 

growing scarcity) w h i c h  will only have c7 mincr short term e f fec t ,  no conserva- 

tion incasures will be taken and energy consumption n i l1  grow even f a s t e r  w i t h  

the generalization of the spread urban pattern. 

4.2.  Sca-iario based on a collectivc welfare view 

basic trend: future urban growth will pursue a settlement pattern 

which maxirniz2s the quality of l i f ?  (messured in terns of  material conditions) 

from a collective p o i n t  o f  view (including ai equal distribution of income). 
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economic and social implications: 

further economic growth i s  necessary to rercove the inter-  and intrr?- 

region21 welfare differences and to  stimulate research m d  development of 

new technologies ; because o f  the genzrzl sol i dari ty col l cc t i  ve costs wi 11 

be mi ni mi zed. 

spatial  frainework: 

suburbanization will continue on a moders.ted W:Y, particularly because 

of the strong decentral izins dyn?.mics of nev technologids which provide 2 

substi tute f o r  physical movement (tclework, teleshopping, tclemed, e t c . ) .  

energy considerations: _c 

energy supply will incrmse bjr rneans o f  new resources while on the 

dernand s ide  two counteracting forces are a t  work: on one hand there will 

be considerable savings i n  the transportation sector (telecommunications) 

vhile on the other hand dernand iwi11 increase because of the nivell&ion of 

the consumption levels.  

4 .3  a Scenario based on a general environmental concern e 

basic trend: a fulture urban grov!th will develop a settlement pattern 

t h a t  a t  the sarfle time t r i e s  t o  maximize th l ;  quality of l i f e  fror;: i! collective 

point of vier! and meet environmentcl constraints (such as scarcity of land 

2nd energy) e 

economic and socis.1 implications: 

selective economic growth will be pursued together !vi th i! reorientation 

of the economy towards smaller self-supporting communities with low mobility 

needs; therefore drast ic  changes hzve to  occur i n  current value systems t o  
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induce the necessary changss in l i fes ty lcs .  

spati a1 framework : 

t a k i n g  into account thc environmentzl dm:,pe associated wi t 9  a spread 

urban pattern, Irban pcllicy t i i l l  react t o  promote a more dense and ~ lanned  

spatial  framework bask3 on t h s  inteeration of collective transport and energy 

sys teri:. 

energy considerations: 

energy cofisuniption wi 11 be cut strongly because of integrated energy 

systems, higher e n e r g  prices (including community cos ts ) ,  denser hous ing ,  

and  lower mobility levzls.  

4.4, Evaluation of the scenarios. 

The f i r s t  scenaricl would certainly have an importcnt impact on society 

As suburban spriwl would continue f a r  outside the central and environment. 

c i ty  1 imi t s ,  t he  rnohi 1 i ty needs ~iould increase enormously, Even b!hen sub- 

nation of 

would not 

even 1arc;er 

centers v!ould grow, bec:ausr o f  the 1.ck o f  p 

housing , services and employment locations 

dc.crec?se. Shoppi nS and commuter tr i  ps ~ o u l  d 

anninc ?.nd coord 

t r w e l  distances 

be extended over 

areas and a l l  t r i p s  woLild be made by car 2s no public transport system can 

btOink ef f ic ien t ly  i n  suc:h a spread pattern. 

would not hpve s major influence on the iliobility pattern as was demonstrated 

i n  the former chapter. 

t o  the European situation where, despitz much higher fiael prices 

relative scarcity of l m d ,  and thc stronger policy influence, the sanie 

suburbanization trends seem to  continue. 

Higher market prices of fuel 

In  addition, rcfercncr. can be made in this respect 

thc 
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The s p r w l  p a t t e r n  would a lso  inc lude continuous areas o f  s i n g l e  f a m i l y  

houses on l a rge  l o t s ,  w i t h  h igh  cc?pi ta l  s.nd opcrc?ting costs f o r  u t i l i t y  

systems and munic ipa l  serv ices.  Socia l  l i f e  would n o t  necessar i l y  decrease 

bc!t r e a l  conimunfty l i f e  would become more d i f f i c u l t  because o f  the phys ica l  

d is tance b a r r i e r .  The cen t ra l  c i t y ,  v i t h  a l l  i t s  c a p i t a l  investment i n  

b u i l d i n g s  and in f ras t ruc tu r? ,  would he l o s t  as ic poten t i21  l i v i n g  space. 

Because environmental q u a l i t y  i s  on l y  8. subordinate goal here, the waste of 

l a r s e  a r e x  of valuable agriculture land and open spxces would be accepted 

as a pr ic t?  t o  be paid.  Fur themorc,  t h i s  op t ion  would demand cont inuously  

inc reas ing  energy u t i l i z a t i o n  l e v e l s  as t h i s  i s  embodied i n  such an urban 

pat tern.  

would cause environmental dangers and can only be r u l e d  ou t  as be ing incon- 

s i s t e n t  w i t h  the  goc?.l o f  f u t u r e  wel l - -heing (29) .  

As most observers recognize, 2 Iong-tem; r e l i a n c e  on t h i s  op t i on  

I n  the  second scer.ario, these? severe Consequences would be ntinimized as 

there  would be a genc-rzl s o l i d a r i t y  i n  s o c i c t y  t o  pay f o r  the negat ive 

consequences wh i l e  i n  the f i r s t  s c m a r i o ,  t h i s  i s  s. ma t te r  o f  the i n d i v i d u a l s .  

However as ma te r ia l  cond i t ions  are s t i l l  ds te rv inan t  f o r  measuring the  

q u a l i t y  o f  1 i f e  f o r  the  co l  l c c t i  v i  t y  some n e r a t i v e  cnv i  ronments.1 consequences 

\vould be i n e v i t a b l z .  Technological innovat ions would be f u r the r  developed 

because of the  c o l l c c t i v c  backing. 

so l v ing  problems such as urban conqcst ion and auto-dominated cnvironmentss 

cncrrJy shortages, t ime in tens i ve  t r a v e l l i n g ,  e t c .  

st rong decent\ . .a l iz ing dynarnics o f  these innovat ions would push the urban 

growth t o  o u t l y i n g  areas nl though tk  impor tzn t  soc ia l  

This would open new perspect ives fo r  

It can b? expected t h a t  the  

economic and 
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environmental consequences would be kept  \ v i  t h i n  c o n t r o l  l e d  channel s. 

It i s  no secre t  t h a t  our  env i ronmmtal  problems would becorcc more 

manageable a t  lower ra tes  o f  economic growth. 

the problems t o  the  socio-economic s e c t o r g  whcrc i t  would be c v x i  more 

d i f f i c u ;  t t o  reverse the growth i n  irnemployrnent, t o  narrow the i n t e r r e g i o n a l  

d i f fe rences  i n  p r m p e r i t y ,  m d  t o  rem3in compet i t ive on the  w i - l d  markets. 

As the t h i r d  scenar io would c71so inc lude 8. very t i g h t  urban p o l i c y  t o  

counteract  cu r ren t  suburbznizat ion t rends,  i t  sems d i f f i c u l t  t o  r e a l i z e .  

Not on l y  would (an appropr ia te zoning pol  i c y  he needed t o  impletwnt h igher  

dens i t ies ,  mixed land  uses, and so, b u t  ? l s o  s. r e d e f i n i t i o n  o f  p roper ty  

r i g h t s  seems necessary, 2s WE would have t o  deal w i t h  issuzs such 2s c lus te red  

housing i n teg ra ted  energy systems , and reshaping e x i s t i n g  c i t i e s  and sprawl 

aress. Besides these i n s t i t u t i o n a l  reforms t h i s  scenar io i:rould a l so  inc lude 

some changes i n  l i f e  s t y l e  which would be hard t o  r e a l i z e .  

However t h i s  s-iriiply t rans fers  

P$lthougli a more dense and planned urban p a t t e r n  may be most energy 

e f f i c i e n t  and consumes less  ls.nd, i t  i s  n o t  necessar i l y  the  best  s o l u t i o n  

f o r  o ther  environmental problsms such as a i r  2nd !?.later q u a l i t y .  

these problems can be more e x i l y  solved. 

a re  more c lear .  

s e t t i n g  up z more a c t i v e  soc ia l  rlrid p o l i t i c a l  s t r u c t u r e  on ~7 neighborhood 

leve l .  Furthermore f) i t  o f f e r s  more room f o r  experimenting w i t h  techno log ica l  

innovat ions,  p a r t i c u l a r l y  i n  thcr: f i e l d  o f  t ranspor ta t i on  ( c i t y  buses, people 

movers, c t c . ) .  

ilri t h  ra th t l r  dense c o r r i d o r s  of development z long e l c c t r i c  t r a n s i t  l i n e s  

Holwver 

Other b e n e f i t s  o f  t h i s  oopos i t ion  

A derlser p a t t e r n  i s  cons is ten t  w i t h  the proposals fo r  

!*le can imagine the urban areas as s po ly-nuc lear  complex 



and w i t h  major centers of employment, and r e t a i l  2nd business a c t i v j t i e s  

a t  the po in ts  of j u n c t i o n  o f  these l i n e s .  Res ident ia l  areas would agaii l 

t zke  the p a t t e r n  of the o l d  s t r e e t c x  suburbs. 

would w o 1  ve nrgund the t r m s i  t stops the houses \ t i  t h i n  rml k i n g  d is tance 

o r  w i t h i n  the rang(: oip bs t te ry -d r i ven  e l e c t r i c a l  w h i c l i f s  ( g o l f  c ? r t  

c u l t u r e )  (30) a 

wh i le  the use of gasol inc powered veh ic les  would be l i m i t e d  t o  rec rea t i ona l  

t r i p s  i n t o  the countrys ide because then lonc d is tance energy sources would 

be needed. This  would he cons is ten t  v i t h  the  t rend  towards reduced work t ime 

and l a r g e r  weekends. V i t h  more l e i s u r e  t ime, second home and weekend camping 

t r i p s  would become m o i ~  popular.  

on ly  a once weekly c v m t  ins tead o f  the  d a i l y  scene i t  i s  today. 

High t o  mcderstc dens i t i es  

hi 1y commuting would main ly  use the  pub1 i c  t r a n s i t  f a c i l i t i e s  

So the u t o m o b i l c  c o m u t c r  t r i p  would be 

It seems t h z t  nc- i ther one o f  thcsu th ree  scenarios leads t o  an i d e a l  

s i t u a t i o n .  

because of some comrnoii fep.tures 2nd var ious i n t e r a c t i o n s  i n  the r e a l  wor ld.  

Hences (7 compromise scenar io  \:rr~uld o f fc l r  p more r e c l l i s t i c  base f o r  s long 

term goal. I n  add i t ion ,  such a compromise scenar io as a bas is  o f fers  more 

f l e x i b i l i t y  f o r  stti i tching t o  2 morc r ? d i c a l  p o l i c y  :;oal ?t 2 f u r t h e r  stc.ge 

if necessary. 

I t  i s  a l so  apparent t h a t  t ! w y  ca ino t  bi: fo l lowed independent ly 
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5. ENERGY CONSTRA1I;lT:S A W  UREP,N PLftMNIF:!G P O L I C Y  

The fu tu re  condi , t ions o f  energy supply t o  u r b m  s e t t l m e n t s  ar? a t  

l e a s t  uncer ta in :  t rad . i  t iona l  en5rg.v resourccis are expected t o  tiecome ex- 

hlqusted be for i l  tl iu j u r  2000 a i d  cl l  te rn i? t i ve  energy reseurces ;ire e i t h e r  

env i ronmenta l ly  r i s k y  (such as w c l e z r  energy) o r  s.t the  cu r ren t  stag& s t i l l  

t e c h n o l o g i c a l l y  2nd economical ly uncva i lab le  f o r  widespread use ( s o l a r ,  

vlind, 2nd so on). 

!vi11 he s u f f i c i e n t  t o  meet the  f a s t  growing needs. 

? re  beinc; c c x t r u c t e d  and many s x i s t i n g  c i t i e s  ? re  undergoing tw i t c71  i z a t i o n .  

T!?er?fore, i t  would h e  desi  r a b l r  tb'ic!t new s e t t l m e n t s  and e x i s t i n g  c i  t i c s  

vou ld  immediately he iidapted ?s we11 ns poss ib le  t o  meet the  fu tu re  energy 

Therc arc  a l so  doubts ?s t o  whether thcse new resources 

i.!eanv!hile, new sk t t lemcnts  

cond i t ions .  

I n  the prev ious chapter,  the coxpromise s c e n m i o  \vas considered as 

m r e  r e a l i s t i c ,  both i n  2 s h c r t  teriv and lon9 term perspect ive.  Wowcvcr, 

the  quest ion renizins t o  whzt 2 x t m t  thc  reorgan iza t ion  of the s p a t i a l  frame- 

work there  inc luded shoulc bc guided o r  sncourzged by c? broader urbzn polic:y 

x t i o r ,  and whzt a rc  thc  s t r c t w i e s  tha t  should be f o l l o w d ?  

5.1, The nzed f o r  i! new urbzn p lann ing  p n l i c y  

There i s  2 l o t  t o  s~ly on the  quest ion o f  qovilrnment i n t e r v e n t i o n  as 

we1 1 as f o r  and s9s ins t  u r h m  p o l  i c y  Z c t i  on f o r  energy conservat ion (31). 

I t  i s  c l e a r  t h a t  suburk ia  w i l l  not  expand as r > p i d l y  as i n  tht? p s ~ t  i f  

gasol ine p r i m  cont inue t o  incrLPse 7ncJ i f  long-terni shortages mc!teri?l izcl, 

High gasol ine 2 r i ccs  w i l l  urgc mcrc p ~ o p l ~  t o  l i v e  i n  r a t h e r  detis? s2t t lcments 

3gain and mde %om USE of p u b l i c  t r f w s ? o r t .  

of energy t c  r i s e  t o  a vc.lue r c : f l c c t i n $  i t s  r c 2 l  scPrsc i t y  and the c o s t  t o  

P ~ l l o v i n y  i n  t h i s  m y  the  p r i c e  



-42- 

soc ie ty  energy product!rs vou ld  be confronted d i r e c t l y  vi tic t h e  consumers 

mi the demmd would 1x2 c7d.justed t o  thc  supply. 

no nccd f o r  government i n t e r v e n t i o n  i n  73nd use opponmts s?y. 

they  asse r t  t h - t  i t  i s  n o t  poss ib le  t o  p r e d i c t  t o  wh& ex ten t  ffutur, tech- 

nology, i .e. i n  cornmimications systems, v i 1 1  changz the  urban l i f e s t y l k  

so t h a t  d i s t a n t  niovmcnt i s  no longer  r kqu i rud .  And i f ,  by some masics1 

mwns, c7 new m d  inexpensive sourc(! of encrcy would he found i n  the very 

nccr  fu turd,  then 311 these conservzt ion measures would hcivc been super- 

So t h c r e  i s  absu lu te l y  

I n  a d d i t i o n  

f 1 UGUS * 

The m r k e t  force zrgument has hecn r e f l i t e d  by showitq t h z t  t he  p r i c e  

mechanism does n o t  Pl1eys r z f l x t  r e d  mmket  cond i t i ons  and if i t  does, 

people may n o t  be ?w,rd o f  it. Fcir t hc  i n d i v i d u z l ,  thc increased gasol ine 

costs  p c r  month niay blL? j u s t  ?.nother s i x - m c k  o f  beer  less  and mcy n o t  have 

t h a t  much impact on thtz d r i v i n q  hab i t s  o f  Zt-i i n d i v i d w l .  

people j u s t  d o n ' t  r > a l i z e  what the  cos t  d i f f e r e n t i a l s  ? r e r  i , e .  

costs  t o  d r i v e  from i iz re t o  thew versus t a k i n s  tht- bus. 

t h z t ,  u n t i l  t he  market r e f l e c t s  tiic bru t  v2luz o f  ou r  energy fue l  rdsources9 

i t  c?n he tGo l a t e  a l r csdy  Lccc.,use l m d  usc! va t te rns  now i ? i d  ou t  lock us 

i r t c  energv consul '~ ip t~0,~ r cqu i  rdments f o r  d?.c?des a 

I n  most cases, 

vthpt i t  

So the p c i n t  i s  

From 2 s o c i a l  p o i n t  of v - ~ ~ w 3  the  market dcpcndmce st rz tc-gy i s  l ess  

w s i r c i ' i l e  bccmse the  p r i w  r i s e s  w i l l  f z l l  most. h c z v i l y  on ths  l ow?r  i w i d  

senments o f  soc ie ty ,  v i ?  h i q h c r  C C J S ~ S  o f  housinc;, or commutina. F, gencrp l  

conscrvnt ion p o l i c y ,  and i n  Dart icul ; . r  (7 mor63 r 2 t i o n t ? l  l m d  use p o l i c y ,  

i s  l ess  d isc r in i inGt iny  i n  t h i s  respect .  



However there  arc  som? o ther  impor tant  arguments which mA:e urban 

p o l i c y  measures rdc?lly neccssc7ry. F i r s t  o f  ? l 1 3  i t  i s  s a i d  t h a t  the on ly  

way t G  achicve subs tan t i a l  m v i n g s  i n  eneryy throucj:: land  use pl*:nning i s  

i n  large-sc?.lc develcpncnts (?.t l w s t  or! a neighborhood 12vel ) .  

went o f  ne\v comnuci t i e s  and 1 i.rgc-scale p r o j c c t s  make h ig twr-dcns i  t y  housing 

more appealing t o  the  imrke t  2nd  these l a r g e r  h igher -dens i ty  areas are  i n  

t u r n  more e a s i l y  mads s f f i c i c n t  i n  terms o f  u t i l i t y  s y s t e m  sud i  2s 

d i s t r i c t  heat ing  m d  p u b l i c  t ranspor t  (31) .  

des i rab le  t o  ge t  more moderate-dcnsi t y  and h igh-dens i ty  housing o r  maybe t c  

mix uses w i t h i n  t h e  dcvclopmcnt p rc jec ts ,  i t  mt3y be necesscry t o  change 

zoning ordinances and i n  some czses expropr ia t ions  m?.y be i n e v i t a b l e .  

i t  looks l i k e ,  i n  g2ner?19 some governmcnt a c t i o n  i s  i nd i spens ib l c  t o  guide 

?.nd coord inate l a r g e  p ro jec ts  and t o  prov ide the legal fr?,.mcwork and even 

some f inanc is1 means t o  r c z l i z c  t h m .  Government a c t i o n  should n o t  

rep lace i n i t i a t i v e s  hut  on l y  complc-ment 2nd encourage them, 

urban p o l i c y  acticjn on the nation:?l and l o c a l  l e v e l s  should r e i n f o r w  

each o ther  i n  t h i s  respect .  

The d e w l o p -  

I n  the cases where i t  i s  

So 

Furthermore, 

Qpponents of pub1 i c  i n t e r v m t i o n  a l so  l;rcnder hov these energy conserva- 

t i o n  ob jec t i ves  can b" reconc i l ed  w i t h  non-cccnomic considerat ions which 

w e  ii;iport?nt t o  the  rx in tenancz 2nd improvement of the q u a l i t y  of l i f e ,  

i .e . ,  a t  t h i s  t ime thclre i s  s t i l l  iin overwhelming m a j o r i t y  of the people 

who pre fer  t o  l i v i .  i n  energy i n c f f i c i c n t  suburban s i n g l e  fami ly  houses. 

Here two counter-arguments can be presented. F i r s t  o f  a l l  i t  should be 

made c l e a r  whet iwr o r  n o t  the p r i v a t e  i n t e r e s t  of the improvement o f  the  



quality of l i f e  conflicts w i t h  the collective interest. 

case of Suburban spravl, next t o  the individual advantages of Ihaving 

2 sinsle-family home i n  the countryside shoulu be set the high capital 

and operating rosts ( i .e .  for providinq p u b l i c  transport for  the young, 

o ld ,  and poor) and t h e  environmental damage whIch must be p a i d  by the 

diole community. Secondly, i t  i s  agreed t h a t  energy costs and economic 

costs cannot be the sole criteria for the p l a n n i n g  of our urban environ- 

ment. B u t  even those ivho Pfould take a n:ore directly social approach t o  

community development s t i l l  need a physical frarnevjork !aliich, i f  suffi- 

ciently diversified, can meet an array of human needs now and i n  the 

future ( 3 3 ) .  An energy conservinc approach t o  urban design would provide 

such diversity. 

other lanc: use, environrtlental and some social and economic goals. The 

adoption cf energy-efficient land  use policies (v i a  alteration's i n  land  

development patterns) offers the potential for a cleaner and healthier 

environment (decrease in traffic congestion noise and stress walking 

distances, e t c . )  , preservation o f  prime agricultural land and open spaces 

(now being consumed by sprawling development) increased leisure tice, 

lover pub1 i c expenditure (no more expenditure t o  cope vi t h  problems of 

urban decay), and considerable f inanc ia l  savings for consumers. 

these are very important socis.1 Icenefi t s  vthich complement energy conserva- 

t i o n .  

That i s ,  i n  the 

The steps for energy saving land use mesh nicely w i t h  

fill of 
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5.2. 

As seen i n  chapter 3 ,  the magnitude of the effect  of urban form factors 

The ways fo r  urban policy to  react.  

on energy use i s  s t i l l  somewhat unclear. 

unbalanced as certain factors such as density and shape have been studied 

t o  a greater extent t:ian, for instance, population s ize ,  land use arrange- 

ments and national and regional settlement patterns s i'lonetheless the 

current s t a t e  of knowledge has broadened enough to  offer  some sense o f  

directions for  influencing urban form t o  achieve energy conservation. The 

s e t  of directions fo r  urban planning policy can be classif ied into two 

sections according to  the level o f  cpcration: 

I n  addition, the research work is  

1.  local planning directions 
2 .  regional planning directions 

5.2.1. Local planning di ections 

Urban planning has t r a d i t  onally been one of the important. po1ic.y 

actions of local governments. 

the local level ,  energy saving land usc- changes may only be successfully 

guided and shaped by the action of local governments. There are three 

factors which offer somewhat c lear  directions for  urban planning actions 

on the local lcvel:  density, land me t,yrangements, and s i t e  design. 

Density i s  the urban  form factor  most frequently advanced as providing 

Because o f  t h i s  well established role on 

the opportunity for  reducing enercy consumption through adequate urban 

planning. 

or volume of buildings or development to  som u n i t  of land area. The 

concept of "residential  density" used on the local level i s  expressed i n  

number of dwellings per acre or hectare. 

In planning usages density means the r a t io  of personsg households 
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Llost empirical studies are supportivc of the viev t h a t  higher density 

conditions tend t o  be mre energy conserving. 

energy conserving nature of density is  reflected i n  the per capita require- 

ments for space conditioning, uti  1 i t y  systems ,, and transportation. Space 

condi t ion ing  requirements are reduced in h i g h  density settlements because 

the houses are more likely t o  be clustered, sharinT common walls (as i n  

row houses or town houses) or common floors and ceilings (as in high-rise 

or gardcn apartments), and hence provide better in su la t ion .  Residential 

units then also tend t o  be smaller t h a n  i n  lower densities. Promoting 

higher densities does not mean t h a t  every one has to  be p u t  into high-rises 

As was noted in Chapter 3 ,  moderate densities o f  town houses and low-rise 

tnul ti-family houses are more economical i n  terms of energy consumption. 

Higher densities shou'ld not  only be stimulated i n  new development b u t  also 

re-use infilling and redevelopment cf existing neighborhoods would be 

energy saving. 

on the local governments t o  permit infilling o f  development or even denser 

development. 

As seen i n  Chapter 3 ,  the 

However, i t  i s  clear t h a t  this will require added pressure 

Furthermore, h i  ylwr density structures arc Row easily served by 

common inteyated heating and cooling syster,is. 

other buildings also reduces the need for streets, pavements, and uti l i ty 

systems. So, shorter streets and public uti l i ty lines mean that energy 

i s  saved in bo th  the manufacture and the maintenance o f  these materials. 

Energy savinas are also obtained through shorter transmission lines and 

larger conversion or production plants t o  serve the large number of 

consumers i n  h i g h  density settlements, I n  addition higher densities 

Clustering housing and 
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reduce the need t o  travel because employment and shopping areas are located 

close t o  residential areas. 

for the formation and maintenance of a viable mass transportation systev or  

for organiz ing  car-pools on the local level. 

Some minimum density is  also a precondition 

A second factor v h i c h  is important i n  terms of energy consumption i s  

the land use arrangement. 

integration i s  more energy conserving than segregation and large-scale 

land use specialization. This latter became very popular in urban planning 

after the C.I.A.!!. publication of "The Charter o f  Athens" (1933) as a way 

t o  separate conflicting land uses. 8ut  today l i g h t  industry and advances 

i n  environmental protection have a l l  reduced ths need for a s t r ic t  separation 

of land uses. 

closer t o  working, shopping, and recreztional places (and in some cases 

even i n  the sme building) can contribute t o  transportation energy savings 

as in such areas people are more likely t o  walk, bike, or take a bus ( 3 4 ) .  

In general mixed use development cannot guarantw less travel b u t  i t  does 

encourage less travel (35).  

The general view i s  tha t  land-use mixinc and 

Instead, a mixed use development where residences are 

Land use mixing  and integration can also 

facilitate the shar ing of common services t o  minimize the 

e . ~ .  waste heat fron powr stations or from other industr 

space conditioning fo r  residential c, commercial and other 

the surroundings. 

Site design elements relating t o  the physical charac 

energy waste 

es can provide 

activities i n  

eristics of the 

site2 the b u i l d i n g  shape, size, orientation and arrangemmt, and land- 

scaping can also t o  a great extent affect energy demand (36).  

these aspects are rather technical znd someticm refer t o  the construction 

Al though 
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characteristics themselves they shculd nevertheless be evaluated i n  the 

p l a n n i n g  process. The state of knowledge w i t h  re-ard t o  this factor  i s  less 

developed than t h a t  which i s  available on the other factors. Hovever, 

i t  is sure t h a t  a proper orientation and siting of the streets and buildings 

can save on their heating and cool ing needs (protection from winds, advantage 

of solar  rad ia t ion  shade fron landscaping '3 2tc.) , Furthermore, shading 

and landscaping may often be the determining factors then an i n d i v i d u a l  

makes a decision t o  walk or bike i n  the surmer or ride i n  an a i r  conditioned 

car (37). 

On the basis of the existing state of knowledge as t o  the ways urban 

form can be influenced t o  become more energy efficient, some ciuidelines 

for a planning policy a t  the local level cm be advanced. 

can be safd t h a t  urban form should be developed a t  higher dens'ities and 

In general, i t  

mixed t o  a greater extent than has been done u p  t o  nov. In  addition, some 

regulations should LE! worked ou t  t o  realize Eore energy efficient s i te  

planning. Kore specifically, this would mean t h a t :  

- higher densities should be encouraged through clustering and 
infilling i n  residential b u i l d i n g  

- s i te  plm requirements should bc set up -to assure s i te  design 
takinq energy advantage of topography vegetation, and cl imste 

- l and  uses should be less segregated and specialized and increased 
use should he made o f  multi-functional or mixed-use buildings 

- the application of t o t a l  integrated energy systems should be 

- policies which deemphasize private autcmobile use and give 

promoted 

preferential treFtment t o  public transit,  car pools:, bicyclists, 
and pedestrians should be promoted 
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5.2.2.  Regional p l a n n i n g  directions 

The plsnning of urban settlements on a macro and meso level also 

includes some importaiit energy considerations 

the different enern,y requi rements of a7 ternati ve mxro-spati a l  arrange- 

ments, m8inly on the scale of s netropolitan area or a c i t y  region, and 

the factors tha t  influence this srntial configuration, such as inigration, 

transportation netvork, reFional economic incentives etc. 

Here, ve must t h i n k  of 

There are s l o t  of studies which have dealt with urban patterns and 

sps,tial configurations and theii, effect upon energy consumption. Among 

the different urban Growth alterwtives such as redevelopment, new towns 

peripheral growth of concentric ring types 

scattered toms, and dispersed growth the spravl pattern was found t o  

be less ererzy-efficient t h a n  other oatterns a l though there i s  no clear 

consensus as t o  the most efficient pattern and shape. “uch depends on the 

existin9 situation. On the basis of different studies, some authors 

conclude t h a t ,  because of the s i z e  and the spatial inertia of some activities, 

when reshaping metropolitan areas a rrlul t i  -nodal orgsnization \:lould be 

desirable (38 ) .  Energy savings i n  this respect ?.re also explained in 

terms of transportztion and u t i  1 i t y  net,;orks. By reducinq the distances 

for transporting goods and services, and also the extent o f  trmsmitting 

and infrzstructure networks, ?n urban settlement pattern cm zchievc 

certain econovic and energy savings by requiring less energy per capita 

for transportction snd network operations. 

o f  operating i n  a more compact urhm settlemmt (shorter distances and lines) 

regions1 cities 1 inear cities 

This i s  not only a consequence 
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b u t  also of the more intensive use of the infrastructure facilitzted by 

the p a t t w n  i tself  (development i s  more concentrated around the transpor- 

tetion and infrastructure s.ystems). 

redevelopment tends t o  offer more possibilities for energy savings because 

o f  the increhsed compactness End contiguity of urban development. 

I t  is  clear t h a t ,  w i t h i n  this context, 

The location of an urbm settlement in relation t o  other urban aress 

and economic ac t iv i ty  centers c71so ilffects energy deiiiand in terms of 

transportation o f  ~ o o d s  and people 

- l i c  I ,  t i l * :  ii;:rslstructcrre nc1icv;an:j e\.tcn t$e fjsc,-tl ,)olicy a11 influence 

where people and economic a c t i v i t y  want t o  locate and whether they will 

hzve t o  be transported over long distances. 

the shape o f  the urban are? vis the different growth rates in various 

locations. 

The regional economic development 

Indirectly this iilso influences 

The planning direction here is  tha t  urban policy should encourage 

the establishment of a well-bslanced nat ional  and regional system of 

urbm $reas, each of them being develo?ea in planned patterns. Therefore, 

sow particular guidelines should be followed, such 8s: 

- the deconcentration o f  overcongestcd urban areas into a more 

- the discouragement o f  sprawl patterns by imputing the real 

balanced network of sns.1 ler urban settlements, 

social costs bzsed on a macro-approach t o  scattered and spread 
d3e-Rt-r ...- . _* . d  ~ 

- the provision o f  finpetus for renewal of'centr2.l cities end the 
upgrading of low-density areas (where costly public f x i l j t i e s  
are already provided) before creating nev outlaying centers, 

- the rsorgmitation and coordination of pub1 ic  trmsportation 
networks on the regional level+ t o  complement locr..l transit 
sys tens 2nd t o  support regional planning ob jecti ves 



-51 - 

- the adjustment of government p o l i c y  measures i n  other f i e l d s  
than u rbm plarining (ranging from tax regulat ions t o  regional 
economi c incent ives) t o  rwl i ze p rcv i  ous object ives 

- the reorganizzt ion of the ?dmin is t r? t ivc  framework t o  f i lc i  l i t a t e  
r e a l i z z t i o n  of t h i s  regionzl  3pprcach. 

An important consider2tion clfter t h i s  summing up o f  the planning 

d i rect ions i s  t h a t  i t  should b ~ '  emphasized t h z t  most urban fonn factors 

are interdependent; i .e. 

approprihte land use arrangements vould i 1 O t  t u r n  out t o  be very b m e f i c i a l  

i n  terms of e n e r p  consumption. The same Zpplies t o  improving nnd 

expanding pub l i c  t ransport  system i n  low density areas. Simply providing 

t r a n s i t  2nd expecting people t o  usc i t  instezd o f  an automobile doesn't 

attempting t o  change the shape without usins 

work. 

It i s  c lear  t h a t  the need f o r  coordinated planninc; i s  imperative. The 

Some parzl l le l  t r z f f i c  constraints and lsnd use measures are necessary. 

nat ional ,  regional, and loca l  government p o l i c y  mep.sures should re in force 

each other and become integrated i n  a general u r b m  po l i cy .  Although 

a l l  government leve ls  have importent ro les t o  play, especia l ly  loca l  

governments have tltc ob l i ga t i on  t o  see t h a t  new developments w e  planned 

and executed so as t o  minimize d isruFt ion o f  essent iz l  natura l  systems (39). 

5.3. Urban p o l i c y  s t ra teg ies 

Both the nature of the problem (which i s  based on fu tu re  po ten t i a l  

energy const ra in ts)  a i d  c l so  ths fp.ct t h a t  the energy saving p o s s i b i l i t y  

of l m d  mczsures i s  only long-term pay-off (and ought t o  be thought of 

i n  t h a t  v'ay when compared w i t h  more short-t:Jrm opportuni t ies) requi re  

an appropriate p o l i c y  strategy. 

immediate act ion,  but,  i n  addi t ion,  should include the f l e x i b i l i t y  f o r  

Such a strategy should be based on 
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revision of policy action ES time progresses. A. D u t t  and F. Costa suggested 

two forms of strJtegy i n  this respect (40) .  

The f i r s t  one i s  the sequential approach i n  w h i c h  B continuous and 

uninterrupted process beginning 4 t h  the identification of nwds and desires, 

i s  made subject t o  constraints imposed by economic 2nd social realities 

(Figure 7(a ) ) .  A t  t h i s  p o i n t  creative planninc ,  should be introduced to 

facil i tate the harmonious meshing of perceived needs and desires w i t h  

actual constraints or conflicting v21ue system. T k  result would be the 

spatiel configuration tha t  contributes t o  optimum living conditions within 

the city's area for the maximum nmher G f  people. 

The seconi approach (Figure 7(b))  i s  bascd on a feedback mechanism z t  

ex t i  important step in the decision-making process. 

obtained i n  each o f  these subsequent phases o f  the process would be utilized 

t o  modify or reformulste objectives associeted w i t h  earlier steps. 

Zdvantagc! of this dynamic approach i s  the built-in capJcity to  reshape 

Dlanning with the advmcement of knowledge and changing technology which is  

especially important i n  the case o f  p lann ing  for future urban settlements. 

Theref ore this dynami c approach i n  parti cul3r seems q u i  te appropri ate 

for  Qneryy saving land  use planning.  

So the information 

The 

Once an agreement i s  madc on what exact measures should be taken for 

encrgy conservation inside the creative plenning  stage, some sddi tional 

measures may be taken t o  encourage the adoption of conserving actions by 

residents and developers 

be used (41) .  

Three kinds of such implementztion programs can 



Fig .  7. 

I 

c, 

- 
Sequential approach Io urban sprrftal planning Dynamic approach lo urban spatiaipknning 

I. 

Source: Costa,  F.J. and Dutt, A.K.: op.cit. 
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First of a l l  there i s  a nczd for educational programs t o  persuade 

people t h a t  they will benefit from conservinc,' energy and from zccepting 

(unpopular) land  use policy and t e l l  them how they themselves c:an help. 

As C. C. Harwood puts i t :  "...the real problem lies i n  convincing the 

public t h a t  i t  is better to  makk nccess2ry lifestyle changes now t o  deal 

w i t h  the energy shortage than t o  wait u n t i l  $:re must react hastily i n  a 

fu l l  -bl  own crisis for which we are i 11 -prepared, " (42) Such efforts have 

shown t o  be ineffective because people do no t  perceive a crisis until i t  

i s  real (43 ) .  However, these educatiowl progriims should go on9  

focused n o t  only on the p u b l i c ,  b u t  on Flanncrs and decision makers 3s 

we1 1. 

Secondly, (dis)incentive programs shoulcl bz set up t o  encourage energy 

savings either through money saving or through governmental zoning, 

hdgeting, and administrative actions which make i t  easisr for citizens t o  

ride transit,  for instence, or for dwelopers t o  use land more efficiently 

(44) .  A t  the same time, the government should get rid of some incentives 

t h a t  s t i l l  discouraGe invcstment i n  conserviny types of developments such 

as epartments, i .e. ,  the government housin9 policy i n  post countries s t i l l  

encourages the construction o f  single fac:ily housing v i a  i t s  c;redit policy 

and fiscal incentives. Indirectly this is stimulating suburban movement. 

Furthemore, it nust be said tha t  disincentivzs only seem t o  be effective 

i f  a11 jurisdictions within a ccrtain region ac t  i n  the same way t o  

di scourage i ne f f  i ci en t devel opmen t . 
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A t h i r d  set of programs should be - mandatory programs which legislate 

eneri:,: ,.Pf!ciznt'ilf t:.rr uv'; t he  n ~ t a '  I ishk.3nt  c f  rwuirweri:s si-!d st2r-l- 

dards.  This  would include regulstions such as speed limits, gas  r a t ion ing ,  

insulation standards and so on. Because all users covered by this program 

must comply with the cstabl i shed standards such programs are c?xtremely 

effective a 
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6. COMPARISON OF THE POSSIBILITIES FOR EE!ERGY CONSERVATION VIA LAND USE 
PLAiJi\lIldG I N  THE UNITE9 STP.TES 

Up t o  t h i s  p o i n t  our analysis has mainly been kept on a general t hoo re t i ca l  

l eve l .  Ilhere empir ical  evidence was given on the assumed re la t i onsh ip  be- 

tween urban form and energy consumption, most of the b2sic mater ia l  w s  

s i t ua ted  i n  a North Arnwican context. I n  t h i s  chapter, I w i l l  look a t  the 

p r a c t i c c l  poss ib i l  i t i c s  fo r  energy conservation through more conscious 

land use planning, i n  both ?. North Ainerican and s. li!estern European perspective. 

A t  f i r s t  I w i l l  analyze t o  what extent current  energy consumption patterns 

i n  both par ts  of the ~ m r l d  d i f f e r ,  and ~ h y .  

current conservation po l i c i es ,  w \ v i  11 also discuss the prerequis i tes for  

f u t u r e  energy saving land use p o l i c y  i n  these countr ies. 

looking a t  the U.S. s i t u z t i o n  and the Common -Wet countr ies, bu t  j u s t  2s 

i t  i s  d i f f i c u l t  t o  see the E.E.C. as a whole, we cannot neglect  the 

regions i ns ide  the Urui ted St;tes. 

Besides having a look t o  

Mainly we w i l l  be 

Therefore , some reservat ions w i  11 be 

made on the t o t a l  aggregated f igures. 

6.1. ' fzrket  cha rac te r i s t i cs  

Eu;ergy consumption shovs i: remark&le nzogrmhical  d i s t r i b u t i o n  over 

the world. The U . S . ,  E.E.C. countr ies m d  Jqw.n9 vl i th about 15% of the 

~ r l d  populat ion, account f o r  56% o f  the wor ld m c r g y  consumption. 

l a t e d  per cap i ta  mergy  consumption shows 1 wge di f ferences I=t?tween the 

U.S. and the E.E.C., 2nd even between the E.E.C. countr ies, energy consump- 

t i o n  l eve l s  d i f f e r  considerably. I n  1975, U.S. energy use per cap i ta  was 

about three times the average E.E,C. l e v e l .  

per capi ta  consumption l eve l s  range from 6.835 kg. coal equivalent (kg.c.e.) 

Calcu- 

l i i t h i n  the E.E.C.  however, 
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in Gemany t o  3.012 kg. c,e.  for  I taly.  

Parallel w i t h  t he i r  econotxic growth, the demand for  energ-y i n  a l l  

industrialized countries increased sharply over the l a s t  two decades 

Between 1960 and 1974, the nine wr?ber s ta tes  of the E . E . C .  (45) had an 

increase of 79% i n  their  total  covbineci enercy consuciption. The growth 

of energy consumption in the United States was of a similar degree (+78%). 

i’ith the energy c r i s i s  of 1973-1974 and the effects  of the !?rorldwide 

recession caused by i t ,  there w s  an overall reduction of energy use i n  

1974 and later. Recent trends, however, s h o ~  that  the upward trend has 

been restored, a1 t h o u g h  with a smal l e r  grov!th rate .  

This postwar boom i n  enercy consumption was accompanied by some 

important changes, b o t h  in the use of various sources as well as i n  the 

distribution by consuming sectors.  Just a f t e r  rrorlc! !Jar XI, 80% of the 

total  energy requirements o f  the E . E . C .  (52% in tlie U . S . )  were met by 

solid fuels (coal and l ign i te )  vhile o i l  accounted 10% of the total  

(31% i n  the U.S.). 

Solid fuels cover only one-fifth o f  the total  requirements both i n  the E.E.C. 

and U.S .A . ,  whereas o i l  and natur3l gas  account fo r  about three-quarters 

of the total  (natural ?as being far more important in tlie U.S.A.). This 

switch i n  energy sources had very important  economic and pol i t ical  conse- 

quences. !!ith the growing dependence on crude petroleur;: as an energy 

sourcep o i l  imports appeared as a heavy burden on the bslance o f  payments 

of most of the importing countries. 

o f  dependence on foreign supplies of more than 80% (only Germany, the 

Vow, this si tuation has changed completely (Table 7) .  

In a d d i t i o n ,  with an average degree 
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Yetherlands, and the IJnited Kingdom have a lower percentage) European 

countries became extremely vulnerable i n  terms of economic growth (46).  

The U.S. economy seems much stronger i n  this respect as only 19% of i t s  

to ta l  energy needs have t o  be imported (Table 8).  However, i n  the U .S. , 
as well as i n  Europep the degree of dependence on foreign supplies doubled 

over the last two decades. 

The distribution by consuming sector Si10\hrS some very interesting trends 

over time as well. 

residential + commercial sectors are continuously enlarging their share 

in the to ta l  energy consumption a t  the expense of the industrial sector. 

b!hile the energy consumption level of the industrial sector dropped both 

in absolute and relative terms Setween 1970 and 1974, there were significant 

increases in transportation and residential commercial energy consumption 

levels, b o t h  i n  the E.E.C.  and the lI.S.P,. 

i n  the E.E .C .  the transportation sector i n  the U.S.A. i s  clearly s t i l l  a 

much larger consumer than i n  Europe. 

private passenger transport as this generally accounts for  almost 3/4 of 

to ta l  transport energy conscmction 

I t  looks l ike  bo th  the transportation sector and the 

b!otwithstanding the rapid grov!th 

This i s  mainly due t o  an increase i n  

6.2. Explaining the differences 

As has been noted in the former chapters, there i s  2 clear relation 

between urbzn form 2nd b o t h  residential and transportation energy consumption. 

These two sectors especially have increased their share in t o t a l  energy 

consumption during recent years, Therefore, I will focus on the residential 

and transportztion sectors in the anslysis o f  the differences i n  consumption 

levels between the United States and Vestern Europe. Besides some general 
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TABLE 7. SHP.RE OF VARIOUS SOURCES OF PRIil/’\RV ENERGY I N  IFILAND COMSUf4PTIOi4, 1973. 

E.E.C. u . s , P, . 
mio. t .c.e. /J mio. t .c .e .  % C’ 

coa l  and l i g n i t e  317.3 23.7 508 2 19.6 

crude pet ro leum 792.8 59.3 1109.1 42.8 

n a t u r a l  gas 168.4 12.6 839.0 34.4 

p r imary  e l e c t r i c i t j  57.2 4 , 3  131.2 5 .O 

TOTAL ENERGY 1337.4 100.0 2587.5 100.0 

Source: Euros ta t .  

TABLE 8. ENERGY BALAI‘ICE OF E.E.C. Ai49 U * S - A . ,  1960-1974 
( i n  m i l l i o n  t o n  o i l  e q u i v a l e n t s :  i s  d e f i n e d  as l o 7  k c a l )  

1360 1970 1974 
E. E. C, : t o t a l  anergy 519.4 838.1 927.9 

requ i remen t s  
o f  which impor ts  243.3 (47%) 677.3 (81%) 774.Q (83%) 
f i n a l  cons. o f  357.5 575.3 626.6 
v h i c h  i n d u s t .  162.4 (45%) 264,6 (45%) 263.1 (42%) 

t r a n s p  a 62.7 (17%) 107.9 (18%) 123.4 (20%) 
w s .  and 
conm. and 
m i s c e l l  . 138.4 (38%) 220.8 (37%) 238.4 (38%) 

U .S .A. : t o t a l  energy 965 .O 15/0.3 1713.7 
requirements o f  
which impor ts  94.1 (10%) 193.6 (12%) 326.8 (19%) 
f i n a l  cons. of 

t ransp.  234.2 (30%) 348.6 (30%) 395.4 (32%) 
r e s  and 
com. and 
m i  s c e l  1 . 266.1 (35%) 409.6 (35%) 428.4 (35%) 

which i n d u s t  272.2 (35%) 401 .O (35%) 399.4 (33%) 

Source : Energy Balances o f  0 C . 0 . E .  c o u n t r i e s  . 
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factors special attention will be given t o  the l a n d  use characteristics 

which are responsible fo r  the differences i n  energy consumption levels. 

6.2.1. General factors 

I t  is  remarkable t h a t  some Furopem coimtries, with almost the same 

s tanda rd  of 1 iviny as the United States ( i  .e. !.lest Germany, Denmark, 

Belgium) consume only ha l f  as much energy per capita (see Table 9 ) .  This 

U ,S.-E.E.C.-different? is even larger on t h ?  sectoral level, particularly 

for residential and transportation energy use, In blest Geman.y, for 

instance, the per capits. energy use for transportation and for  residential 

purposes i s  respectively 27% and 48% o f  thz U.S. level (Tables 10 and 1 7 ) .  

Space conditioning i s  by far the largest use of energy i n  the resi- 

dential sector, accounting for 73 t o  80% of t o t a l  energy consumed i n  this 

sector. The amount of energy used for space conditioning depends on a 

number of factors such as: climate, the characteristics of the housing 

stock the amount and effectiveness o f  insulittion the efficiency of 

heating systems, and differing heating habits. 

cl imati c factors were n o t  (47) t h a t  important i n  explaining the differences 

nor were insulation and efficiency of heating systems. 

characteristics of the housing stock (floor space ?er dwelling, type of 

dwelling) and heating habits (proportion of the aveilable space t o  be 

heated, indoor temperature) are responsible for  the relatively high space 

conditioning energy use in the United States cornpared t o  llestem European 

countries (48).  As f a r  as the rest of the residential energy consumption 

i s  concerned, t h a t  which i s  used for all kinds of home equipment and 

appliances other than  heating and cooling installations, son12 significant 

Howevers i t  was found t h a t  

Clainly the 
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TA.BLE 9. E.E.C. - U.S .  COWBRISOF! 

G . hi P Total energy Passen9c.r Gasol i ne 
per capita consumption cars ir! use retail price 
i n  constant per capita per 1000 pop. in U.S. cent 
8 (1976) !<g.c.e. (1975) (1975) per g a l .  (1977) 

U.S .  7,864 1o3s99 503 60 
E.E .C .  5,355 4,549 266 1.62 ( a )  

Bel g i  urn 
L uxemb 
Denmark 
France 
Germany 
I re1 and 
I t a l y  
EJetherl ands 
United Ki ngdorn 

G ,327 
G i?. 1 7 

6,543 
7,336 
2,524 
2,905 
5,331 
3,871 

7,379 

5,584 

5,268 
3 994x 
6,835 
3,097 
3 ,01 3 
5,784. 
5,264 

- 2 59 
357 
2Or8 
288 
280 
164 
257 
257 
251 

169 
139 
175 
167 
151 
150 
205 
177 
125 

l a )  average 
Source: Eurostat and Statistical Abstract U.S.A. 



Table I$. 

RESIDENTIAI, ENEllGY USE PER CAPITA lN THE UNITED STATES AND WEST GEIUdANY--1972 
(10" Btu) 

E 1 ec t 1- i c O t h e r  Energy 

Spncc hca t ing 

Ilot w a t e r  

Cook 1 rig 

A i r  c o n d i t i o n i n g  

Clothes  t l l ' y i f i g  

O t h e r  

'rota 1 

A l l  uses 

U n i  t c d  
S t a t e s  

4 , 23 

3 . 9 2  

1.61 

3 . 2 2  

1.11 

13,03 
-I 

27.12 

west 
C e  rrfiany 

3.03 

2.53 

1.52 

-- 

-- 

2.32 

9.40 

-- 

Uni ted  Wes t 
Gerninny -- S t a t e s  

32.11 21.41 

6 . 3 4  1.30 

1.73 0.49 

0.02 -- 

0 .46  -- 

0.01 -- 

4 0 .  G7 2 3 . 1 9  

Source: S t a n f o r d  Research l r s t i t u t e ,  op. 
_I _I 

; : I 1  R P I S P l L i t h ,  I ,  0p.ci.r:. 

Total 
West Germany 

Uiri  t e d  West as a Percent 
S t a t e s  Germany of U n i t e d  S t a t e s  

36.34 21.44 G7 

10.26 3.82 37 

3.34 2.01 

3.25 -- 
1.57 -- 

13.04 2.32 - 
67.80 32.59 

48 
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differences can be obsc:ved between the United States and l.!estErn Europe. 

Looking u t  U.S. and !festerr. Gcrmm consumption data (Table l o ) ,  zlthough 

these countries are quite comparable i n  terms of l i v i n g  standards, appliances 

such as. dislxwhcrs, refrigerators, and so on, which use large amounts of 

energy, ar2 s t i l l  les: frequently used i n  Germany than i n  the t1.S. (49) .  

Howeverg this is changing rather quickly. 

The greatest differences can be seen t o  exist i n  the transportation 

sector, where the United States consumes more than three times as much 

energy as i n  West Germmy and some other countries (Table 11). Obviously, 

these differences are mainly situated i n  the road transport sector. The 

fuel savings i n  this sector are pertly due t o  the much greater fuel economy 

of Europem cars (which are smaller, lighter i n  weight and more efficiently 

designed). 

largely influenced this sector. The explosion of o i l  prices which has led 

t o  deficits i n  the balance of peyments, has had i t s  positive silde i n  some 

European countries, as some of the then have taken steps t o  curtail  the 

consumption of gqsoliiie and restrict the use o f  automobiles by higher taxes 

and by improving p u b l i c  transit. As can be seen i n  Table 9 the degree of 

c;:r-ownership i n  Europe is h a l f  as h i g h  as i n  the United States - and fuel 

prices are a t  least twice as h i g h  as i n  the U.S.  In addition, most E.E.C. 

countries have adonted policies favoring fuel-efficient public transportation 

over private autos. Howeve(- the poten t ia l  effect of such measures clearly 

;*elates t o  the dominating land use characteristics. 

Besides t h a t ,  thcre arc also some policy measures which have 
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6.2.2. Land use factors 

According t o  a common stereotype U.S. - c i  t i e s  ?re sprawling, i n e f f i c i e n t  

po l lu ted,  and i n  f i s c a l  t roubie,  whi le  European c i t i e s  are dense, compact, 

c .ar i  ing , anL vjel l  -managed. 

e a s i l y  2xeggcratd.  

which fa41 t o  take i n t o  account the current decentral iz ing trends i n  

European c i t i e s .  

A1 though bas1 cal l y  t rue  these contrasts are 

-n adoi t ion they are mainly b a e d  on post-war contrasts 

The dens'ty l e v e l  i s  general ly bel ieved t o  provide one o f  th2 strongest 

contrasts between U.S. and European c i t i e s .  

for  the e n t i r e  urtan region are more o r  less the same (Table 12), the 

central  ci-cy densi t ies o f  European c i t i e s  ( w i t h  the exception of the nor th  

esst! are  hiyner. 

Holland are misleading, as the f igures are gross densi t ies i n  which g r e e n b C s  

and planned open spzcc:; are included (50). 

more meaningful measure than gross populat ion density. Then i t  i s  found 

that,  dependent on the time per iod i n  which the suburb was b u i l t ,  European 

suburban densi-t i?s are ranging between 10 and 40 people per x r e .  

suburban res iden t ia l  densi t ies f o r  the U.S.  are between 5 and 15 people per  

acre. As noted beforeg these density di f ferences explain t o  3 l z rge  degree 

the differences i n  space condi t ioning requirements. 

A1 though the average densi t ies 

The l a g  suburban densi t ies o f  England, !Jest Germanys and 

Rcsident ia l  density i s  a much 

Comparable 

These d i f f e rmces  can be expiained i n  a h i s t o r i c a l  perspective. Up t o  

the 1920's, ,American centrz l  c i t i e s  were almost as dense as European c i t i e s ,  

~ 9 ; n l y  dew'.  ,Jed on s. basic r a i l  pat tern.  

mobile, a f t e r  \!orld War 11, permitted the mass f l i g h t  out  of the cen t r? l  

The widespread use of the auto- 



Table 12. 

ComparaLve fnternatiorzl Metropolitan Densities 
1960 ard 1970 

1 Unlcdd S t n t r s  1360 
L970 

Sortn Eaac Ragion 1360 
1970 

Sotch Cunrrhl Rtgion 1965 
1970 

1970 I 1 Ucric Ccrminy 136r7 
13fJ ! 

1 
I Franco 1965 

. 170 

1 

Total Urban Rerian 

Densicx 

3,837 
3,376 

4,840 
4.429 

3 , 906 - 3,261 
2,960 
2,617 

3,699 
3,577 

2. I 9 i 3  

2 ,514  
2,623 

5.059 

Cen.cral City 

Densicy 

5 ,  so2 
4,463 

i o ,  oaa 

6,638 
4,810 . 

9 , 309 

3,391 
2,902 

4.530 
4,121 

98425 

6,205 
5,569 

11,612 

3,159 8 , 681 

1 

t 

Suburb. - 
Denrlty 

2.622 
1,617 

2.914 
2,946 

2,321 
2,348 

2,266 
2,213 

3,032 
3,169 

776 

1.074 
1,396 

9 

1 3,061 
1 

1 
1,139 

1 

1 -  

Source: Country Ccnsuscc. 

Reigeluth, E.: op. c i t .  
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cities t o  the suburbs. This becme a ver: ::e: ' - -  . .I characteristic of modern 

A.xricaf8 , rbanizat ion.  In  the United States this outyard movement was 

further encouraged by some typical phenomens, w h i c h  created an a n t i  -urban 

::'.titz-'e: th,- i h i l d  oriented family, the mass i n f l u x  of poor blacks i n  the 

cities after '94C, an,: the extensive highway construction (51). 

European cwntr.ies , automobiles became widespread only i n  the sixties, and 

even then, far fewer Europeans could afford t o  own a car. As i3 consequence, 

I n  

c J- b u , ~ ? ~  - , , a  stayed focused on p u b l i c  transit much longer. Pa,\ t ly because 

of i t s  h i  s tsri  cal grown conditions , the European c-i t ies were more people 

oriented, w i t h  p u t  i c spaces , neighborhoods , parks etc. Because of their 

s t?z lger  t i a d i t i o n  of autonomy and independence, and even control over the 

adjacsnz iourlcrysids I) many Europeen cities have prevented s u b n b a n  sprawl 

froq spreading i n t o  the countryside by restricting the use of ut i l i t ies  i n  

the nearby undevcloped areas. Generally most o f  the European states have 

a longer t rad i t ion  of 'larid use p l a n n i n g  which gave both nat ional  and local 

gcvernments more effective devices t o  control the location and type of 

urbm growth. 

However, d u r i n g  the sixties and the early sek:enties, European cities 

:;<,.-e experiencing strong decentralizing trends as well, and i t  i s  feared 

t h a t  Europecns are going t o  imitate the wasteful American pattern. The 

ecmomic expmsion during this peviod generally made a l o t  of people better 

off  so t h a t  they could affo-d a liwse i n  the suburbs. 

high pricey f < r  acquiring the land and b u i l d i n g  a. house, subu-ban areas 

expanded rapidly (see Table 13). The number o f  cars i n  use is growing 

despite the relatively 



Table 13 
Comparative International Wetropolitan Development CharacLerfstics - 1960 and 1970 

Total Urban Region Cent.:al City Suburbs i 
Year I Population Percent Growth Population f Percent Growth Pop,lation Percent Growth! - 

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

242 63,921,684 1 ox 54 ,524 .m { ---;--) 37.868.158 
_I_____ _-- 

57.966.093 
_^t 

1 9 6 0 T  95,834,251 1 
1970 116,646,566 1 

---- 

------ '-- ---.+-----------.- i - 

1 

10,019,523 \ 
I !4,260,554 1 432 

North Central  Region 1960 26,646,760 
1970 1 31,551,632 1 L M X  11,262,078 i 4x. 

f 

28,720,463 19,888,783 1 6f 6.831.680 1 
33,773.719 1 21,079,136 

19,615,491 10,491,195 f 
23,724.125 2 1% I 12,059,550 132 

I 
-_ --- _ _ ~ -  

L . .  
5,002,392 4,418,613 I 

6,611,280 4,484,394 !I 2,126,886 

Source: Country Censuses. 

Reigeluth, G . :  op.cit. 
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very fast ar4d highways are bei;ig bu-ilt on a larg? scale. The general environ- 

mental coiicern growing in the seventies P ! ~ S  ail zdditional promotion for w e  

hme in the countryside. 

L'! housing iri the suburbs vis. semi-public housing companies who looked for 

cheaper land  cutside Llie c i ty .  A l o+  of European industrial cmurbations 

also experimced a large inward movement o f  foreign wo:-kers into their older 

core neighborhoods. This created some social tensions and znded up in an 

exodus of highri and middle class peaple, 2s noted in U.S. cities after the 

black influx. 

Furthermo-e, governmect policy indirectly subsidized 

Despite the d:central!zing .rends of industrial and commercial activitier., 

European cities s t i l l  display (7 greater integration of land uses t h a n  in the 

1 1  C 

haw permitted and sotretimes encoureged the rnixsng o f  small service industries 

and retail shops in .esidential areas. 

retail comerc'al acti . i ty par t ly  explain why decentralization of commercial 

activity has not occurred on the scale encountxed in the U,S. In  the cases 

where functiona: zoning has been applied in European c i t ies ,  industrial zones 

seem t o  be smallel-, clo5er t o  residential nciyhbo!hoods, and generally serv,iped 

by public transit. 

Genel-al ly European planning policies, unlike U.S. zoning regulations, 

Differences in the structures of 

The hisher densi"ie5 more compact urban development patterns and 

greater intecjratic- o f  land uses in European cities are likely t o  be related 

w i t h  the differences in tree21 paLte:ns thet  can be observed between 

European an+ ' .S. cities. 

transit especially for the journey i , ~  work. 

16 illustrate this. 

Europeans clearly make a greater U F O  of mass 

Data shown in Tebles 14,  l', and 

The compact configirvation o f  European cities and the 
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Table 14. 

Road Transoort  Comnarison - la72 
U.S. and West Germany 

\Vest Germany 

a s  Percent of 
C ernany U n i t e d  S t J t e s  

Per C l . E 3  per cap it.^ Use 
United West 
S t a t e s  

-I- 

~ - r s *  ant1 motorcycle, 

0 .54  0.17 5cf% Vehlc l e u  
Vch IC les -in I les 554B 2 6 5 6  4 i! 
Parscnger-mi lcs 11,53G 4F07 4 2 
Energy (Ptu) 5 2 . 5  x lod 1!.3 x las 22 
Dtu per Pu (. '549) (2357) 

Duc-es and transit 

LOCJ I 
In t P-C 1 t j t  

Veh,c l e - m i  les 
Loc3 1 

Ton - m i  les 
!n tI31'Ci t y  

0.020 
0 . 0 0 5  

199 
3 37 

L 52 

Reigeluth, G.: op.  c i t ,  



:,.-xter intdgration of laiqd uses seem t c  encourage shorter trips of e l i  

ki::ds and ,nay pzrtly explain the f a r  lower per c2pita passenger car miles. 

Hwever, the lack ut' coMparatf JC d:?t? il:akes i t  d i f f i c u l t  t o  t e l l  cxs.ctly 

h g! th,? distLi,t= o i  Eu;opean journeys t u  v!ork compares v 1 i - h  t h a t  i n  the U.S. 

(5"). 

prevent them f rm hailing some serious crcffic congestion problems. These 

The I? gh 'eve'; of mdss transit usage in Europem cities csln no; 

~ ~ ' ~ b l e m s  are t o  a large extent due t o  the -act t h a t  thc  o ld  physic21 structu;..: 

of these citiec, with high dmsities and narrw streets, is ill-suited for 

the automobile. Howevt,>, European cities have n o t  responded t o  their 

t raff ic  concrestion problems by c'ianging the physical structurl;: t o  eccomodate 

mcre automobiles. : los t  of them have tried t o  preserve thc existing urban 

structux an& mznage travel :ehwior by banning autolnobile t; c f f i c  from pnrts 

of the c i ty ,  creatin9 pedestrian mal's restricting p?rtcing, and encoLiqaS';e8d 

higher use of ma:s Pansi t .  

6.3. Cuprent con-ervatfon pol i c i<?s  

ikst  o f  t k 4  current ene,-gJ conservation policies ir! use l'n the Un.'tecl 
- --"-- -- 

States and E . E . C .  countries are concerned r:/ith retdil prices for energy, 

A~~~3-ma1 efficiency standards, retrofittin?, distr-'ct heating, solar heating, 

at ';omobi le 3.nd transportztion ef I'iciency standerds, progressive \4i ic le  

taxes, carp-oling, e t r .  (53). T4e'tht.r the recent C a r w  energy legislatior 

i?c the rGcomcndations on ener5.; conservation zdopted by the European 

c2~muni-~.!, include my dirart lmr' [-;e measures t o  influeiice rasidential 

aiid transpcrt- --ion energy consumption. State a.nd federa'i wbcn  policy 'le..*?::; 

i n  the United States are s t i l l  not  clilly a w y e  of \ h a t  c ~ n  be done i n  t ' 3 i s  



. c i i l d  t o  S B V ~  energy. 

i s  s t i l l  no such t h i n  

In the  European 

ES a common urb 

a great diversity of nc?tionc?l mcasuri?s 

community on the other hand, as there 

n policy on a federal level there i s  

and differmces i n  prioriti2s for 

Ea41 member state has a number o f  policy instruments i . ,ban develortnent, 

t h a t  could bc u s d  tc influence lanc! use patterns, b u t  few us!? t h E m  as part 

o f  an enkrgy conserving action. 

However most of the current conservation measures are indirectly related 

t o  the urban Cttern BS their success i s  t o  i! large extent dependent on 

support by urbm form condi t ions.  T h a t  i s ,  the use of district  heating 

~v+zin.' retrofi t ' , i n g  proyams so1a.r heating systems transit use, car 

pooling we a l l  i n  3 certain way linked w i t h  urban form t'rrough elerrrents 

such as density, lma use mix ,  and shape. If  the appropriate urban form 

conditions are not  present, i t  i s  155s likely tha t  the energy conservation 

measures will succecd. 

hensive apyro2.ch !:!hick includcs 1 And use policy measures as an integral 

p w t  o f  a general energy policj. 

So, i t  seems t h a t  there is a need for a more ---;: .. 

6.4. Prel-c pis i te  for iSnergy conservation through land  ---. use planning 

The f a c t  tha..: the most industrizlized countries (U.S. 

- .--- ---- -..-- 

!.Jestern Europe, 

?: .A  Japan) w i t h  15% o f  the world popuic:.iion use 56% o f  the world's energy 

resoc;-ces should i n  itsself be importmt enough t o  curb energy use i n  these 

cmntries. 

they wi'i? increase their  er?rgy carumption, !which will definitely result 

i n  internat;. ,a1 conflicts over the d v i n d l i n g  energy supplies, As s s n  i i7  

'3 f w w r  clwpter, there will he sme automztic adjustment vla the mar-W 

mecRz,iism, bclt t h i i ,  ,:ow!Jever, is  no t  sufficient. fi. general policy for 

I t  i s  clear t h a t ,  as the less industrizlized countries develop, 
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conservation i s  necessary 2nd this implies a new model of grovth i n  the 

industrialized countries. This applies pa-ticularly t o  Mesteri? Europe, 

"...which has for t o o  long blindly followed the U.S. growth model without 

hav ing  the domestic encrgy resources t c  support i t  ." (54) Bu t  the U.S. 

which current iy impores the equivslmt of th2 to t21  Saudi-hrabian oil 

product'on, should also revise i t s  energy consumption behavior. 

Since this paper deals with conservation action via land use p l a n n i n g ,  

I will examin. f i r s t  of all the current institutional frameworks in the U.S. 

and the E.E .C .  and see whether they ?.re suitable for  land  use energy 

corservJtion x t i  crn Secondly the soci a1 and psyckologi cal context of 

such a conservation policv must be considered as the attitude of the public 

is  zxtremely important, b o t h  for Pccepting the restrictions i n  energy use 

themselves 2nd for h e l p i n g  t o  bring about  the institutional chmges t o  

promote them. 

6.4.1. institutional changcs 

I t  seem t h a t  from r7 polit iw.1 economical 2nd tecEinic?!l viewpoint, 

i t  i s  easier t o  f i n d  ways t o  conserve energy by improving the performance 

charactzristics cf motor vc-hiclcs, developing various forms o f  public 

transport and adopt inc  more stringcnt insulation stmdnrds, then t o  change 

the institutional frz!mcwork t o  set up cn energy swing urban policy. 

By urban policy, I understmd not only the specified land use regulations 

t o  increase higher densities and promote nixed land  uses b u t  comprehensive 

planning i n , , u d i n g  the whole sct of issues such as housing, einployment, 

recreation, and transportation activities 2nd t n k i n g  i n t o  accau.,it the 

envi ronmen tal cons-i de;ati ons o f  thei r 1 ocati on. 
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!lost of the E . E . C .  countries have 2 long t r i l d i t i on  of planned urban 

growth and, in t h a t  time, have been able t o  set up an elaborate institutional 

framework for lmd use planning.  

1 ~ ~ 2 1  development plans and comprehensive master plans, in somc countries 

subordinated t o  covering regional 2nd rational plans. 

plans either include or are complemented by zoning regulations and buildifig 

regulations, So i n  these countries, the institution21 framework for energy 

saving land us3 policy a i s t s .  

for this particular gozl .  

the energy perspective i n  the planning system 2nd t o  strengthen and coordinate 

the action vith other institutional lwels ,  either within tlie nstion i tself  

or on the E.E.C.-federal level. 

Clost of them regul2te their land  use via 

Local development 

Hovever, up t o  now, i t  w?s simply not  used 

In addition, much rcmains t o  be donc t o  include 

The current legislative framework i n  the U.S .A .  i s  no t  tha t  promising 

i n  this respect. 

use p l a n n i n g  tools in use i n  the UnitEd States. Vith the exception of 

some states which hwc set up growth management schemes or require local 

development plans f o r  e x h  municipality, there i s  no generzl hierarchical 

p lanning  structure 4Iich is  part o f  the legislative framework. Even the 

n w  form of l snd  use control promulgated under the authority o f  the Clean 

Air Act (1970),  by vhich tlie location o f  facil i t ies,  buildings, structures, 

and installations which would attract o r  generate motor vehick t raff ic  

(emission of pollutants), could be controlled, i s  expected t o  12ncounter 

technic21 and operational difficulties, "TO become an effective policy 

for energy conscrvation, land use mmagement i n  the U.S.A. would hwe t a  

be capitble of using more drastic measures than are possible i n  the current 

Up t o  now, zoning ordinances arc almost the only land 
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situation." (55) Various policies should  bc coordinatc..d t o  f i t  in to a 

comprehensive local development plan which would have rns.ndator:y power i n  

each mubiicipa15ty. 

problem of compensation. 

This of course comes t o  the " t a k i n g  issue" and the 

A1 tnough techniques c m  be worked o u t  t o  minimize 

Cjoverntnerit expenditure, for this p u r p o w  such strong measures do not seem 

p o l i t i w l l y  p:ausiblr a t  this momen'.. T h z  pol i t ical  climate, however, i s  

changing rather quickly, as PES shown i n  the s ta tes  vhich adopted stringe;.t 

growth management lm!s. E. Bs.con thinks a more general refom of the lsnd 

use planning r;meworr< in Llhz U,S. should be ' x s c d  only nn thr:?e jur isdic-  

tions: (56) 

- -- local:  which wculd continua i.0 exercise almost complete contrcl w i t h i n  

i t s  own ter;-{tory; there i s  every reason t o  leaie  locsl  zoning 

i n  the hands of loce! jurisdictions:  urban planning should be 

based on comuni ty ?lanning where information and participation 

can be nr*:vided i n  the best ! ~ay  

- - metropolitawliue: viiich should deal w i t h  such extra-loczl concerns as 

transportation m d  tile envi roninent, because only power, sewage 

on thi; Oronder level can provision be mde for  the basic elements 

of grcrl*th and change 

- -_I_ federal : which should underwite and encourage the metropolitan plannin9 

jur isdict ic , is ,  pro\;ick the equalizers that  will compensate for 

scm of the deficiencies of both nature 2nd men, and provide the 

infrastructure t i , G t  w i i i  I-iake a vide chol'ce of l i f e  s tyles  

y r  i i b l e .  
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6.4.2. P u b l i c  acceptance 

Yuch of what has been discussed above i s  dependent on one crucial 

question: how will the public react? Legislative measures anc! institutional 

measures, t o  ise effective- need public acceptance and support. The public 

must becore allare of ihe necessity and economic reasonableness. B u t  even 

i f  t h a t  is  the case, there i s  s t i l l  a l o t  o f  inertia t o  be dealt with. I t  

i s  very difficult t o  change current energ!’ inefficient habits once one was 

used t o  the comfort they offered. 

of i t s  property sovereignty i n  favor of the community. The feasibility of 

all this,  again, differs \lit!? the geograohicF1, cultural  and socio-economic 

context. 

Even more difficult i s  i t  t o  give up some 

I n  b o t h  the U.S. and ‘.jestern Europe, stron9 forces are a t  work which 

w i l l ,  t o  a certain extent, foster p u b l i c  accentance o f  energy saving land 

use measures. 

down (the U.S. had s t i l l  a somewhat faster g r w t h  rate thzn ths E.E.C. 

average). 

of the declinins ratio of the amount of occupants per dwellincJ. 

more, people will be l i v i n g  on their own, and furthermore, the growing 

importance o f  adul t-oriented households (less children) will mean a further 

decline of freestanding single family homes as the basic form of new housingi, 

and a higher willingness o f  people t o  live i n  multi-family units. This 

slowr growth rate means t h a t  the ervphasis of the housing programs vi11 

increasingly be laid upon rehabilitation programs instead of Few development. 

This vi11 also make i t  easier t o  pramote higher density development. 

Another fac tor  i s  t a a t  the rate o f  real income growth Der worker will slow 

First of a l l ,  the population growth rate will continue t o  slow 

However, housing needs ifti 11 not decrease particularly because 

liore and 



down as i ! o r l d  wide compet i t ion increases f o r  l i m i t e d  amounts of' food, raw 

mater ia ls  and o ther  rzsources. !.!ith such ex terna l  pressure, together  w i t h  

h igher  enersy pr ices  and land p r i ces ,  the  c l imate i s  r i g h t  f o r  p u b l i c  

acceptance of conservation p o l i c i e s ,  T n i s  i s  p a r t i c u l a r l y  t r u e  f o r  

European coun,:;ies !.hid? are more dependent on f o r e i y  suppl ies and there fore  

w i  11 experience even s t ronger  pressure 

As fa r  as counteract ive forces are concerned, these are p a r t l y  r e l a t e d  

t o  the physics: s t r u c t u r e  and p a r t l y  t o  the mcire soc io loq i ca l  and psychologica l  

aspects of changing a t t i t u d e s  and hab i ts .  E x i s t i n g  lower dens i t i es  i n  t h e  

U.S. ! 4 i l l  make i t  . lo t  on ly  i n s t i t u t i o n a l l y  and t e c i i n i c a l l y  more d i f f i c u l t ,  

b u t  a l so  harder f o r  the p u b l i c  t o  accept such th ings as i n f i l l i n g  i n  suburban 

neighborhoods. Another f a c t o r  i s  t h a t  people's hab i t s  ar,d a t t i t u d e s  w i l l  not 

change overn ight ,  and some w i l l  n o t  change a t  a l l  a As l u x u r i e s  of the past  

have become the necess i t ies  o f  the  present, they are n o t  l i k e l y  t o  be 

abandoned fo r  less energy consuKptive prac t ices .  I t  a lso  requ i res  a l o t  of 

courage t o  swi tch from a comforxable p r i v a t e  car  t o  a "crowded" transi-c 

vehic le .  

as he wants. 

And whi,t t o  do about the American wyth t h a t  a man can use h i s  land 
9 

To change t h i s  fundamental idea  w i l l  take a l o t  more d iscuss ion 

arid debate. However, as has been s?.id, the growing impact o f  government on 

land use matters i n  ci 'ffcrent s ta tes  o f  the  U.S.A. i s  induc ins a m e n t a l i t y  

change and w i l  

countr ies have 

The d i f fe renc :  

a l so  no t  h igh  

create the  necessary ''pro'' p l  annins atmosphere e European 

the advantagcs o f  habing had a s t ronger  planning t r a d i t i o n .  

between ener(ly e f f i c i e n t  and i n e f f i c i e n t  t ranspor t  modes are 

n terms o f  cop fo r t  as i n  the  U.S.  So, i t  i s  expected t h s t  
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changing transport habits can be more successfully promoted i n  Europe. 
* I  Because of the complexity of such matters as uiItiir7: ;A 6 K K <  -.wi 

psychological behavior, much of vkat has been said above remains uncertain. 

I t  i s  clear t h a t  the problems o f  p u b l i c  acceptance of energy conservation 

measures should be subject t o  further, more specialized research for which 

this paper may give some rough ideas. 
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7. coldcLusIoI\!s 
This gaper gave it review of some of the aspects of the relationship 

bctween urban form and residential and transportation energy consumption 

and coijixentec Jn the issue how this l i n k  could possibly be used as an 

add i t iona l  tc;l for etierpy conservation. In the t h i r d  chapter, has been 

shown t h a t  urban form influence energy consumption i n  various ways. 

D d l i n g  units in higher density structure consume less energy for space 

conditioning ( ,ily up  t o  a certain density tlircshold) t h a n  do single 

fariii;J* detached homes because of better insulation through comon walls 

and ceilings. A mmpact rpa t ia l  structure with more mixing of land uses 

may shov a lower demand for trawl as well and i n  addition may increase 

the feas ib i l i t y  o f  energy saving transit and carpools 

is  s t i l l  a l o t  of reluctance (or is i t  ignorance or lack of long term view?) 

among p-licymd<ers t i  set up a more energy conscious land usc planning  

po? icy, 

Nevertheless, there 

Thzre are some unsolved issues which support pol i t ic ians  i n  their 

pass! ’v i ty.  

of such imd use action ( n l .  on the amount o f  energy t h a t  can be saved) 

aiid on the cther hand i t  ir  difficult t o  evaluate the costs (what would be 

the costs c7:t the cxI3eYse o f  which energy could bz saved?). 

tl-,is cost-benefit prob;em has t o  deal with the general uncertainty on the 

energy future: how long w i  I 1 i t  take before current resources will be 

exhausted? t ! a t  about new resources and their possible effect. on land use 

structure and ths energy balancc? {,opefully t h a e  information gaps can be 

filleu by additional research. 

On 0’-e hand,  sow controversy exists on the potential benefits 

In  addition, 
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Despite these unccrtainties policymakers should begin t o  apply what 

f s  known about energy efficient land use planning ,  and t h a t  for  the following 

importarit reasons : 

- !!any of :hc proposed energy-efficient l and  use patterns are quite 

f t A l i a r  and bave alre3dy been advocated because of the opportunities they 

offer i n  other areas t h a n  energy i . e .  preservation o f  prime agricultural 

1 c'id and open spaces 1 owering pub1 i c  service costs revitalization of 

central cities political and sociel organization on the neighborhood level, 

so on. Energy constraints are just one more ar9umnt t o  do something 

in tine development problems facir,g local governments. Therefore, energy 

saving land use measures should be a part  of a comprehensive policy i n  which 

energy efficiency i s  only one consideration and which i s  a result of a trade 

off between a1 1 the advantages and possible negative consequences seen from 

different perspectives. 

- Anothc). important point in this evaluation o f  costs and benefits i s  

the fac t  t h a t  snving energy through land use p l a n n i n g  i s  clearly a long ranse 

strategy. 

mileage o f  automobiles and o f  retrofitting horns, However, i t s  impact i n  

~h long run is significant. 

ment patterns will continue for decades t o  come. The sooner the community 

bet) ins with energy efficient planning, the sooner the energy servings can 

be realized. 

unlikely t h a t  ;he existing spatial pattern will be dismantled in favor of a 

r c w  2,xrgy saving one. This pattern cay: only change very sloi.lly. T h i s  

I t  --annot compete vi t h  immediate pay-offs of improving the gasoline 

The energy wasted by inefficient land develop- 

In the more iridustrialized countries, i t  i s  also extremely 
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was even true i n  the post-war grovti? period, b u t  even nov t h a t  1:s have 

more stable denograqhic trends i t  would require strong political pressure 

and take a long time before an increase in density by infilling bypassed 

land or by rearrangement of already developed areas can be realized. So, 

every occasion from now on has t o  be used t o  the utmost. 

However, no t  only the existing physical structure contains strong 

I t  may even be more difficult t o  pursue land use change t h a t  inertia. 

include a reversal of attitudes and style of l i v i n g .  

i n  the U.S.A. where the cost of such action will be evaluated from a 

different perspective than iri the European countries taken i n  account the 

l i f e  style differences already in existence. 

of these changes i n  both institutional framevork and public attitude i s  a 

very complicated rriatter and should be subject t o  further research. 

This i s  true especially 

Hov,rever, the feasibility 
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