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Abst rac t  

Land use p lays  an  important  r o l e  i n  s t r u c t u r i n g  t h e  b a s i c  p a t t e r n s  i n  
which energy i s  consumed i n  many a r e a s  of t he  United S t a t e s .  Thus, i n  cons ider ing  
p o l i c i e s  a t  a  n a t i o n a l  o r  l o c a l  l e v e l ,  which a r e  aimed a t  e i t h e r  u t i l i z i n g  energy 
s u p p l i e s  i n  a  more e f f i c i e n t  manner, o r  i n  e s t a b l i s h i n g  the  c o m p a t i b i l i t y  of new 

\ 

energy supply,  conversion and end use technologies  wi th  our e x i s t i n g  s o c i a l  
p a t t e r n s  of energy use,  i t  i s  important  t o  understand t h e  in te rdependencies  
between land  use and energy. 

The Land Use-Energy U t i l i z a t i o n  P r o j e c t ,  i n i t i a t e d  i n  J u l y  1974 wi th  suppor t  
from the  Of f i ce  of Conservation and Environment of t h e  Federa l  Energy Administra- 
t i o n ,  was designed t o  explore  t he  q u a n t i t a t i v e  r e l a t i o n s h i p s  between a l t e r n a t i v e  
r e g i o n a l  land use p a t t e r n s  and t h e i r  r e s u l t a n t  energy and f u e l  demands and the  
impacts of t hese  demands on the  r eg iona l  and n a t i o n a l  energy supp ly -d i s t r i bu t ion  
systems. The p r o j e c t  s t u d i e s  and ana lyses  descr ibed  b r i e f l y  i n  t h i s  r e p o r t  
provide 

- a  framework f o r  d e l i n e a t i n g  the  energy system impacts of c u r r e n t  
and pro jec ted  r e g i o n a l  land  use development. 

- a  base  of in format ion  dea l ing  wi th  the energy in t ens iveness  of 
a s s o r t e d  land use a c t i v i t i e s .  

- models which enable  f e d e r a l  and r e g i o n a l  p lanners  t o  e s t ima te  
t he  ranges of p o t e n t i a l  energy saving  which could be der ived  from 
employing a l t e r n a t i v e  land use a c t i v i t y  con f igu ra t ions .  

- a  use r  manual, based on t h e  above, f o r  a l lowing l o c a l  land use  
p lanners  t o  c a r r y  ou t  t h e i r  own land use-energy impact eva lua t ions .  

Much remains t o  be  done t o  e l u c i d a t e  t he  complicated in te rdependencies  
between land  use and energy u t i l i z a t i o n .  What we have accomplished is  an 
i n i t i a l  scruceuring of the ,problem.  Un t h e  o t h e r  hand, t he  r e c e n t  i n c r e a s e  i n  
i n t e r e s t  i n  e s t a b l i s h i n g  new ways f o r  t he  United S t a t e s  t o  achieve  energy conser- 
v a t i o n  sugges ts ,  t h a t  a c t i o n s  w i l l  be  taken i n  t he  near  f u t u r e  t o  t i e  l and  use 
development t o  n a t i o n a l ' a n d  l o c a l  t a r g e t s  f o r  conserva t ion .  Consequently, we 
o u t l i n e  a fu t i i re  agenda of r e sea rch ,  d a t a  c o l l e c t i o n ,  demonstrat ion,  and pol icy-  
r e l a t e d  e f f o r t s  aimed a t  bo th  inc reas ing  our  understanding of t he  land  use-energy 
equat ion  and a t  e f f e c t i n g  changes i n  c u r r e n t  l and  use planning p r a c t i c e s .  
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I. INTRODUCTION 

Land use plays an important r o l e  i n  s t ruc tur ing  t h e  basic pa t te rns  

i n  which energy i s  consumed i n  many areas of t h e  United Sta tes .  The uses 

to.  which land i s  put and t h e i r  s p a t i a l  arrangement with respect  t o  one 

another can a l so  influence t he  energy technologies and t h e  production, 

conversion and d i s t r i bu t i on  f a c i l i t i e s  which a re  u t i l i z e d  t o  provide 

t h e  f i n a l  energy t o  r e s iden t i a l ,  commercial, and i n d u s t r i a l  users.  Thus, 

i n  considering po l ic ies  a t  a nat ional  or  l o c a l  l e v e l ,  which a r e  aimed a t  

e i t h e r  u t i l i z i n g  energy supplies i n  a more e f f i c i e n t  manner, o r  i n  estab- 

l i s h l n g  t h e  compatibil i ty ot' new energy supply, conversion and end use 

technologies with our ex i s t ing  soc i a l  pat terns  of energy use, it i s  

important t o  understand t h e  interdependencies between land use and energy. 

The Land Use-Energy Ut i l i za t ion  Pro jec t ,  i n i t i a t e d  i n  July  1974 with 

support from the  Office of Conservation and Ehvironment of t h e  Federal 

Energy Administration, was designed t o  explore t h e  quan t i t a t ive  re la t ion-  

ships between a l t e rna t i ve  regional  land use pat terns  and t h e i r  r e su l t an t  

energy and f u e l  demands and t he  impacts of these  demands on t he  regional  

and nat ional  energy supply-distribution systems. More spec i f i c a l l y ,  it 

was intended t h a t  t h e  project  s tudies  and analyses would r e s u l t  i n :  

1. a framework fo r  del ineat ing t h e  energy system impacts of 

current  and projected regional  land use development. 

2. a base of information dealing with t he  energy intensiveness 

of assor ted land use a c t i v i t i e s .  

3. models which would enable federa l  and regional  planners t o  

est imate t h e  ranges of po t en t i a l  energy saving which could 

be derived from employing a l t e rna t i ve  land use a c t i v i t y  

configurations. 

4. a user  manual, based on t h e  above, f o r  allowing l o c a l  land 

use planners t o  carry  out t h e i r  own land use-energy impact 

evabuat ions. 



Several  repor t s  and pagers have been issued during the course of t h e  

project  dealing w i t h  each of these  object ives ,  The most inclus ive  of 

these  a re :  

1. Land U s e  and Energy U t i l i z a t i on :  Interim Report 

This repor t  describes t h e  conceptual framework used t o  analyze t he  

complex in te r re la t ionsh ips  between regional  growth parameters, land use 

preferences, and constraining cha rac t e r i s t i c s  of t h e  regions '  physical  

t e r r a i n  and per t inent  energy-related factors .  The repor t  a l so  contains 

an exposit ion of t h e  basic methods used t o  evttluaLe Llle energy i n t ens i t y  

f ac to r s  associated with spec i f ic  land use a c t i v i t i e s .  P'lnally, it includes 

a case study i l l u s t r a t i n g  t he  app l i cab i l i t y  of t h e  framework and land use/ 

energy i n t ens i t y  f ac to r s  t o  a spec i f ic  region - t h e  Nassau-Suffolk a rea  

of Long Island.  

2. Land Use-Energy Simulation Model - A Computer-Based Model fo r  

Exploring Land Use and Energy Relationships 

The basic  model developed during t h e  course of t h e  p ro jec t  i s  

presented in t h i s  repor t .  That model employs t h e  basic  s t ruc tu r e  of 

t h e  Lowry land use model t o  develop a var iant  which captures t h e  

s i gn i f i c an t  energy sens i t ive  elements i n  regional  land use development. 

The repor t  describes t h e  model components, shows how it i s  capable of 

generating t h e  basic  s t r u c t u r a l  elements i n  t h e  land use-energy demand 

equation, and presents several  examples Lo demonstrate i t o  app l icab i l i ty .  

3.  !he Planner 's  Energy Workbook - A User's Manual f o r  Exploring 

Land Use and Energy U t i l i z a t i on  Relationships 

Aimed primarily at regional  and l o c a l  planners, t h i s  repor t  describes 

framework f o r  land use-energy u t i l i z a t i o n  analysis  and goes on t o  

describe step-by-step procedures which planners can u t i l i z e  t o  carry  out 

energy demand and f u e l  analyses based on land development in Llleir 

own communities. Worksheets, energy i n t ens i t y  ~nformat lon ,  and l i s l i ~ ~ g s  

of l o c a l  and nat ional  energy data  sources a r e  presented i n  t h e  repor t .  

F ina l ly ,  by way of i l lusLra t ing  the  uses of t h e  basic  information offered 

i n  t he  body of t h e  repor t ,  t h e  r e s u l t s  ur energy analysis  calcula t ions  

based on r e a l  data  f o r  a la rge  region 8nd a small community a r e  presented. 



In this  f i n a l  repor t ,  we summarize b r i e f l y  t h e  important f indings 

of the project  a d  ind ica te  fu ture  d i rec t ions  fo r  policy-related research 

in t h i s  area.  Details, of t he  models and analyses a r e  a l l  contained i n  

t h e  other  t h r e e  repor ts  noted above. 
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11. ENERGY AND LAND USE PLANNING . 

The nature of a nation's  pa t t e rn  of energy consumption i s  a product 

of  many fac to rs  - t h e  prevai l ing l i f e - s t y l e  of i t s  c i t i z e n s ,  i t s  i n s t i -  

t u t i o n s ,  and t he  h i s t o r i c a l  development of i t s  energy supply-distr ibution 

system. Several analyses of energy consumption i n  o ther  i ndus t r i a l i z ed  

countr ies ,  which on a per  c ap i t a  ba s i s  consume s ign i f i c an t l y  l e s s  energy 

than t h e  United S t a t e s ,  have revealed a number of sub t l e  complexities 

in the  interconnecting l inkages.  While land use pa t t e rns  a r e ,  i n  a sense,  

a s t r u c t u r a l  manifestat ion of these  and other  s o c i e t a l  f a c to r s ,  i n  

considering long term po l i c i e s  aimed a t  e i t h e r  reducing fu tu re  energy 

demands in t h e  United S t a t e s  o r  insur ing t h e i r  compatibi l i ty with a l t e r -  

nat ive  energy technologies being developed, land use o f f e r s  a unique 
. . 

instrument f o r  bringing about a major a l t e r a t i o n  i n  nat ional '  energy 

consumption. 

To understand the  importance of t he  land use component i n  s e t t i n g  

t h e  bas ic  pa t t e rn  of the  na t ion ' s  r e s i d e n t i a l  and, t r anspor ta t ion ,  energy 

expenditures, one must consider t h e  bas ic  decision elements which a f f e c t  

t o t a l  l i fe- t ime energy consumption f o r  most households i n  t h e  United 

S ta tes .  From a pol icy  perspective,  the  s i gn i f i c an t  descr ip tors  of these  

decision elements a r e  1) the  implications with respect  t o  f r a c t i on  of - - 

t h e  t o t a l  l i fe-t ime energy consumed by t h e  household a s  a r e s u l t  of t h e  

decis ion,  and 2 )  t h e  time i n t e rva l s  between the. recurrence of such de- 

c i s ions .  Viewed within t h i s  context ,  the  choice of s i t e  for. a  household 

residence i n  a region,  i t s  s i z e ,  and i t s  constructi.on type represent  perhaps 

t he  key decisions which w i l l  determine ove ra l l  l i fe- t ime t ranspor ta t ion  

and space energy consumption f o r  t h e  household. Moreover, once made, t h e  

energy consequences of such decisions remGn i n  e f f e c t  f o r  t h e  inhabi table  

l i f e - t h e  of t h e  dwelling - some 40 years on t h e  average. The same 

reasoning holds t r u e  f o r  t h e  locat ion and mix of regional  and/or community, 

.l i ndus t r i a l ,  and c o r ~ ~ e r c i a l  ac.LP.vT L i e s .  

On the  o ther  hand, household decisions with respect  t o  t h e  s i z e ,  



number, and type of automobiles, major and minor appliances, and energy 

consumed in disposables,  w i l l  not only a f f ec t  tota,l l i f e - t i ne  household 

consumption l e s s  s i gn i f i c an t l y  but  involve decisions made on a recurr ing 

ba s i s  every few years.  

For both l o c a l  and na t iona l  pol icy makers concerned with energy, 

these  differences pose a fundamental dilemma. It i s  c l ea r  t h a t  t h e  

energy savings derived from i n i t i a t i v e s  di rected toward influencing 

t h e  recurring household decisions w i l l  be more productive of r e s u l t s  

i n  t h e  shor t  t e rn .  On t h e  other  hand, i f  these  i n i t i a t i v e s  a r e  not 

accompanied by other  act ions  which o f f e r ,  f o r  example, ac t ions  t o  l i m i t  

t h e  sprawl of urban a reas ,  they w i l l  leave untouched t h e  major deter-  

minants of na t iona l  energy growth. 

Land use planning i n  t he  United S ta tes  over t h e  pas t  several  decades 

has been influenced by a s h i r t i n g  s e t  of p r a c t i c a l  and ae s the t i c  concerns 

such as environmental po l lu t ion ,  i n t e r e s t  i n  providing housing t o  low and 

middle income groups, and t he  re ten t ion  of l a rge  open spaces and farm 

land. These concerns have been r e f l ec t ed  i n  t h e  development of new areas 

and t h e  redevelopment of inner c i t i e s ,  i n  zoning decisions a f fec t ing  t h e  

s i t i n g  of r e s i d e n t i a l ,  commercial, and i ndus t r i a l  a c t i v i t i e s ,  and i n  t h e  

loca t ion  and choice of mass t r a n s p ~ r t a t i o n  systems and road networks. A 

-- necessary preliminary t o  obtaining land use decisions t h a t  lend weight 

t o  these  d i f f e r en t  s o c i e t a l  i n t e r e s t s  i s  t h e  formulation of a quan t i t a t ive  

methodological bas i s  f o r  e lucidat ing t h e  impacts of a l t e rna t i ve  po l ic ies  

on land use arrangements and/or t h e  e f f e c t s  of a var ie ty  of land use 

arrangements on t h e  i s sue  on hand. I n  the  case of energy, such a methodol- 

ogy must be aimed at  r e l a t i ng  t h e  production and use of energy i n  a region 

t o  t h e  m i x  and s p a t i a l  arrangement of each of t h e  major land use a c t i v i t i e s  

- r e s iden t i a l .  commercial, i n d u s t r i a l ,  and t ranspor ta t ion.  To be used 

e f f ec t i ve ly  a s  a land use planning t o o l ,  such a methodology must not only 

be ab le  t o  e s t ab l i sh  t he  dependence of  energy demand on a l t e rna t i ve  land 

use configurations,  but  must pose these  in te r re la t ionsh ips  i n  a manner which C 

revea l s  the  interdependency between t h i s  demand and t h e  regional  and nation- 

al system of energy supply and d i s t r ibu t ion .  Moreover, t h e  methodology 



must be su f f i c i en t l y  general t o  permit i t s  use under a wide var ie ty  of 

conditions at tendant t o  t he  use of land in d i f f e r en t  p a r t s  of t h e  country 

and t he  prevai l ing uses of d i f f e r en t  energy fue l s  and technologies. 

Final ly ,  procedures must be iierivable from t h e  methodology which allow 

i t s  use by planning groups with l i t t l e  o r  no technical  background 

i n  energy systems o r  technologies. Our approach used i n  exploring t h e  

re la t ionships  between energy u t i l i z a t i o n  and land use i s  r e f l e c t ed  i n  

a generalized systems framework which includes all these  considerations. 

4f 
A. Systems Framework f o r  Formulating .Land Use-Energy Relationships 

Figure 1 shows in diagramatic form t h e  conceptual framework we 

have u t i l i z e d  fo r  analysis  of the  re la t ionsh ips  between land use develop- 

ment goals,  preferences,  and cons t ra in t s  and t h e i r  regional  and nat ional  

energy implications. This diagram i d e n t i f i e s  t h e  basic  elements which 

en te r  t h e  land use-energy linkages &d those points i n  t he  .system where 

intervening s t r a t e g i e s  and measures a r e  l i k e l y  t o  br ing about changes 

i n  ex i s t ing  energy use p rac t ices  and land use development trends.  As 

seen i n  t h e  f igure ,  our approach acknowledges t h a t  t h e  primary driving 

forces which define t h e  mix, l e v e l s ,  and s p a t i a l  arrangement of land use 

a c t i v i t i e s  i n  a region a r e  most of ten foukd t o  be 'exogenous t o  energy 

considerations. They r e s u l t  from a var ie ty  of external  economic, soc i a l ,  

and p a l i t i c a l  condit ions,  many of which a r e  s e t  by fac tors  beyond t h e  

control  of t h e  region. Some of these ,  however, a r e  i den t i f i ab l e  t a r g e t s  

o r  goals f o r  regional  development, such as  population, employment, and 

, i ndus t r i a l  growth. Regional preferences with respect  t o  i n d u s t r i a l  de- 
/ 

velopment, m i x  of a c t i v i t i e s ,  zoning, open space, e t c . ,  a l so  en te r  i n t o  

regional  development, as  do ce r t a in  physical  charac te r i s t i cs '  of t h e  

t e r r a i n  and ex i s t ing  land uses.  . . 

A knowledge of these  regional  development parameters and descr iptors  . 

does no t ,  in general ,  y i e ld  a s e t  of land use a c t i v i t i e s  which i s  defined 

with su f f i c i en t  precision t o  assess t he  projected energy demand. The 

pllrpose of t h e  land use-energy simulation model i s  t o  provide t h i s  a l lo -  6 7  

* 
T.O. Carrol l ,  e t  al., Land Use and Energy Ut i l i za t ion :  Interim Report, 
BNL/SUNY Report, BNL 20577 ( ~ c t o b e r  1975 ) . 



ca t ion  f o r  each of t h e  major land use sec to rs  - r e s iden t i a l ,  commercial, 

i n d u s t r i a l ,  and t ranspor ta t ion  and t o  p a r t i t i o n  t he  end-use sec to rs  among 

t h e  ava i l ab le  space i n  the region in a manner t h a t  i s  consis tent  wi th  

regional  development goals and cons t ra in t s .  Once this de ta i l ed  s e t  of land 

use a c t i v i t i e s  i s  obtained from t h e  model, one can evaluate  t h e  projected 

energy demand f o r  t h e  region u t i l i z i n g  t h e  energy i n t e n s i t y  coef f i c ien t s  

associa ted wi th  each subsector of land use a c t i v i t y .  

The spec i f i ca t ion  of energy i n t e n s i t y  must both r e l a t e  t o  convention- 

al land  use categor ies  used by planners and be consis tent  with t he  varying 

manner i n  which energy i s  consumed by these  a c t i v i t i e s .  The output of  t he  

l and  use-energy simulation model i s  a  s e t  of  energy demands associa ted with 

r e s i d e n t i a l ,  commercial, i n d u s t r i a l ,  and t ranspor ta t ion  a c t i v i t i e s  of t he  

projected land use configuration.  

The designation of spec i f i c  f ue l s  fo r  individual  end use sec to rs  and 

of t h e  mix of f ue l s  needed t o  supply these  regional  energy demands i s  a  

product of th ree  i n t e r ac t i ng  fac to rs .  F i r s t ,  se lec ted  technologies a r e  

u t i l i z e d  t o  (meet t h e  end use demand f o r  energy. For example, t o )  provide 

t h e  services  of personal t r a v e l ,  t h e  region may r e l y  primari ly upon t he  use 

of conventionally-powered automobiles. Given t he  energy e f f i c iency  of these  

vehic les ,  we can p ro jec t  t h e  amount of gasol ine  t h a t  w i l l  be required t o  meet 

the  regional  energy demands speci f ied  by t he  land use-energy model uuLputs. 

Second i s  the  regional  energy supply-distr ibution systems, which may a c t  t o  

l i m i t  t h e  t o t a l  amounts of f u e l s  ava i l ab le  t o  t h e  region. Gasoline 

de l i ve r i e s  t o  t h e  region, f o r  example, may be l imi ted  by import f a c i l i t i e s  

o r  p ipe l ine  capac i t i e s .  Since the  production, processing, and d i s t r i bu t i on  

of energy a r e  themselves land use a c t i v i t i e s ,  and have t h e i r  associated 

environmental e f f e c t s ,  regional  preferences exer t  an influence on the  choice 

of' s i t e s  f o r  t h e i r  loca t ion  and Lhe energy conversion technologies used, f o r  

example, nuclear versus coal - f i red  e l ec l l - i c  geaerat lng s t a t i on .  The L21ir.d 

f a c t o r  i s  t he  nat ional  energy system. Tlruugh po l i c i e s  a f f ec t i ng  energy 

p r ices ,  the  a v a i l a b l i l i t y  of spec i f i c  fuel. types,  and choice of' energy supply 
s 

technologies, t h i s  system operates t o  influence the  regionax supply-distr ibution 

system, end-use technologies,  and land uses. 



To analyze these  regional  and na t iona l  energy system impacts on f u e l  

demands.. md t o  insure that an i n t e rna l l y  consis tent  s.et of data  and in- 

formation is, used t o  describe these systems, we u t i l i z e  t h e  models and 

da t a  formats which have been developed at  Brookhaven National Laboratory 

' f o r  nati.onal and regional  assessments . Since t he  output of t h e  p ro jec t  

i s  designed t o  be used as a planning t o o l  f o r  l o c a l  and s t a t e  land use 

planners and federa l  policymakers, t h e  'policy var iables  i n  t h e  systems 

framework were chosen t o  r e f l e c t  regional  development parameters such a s  

loca t ion  of new industry,  r e s iden t i a l  zoning, and certazn cha rac t e r i s t i c s  

of t h e  t ranspor ta t ion sec tor  which a r e  of d i r ec t  i n t e r e s t  t o  t h e  planner. 

It a l so  includes regional  development goals such as  des i red l eve l s  of 

population, employment, and h ~ u s i n g  mix. A t  t h e  same time, t he  frame- 

work components contain e x p l i c i t  i den t i f i c a t i on  of t h e  basic  descr iptors  

of each land use a c t i v i t y  which w i l l  account f o r  t h e  magnitude and form 

of i t s  associated energy demands. 

Characterizing and quantifying t h e  specfal  re la t ionsh ips  between the  

l e v e l ,  mix, and s p a t i a l  arrangement of land uses and t h e i r  energy demands 

requires  t h a t  we formulate a system of d i f f e r en t i a t i ng  land use a c t i v i t i e s  

which (1) i s  famil iar  t o  land use planners,  (2 )  i s  ab le  t o  r e f l e c t  t h e  

varying l eve l s  of economic development i n  t he  region,  ( 3 )  displays t h e i r  

r e l a t i v e  contributions t o  t o t a l  regional  energy demands, o r  t o  t h e  demands . -  

on pa.rticu1a.r f u e l  types,  ( 4 )  d is t inguishes  between a c t i v i t i e s  which a r e  

more apt  t o  respond t o  avai lable  energy suppl ies ,  and ( 5 )  allows t h e  

effectzveness of energy conserving technica l  process t o  be included. It 

a l so  requires  that we seek varying l eve l s  of aggregation of land use 

a c t i v i t i e s  in t h e  individual  sectors  which (1) a re  compatible with t h e  

l imi ted nature of avai lable  da ta ,  ( 2 )  u t i l i z e  avai lable  submodels t o  e s t i -  

mate the  e f f ec t s  of regional  differences i n  climate, energy use p rac t ices ,  

and construction types on energy demand, ( 3 )  allow where necessary t h e  

specif icat ion of individual  f ue l s  needed t o  s a t i s f y  t h e  services  fo r  which 

t the energy i s  q l o y e d ,  and. ( 4 )  y i e l d  values f o r  the  energy i n t ens i t y  

f ac to r s  which a r e  r e l a t i v e l y  constant throughout t h e  region. 

I n  t h e  land use-energy simulation model, f o r  example, each major 

sec tor  of land use a c t i v i t i e s  i s  subdivided i n t o  a number of categor ies ,  and 
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Figure  1. Framework f o r  s ea r ch  and s e l e c t i o n  of energy- 
conserving land use  p a t t e r n s .  



t h e i r  energy and fue l  specif ic  demands a r e  estimated on the  bas i s  of surveys 

of  ex i s t ing  information and data  sources. The energy demands per un i t  

a c t i v i t y ,  w h i c h  a re  t h e  land use-energy i n t ens i t y  f ac to r s ,  thus represent 

average values fo r  a composite set of end use services  within t h e  land 

use a c t i v i t y  category f o r  which energy i s  being consumed. The energy 

i n t ens i t y  f ac to r  f o r  t he  single-family dwelling category, f o r  example, 

contains information spec i f ic  t o  '(;he region on average energy consumption 

f o r  space hea t ,  a ir  conditioning, and major and minor appliances. To 

cas t  these  land use-energy demands i n  terms famil iar  t o  planners,  we 

use d i f f e r en t  un i t s  i n  d i f f e r en t  land use sec tors  -- dwelling un i t  i n  

t h e  r e s iden t i a l  sec tor ,  square footage i n  t he  commercial sec tor ,  value- 

added o r  number of employees i n  t he  i ndus t r i a l  sec tor ,  and vehicle miles 

i n  t h e  t ranspor ta t ion sector .  The s p a t i a l  element i n  specifying t h e  

final land use pa t te rn  i s  captured i n  t h e  t ranspor ta t ion sec tor  of t h e  

model which takes  i n to  account both t he  ex i s t ing  t ranspor ta t ion network 

and knowledge of nat ional  and regional  t r a v e l  pat terns .  

The appl icat ion of t h e  system framework shown i n  Figure 1 usually 

consis ts  of t h r ee  basic s teps :  

1. a "business-as-usual case" i s  prepared i n  which t he  input 

parameters, such a s  zoning and i n d u s t r i a l  development, t o  

t he  land use-energy simulation model represent a  continuation 

of present trends.  The r e su l t i ng  energy and f u e l  demands 

a re  then compared with t h e  energy a v a i l a b i l i t y  from t h e  

regional  energy supply system. Loadings on t h e  na t iona l  

energy system a re  estimated. 

2. Al tera t ions ,  fo r  example, zoning changes, a r e  then introduced 

i n to  t h e  inputs of t h e  land use-energy simulation model which 

r e s u l t  in a changed land use pa t te rn  and s e t  of energy end 

use demands which a r e  d i f f e r en t i a t ed  between f u e l  spec i f i c  and 

non-fuel spec i f i c  demands. 

3. 'I'hc: supply-demand models can then be used t o  determine minimum 

cost  f ue l  a l loca t ion  t o  meet these  demands. Included i n  these  

models a re  any cons t ra in t s  imposed by regional  preferences,  t h e  



energy production and conversion technologies u t i l i z e d ,  

and na t iona l  supply a y a i l a b i l i t i e s .  

A more de t a i l ed  discussion of t h e  da ta  and information base t o  

support such appl icat ions  of t he  systems framework i s  contained i n  

t h e  next sect ion of this repor t .  



111. WJOR RESULTS OF THE LAND U S E - m G Y .  
U T I L I Z A T I O N  STUDY 

. . 

Two types of results have been forthcoming from this study of land 

use and energy u t i l i z a t i on .  The f i r s t  a r e  methodological. These include 

. t he  systems framework fo r  s t ruc tur ing  t h e  l inkages between 

regional  and/or community development and t he  energy system. 

. t h e  energy i n t ens i t y  fac tors  which connect t o t a l  energy 

demand and f u e l  spec i f i ca t ion  cha rac t e r i s t i c s  with a  

r e l a t i v e l y  l imi ted s e t  of d i s c r e t e  land use a c t i v i t i e s .  

. t he  land use-energy simulation computer model which 

captures t h e  e s sen t i a l  in te r re la t ionsh ips  beteen a l t e r -  

nat ive  land use development pa t te rns  and t h e  character  

and magnitude of t h e  resu l t ing  energy demand. 

. the  s impl i f ied procedures presented i n  m e  Plminerts 

Energy Workbook which allow planners t o  assess  t h e  energy 

implications of t h e i r  own regional  o r  community develop- 

ment plans. 

A second type of r e su l t  t o  come out  of t h e  study i s  of a  more general  

nature. It includes 

. t h e  est imates of spec i f i c  energy savings which a r e  

obtainable i f  energy conserving land use designs a r e  

' employed. 

. generic conclusions which r e l a t e  t o  t he  character  of 

land use-energy u t i l i z a t i o n  in te r re la t ionsh ips .  

. a t en t a t i ve  agenda based on t he  above fo r  fu tu re  policy- 

r e l a t ed  research and act ion i n  t h i s  area.  

In  t he  sect ions  t h a t  follow, we summarize t h e  s ign i f ican t  features  of each 

of these  major r e s u l t s  and discuss some of t h e  d i f f i c u l t i e s  l i k e l y  t o  be 

cncountcrcd i n  t h c i r  u t i l i z a t i o n .  



* 
A. Systems Framework 

The systems frameuork, which i s  summarized in t h e  preceeding sect ion 

of this repor t ,  u t i l i z e s  seasoning similar t o  t h a t  found i n  a var ie ty  of 

environmental-land use. models. Both. employ a c t i v i t y  models t o  generate 

output l eve l s  in t h e  f ac to r s  of i n t e r e s t .  In t h e  energy case,  these  a r e  

t h e  t o t a l  average energy demand and t h e  f u e l  spec i f i c  character  of t h e  

demand where such can be defined. 

From a pol icy perspective,  a basic  d i f f i c u l t y  i n  t h e  formulation of 

t h e  energy-land use a c t l v l t y  equation I s  .Lhe l ack  ur e a s i l y  es tabl ished 

and measured indices  t o  express s o c i e t a l  concerns i n  a cost-benefit context 

equivalent t o  t he  indices  of ambient a ir  and water qua l i ty  i n  t h e  environ- 

mental case. ~ o n s i d e r a 6 l e  thought was given t o  t h e  p o s s i b i l i t y  of formulat- 

ing such energy indices  o r  measures. The concept of a regional  energy 

budget, based on t o t a l  energy demand generated by current  and projected 

land use a c t i v i t i e s ,  was considered and discarded because of t h e  d i f f i -  

c u l t i e s  t h a t  would.be encountered i n  taking i n to  consideration t h e  flow of 

energy i n to  and out of t h e  region i n  t h e  form of embodied energy and 

because energy budgets would be d i f f i c u l t  t o  enforce. 

The notion t h a t  t h e  regional  and na t iona l  energy supply-distribution 

cons t ra in t s  r e l a t e d  t o  regional  land use be used t o  ac t  a s  res t ra in ing  

influences on regional  development t h a t  i s  wasteful  i n  energy, although 

not amena'ble t o  defining i n  terms of a simple s e t  of indices ,  does .allow 

regions and t h e  federa l  government t o  e s t ab l i sh  some bas i s  f o r  weighing 

t h e  c o s t s  and bene f i t s  of land use act ions .  For example, t he  benefTts of 

allowing zoning which permits higher densi ty  land use may appear as  a 

reduced need f o r  t h e  construction of l o c a l  e l e c t r i c  generating s ta t ions .  

On the other  hand, a decision t o  employ decentral ized .advanced u t i l i t y  

systems requires  t h e  adoption of: c e r t a in  changes i n  current  zoning laws 

with  respect  t o  in terspers ion of land use a c t i v i t i e s .  However, a PlruiLaLion 

i n  using this coupling between land use a c t i v i t i e s  associated with energy 
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supply and d i s t r ibu t ion  and those associated with t h e  generation of 

addi t ional  demands i s  t h a t  no s ing le  region of t h e  country i s  s e l f  su f f i c i en t  

in 'energy. Moreover, it m a y  o r  may not be desi rable  t h a t  they a i m  t o  be 

so. Also, a s  in t h e  case o f t h e  energy budget, t o  be completely e f fec t ive  

such an approach should inciude energy flow accounts i n t o  and out of t h e  

region. Although the r e  i s  no'simple solut ion t o  t h i s  problem, it i s  qu i te  

evident from the systems framework'that some s o r t  of standards must be 

s e t  by federa l  and s t a t e  governments which require  individual  regions and 

communities t o  make land use planning decisions commensurate with producing 

a b e t t e r  balance between energy supply and demand. Otherwise, t he r e  i s  

l i % t l e  incentive on t h e  pa r t  of individual  regions o r  communities t o  

u t i l i z e  t h e i r  land use planning powers t o  reduce energy expenditures. 

Another feature  revealed by t h e  systems framework i s  t h e  decoupling. 

between decision- and policy-making bodies who have t r a d i t i o n a l l y  borne 

primary respons ib i l i ty  f o r  t he  s i t i n g  of  power p lan t s  and r e f i ne r i e s ,  

loca t ion  of transmission l i n e s ,  and pr ic ing  of e l e c t r i c i t y  and t h e  l o c a l  

o f f i c i a l s  and planning groups who a r e  responsible f o r  zoning decisions. 

Moreover, both groups a r e  at t h e  mercy of federa l  agencies who determine 

t h e  supply of primary fue l s  coming i n t o  t h e  region,  s e t  nat ional  p r ices  

f o r  e s sen t i a l  f u e l s ,  and make investments i n  new energy technologies. This. 

fragmented ju r i sd ic t iona l  s i t ua t i on  makes it d i f f i c u l t  t o  formulate in te -  

grated policy s t r a t eg i e s  di rected toward producing land use pa t te rns  which 

a r e  "optimalv fo r  t he  region, t he  s t a t e ,  and t he  nati.on, an.d a l s o  may 

account in some measure fo r  t h e  d i spa r i t y  between t h e  lower energy per  ' 

cap i t a  consumption fourid i n  such countries as Sweden and West Germany 

compared t o  that i n  t h e  United S ta tes .  

I n  formulating t h e  basic  land use-energy u t i l i z a t i o n  re la t ionsh ips ,  

our framework emphasizes t h a t  energy production and use cons t i tu tes  only 

one of numerous contributing fac tors  i n  determining t h e  f i n a l  form o f  land. 

use development. The purpose of land use energy analysis  i s  thus not 

t o  detel-mine energy "optimal" land use configurations,  but t o  assess t he  , 

impact of a var ie ty  of designs and plans on t h e  energy system and vice- 

versa. I n  ce r t a in  cases,  where t he  supply of energy t o  t h e  loca le  i s  



e i t h e r  uncertain o r  i s  associa ted with unwanted r i s k s  o r  environmental 

degradation, t h i s  framework allows t h e  trade-off between a l t e rna t i ve  land 

use arrangements and supply options t o  be compared. I n  other  cases,  where 

t h e  conservation of energy i s  considered t o  be a primary object ive ,  t he  

methodologies can be used t o  e s t ab l i sh  t h e  overa l l  energy budget of t h e .  

region i n  question. In all such cases, it must be impl ic i t ly  assumed t h a t  

area-specific economic, p o l i t i c a l ,  a e s the t i c ,  and soc i a l  elements remain 

t h e  fundamental dr iving forces fo r  land use development. Energy i t s e l f  

i s  seldom the  prime i s sue .  What i s  required i s  an assessment of t h e  energy- 

environ.ment,~S irnp1ic~Ciy~ls of' land use. 

There a r e  ce r t a in  l i d a t i o n s  i n  our framework which a r e  j,rnportant 

t o  note. It i s  not designed t o  be used t o  deal  with communities smaller 

than perhaps several  thousand population,, pa r t i cu l a r l y  when these,cornmuni- 

t i e s  l i e  within a l a r g e r  metropolitan area.  I n  such cases,  t h e  flow of 

energy i n  and out of t h e  region vis-a-vis t h e  movement of goods, services ,  

and people prevents any de ta i l ed  energy analysis  of land use a l t e rna t i ve s  

without a consideration of t he  l a rge r  surrounding area. The methodology 

i s  a l so  of l imi ted  use i n  considering short-term, highly de ta i l ed  questions 

such a s  t he  energy impacts of new apartment complexes o r  i n d u s t r i a l  parks. 

These types of analyses a r e  highly dependent on t he  spec i f ic  type of con- 

s t ruc t i on  o r  i n d u s t r i a l  processes employed. IIowever, the  methods can be 

u t i l i z e d  t o  assess t h e  ove ra l l  impact of such development on regional. 

f u e l  supplies and d i s t r i bu t i on  and t h e i r  compatibil i ty with other  energy 

expenditures in the  community. 

* 
B. Energy In t ens i t y  Factors 

A key fea ture  of t h e  methodology used i n  t h i s  p roe jc t  i s  t h e  adoption 

of t h e  use of energy i n t ens i t y  fac tors  t o  character ize  t h e  energy and 

f i l e1  demnds f o r  d i f f e r en t  land use a c t i v i t i e s  . However, ttuergy demandc 

f o r  c e r t a in  land use a c t i v i t i e s  vary, f o r  example, with ~ l i r u ~ l e ,  with 

energy usage hab i t s ,  with manufacturing processes, and with income grwp.  

Furthermore, t h e  models used t o  evaluate energy demands per  u n i t  of a c t i v i t y  
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l e v e l  can range from t h e  simple "black box" type of representation t o  

e laborate  descr ipt ive  models which account fo r  each separate a c t i v i t y  

making up t h e  composite. 

In t h i s  preliminary s tage of t h e  development of t h e  land use-energy 

equation, we have opted fo r  t h e  black box approach. In t h i s  approach, 

each major sec tor  of land use a c t i v i t i e s  i s  subdivided i n t o  a number of 

d i s t i n c t  categories and t h e i r  energy demands estimated on t he  bas i s  of 

surveys of ex i s t i ng  information and data  sources. The energy demands 

per  u n i t ,  which a r e  t h e  energy i n t ens i t y  f ac to r s ,  thus represent t h e  

averaged energy demands of a s e t  of aggregated a c t i v i t i e s .  The un i t s  

used t o  express t h e  energy i n t ens i t y  fac tor  w i l l  a l so  vary from sec tor  

t o  sector .  For t h e  r e s iden t i a l  sec tor ,  we use dwelling a s  t he  un i t ;  i n  

t h e  commercial sector ,  square footage i s  used; i n  the  i n d u s t r i a l  sec tor ,  

t h e  un i t  i s  e i t h e r  i ndus t r i a l  do l l a r  value-added o r  employees; i n  t he  

t ranspor ta t ion aector ,  vehicle miles t rave led  i s  used. 

Regional d i f ferences  of energy i n t ens i t y  fac tors  i n  t h e  r e s iden t i a l  

and commercial sec tors  which r e l a t e  t o  changes i n  cl imate,  building con- 

s t ruc t ion  a d  average s i z e ,  are  introduced i n t o  t he  energy i n t ens i t y  

fac tors  through t he  use of engineering submodels. Energy i n t ens i t y  fac tors  

i n  t h e  i ndus t r i a l  and t ranspor ta t ion sec tor  represent values based on 

nat ional  averages. Again using t h e  analogy with t h e  environmental-land 

use methodologies, energy i n t ens i t y  fac tors  o r  coef f ic ien t s  p a r a l l e l  t he  

emission fac tors  which characterize po l lu tan t s  generated i n  terms of t h e i r  

quant i ty  and chemical and physical composition per un i t  output of goods 

and/or services  associated with each 1 and use ac t i v i t y .  

It i s  important t o  understand t h a t  i n  attempting t o  capture t he  

e s sen t i a l  energy features  of individual  land use a c t i v i t i e s  i n  a s ing le  

f ac to r ,  we a r e  s t a t i s t i c a l l y  aggregating a s e t  of separate a c t i v i t i e s ,  

each of which consumes energy. In  general ,  t h e  energy consumed w i l l  depend 

on t h ~  physical cnviromenl; i n  which the  energy consumption takes place,  

t h e  l e v e l  of service  o r  goods being produced ac a resulL of t h e  consuming 

a c t i v i t y ,  the processes and devices employed, and f i n a l l y ,  energy wage  

customs of t he  users.  



S t a t i s t i c a l  averages of energy demands o r  energy i n t ens i t y  fac tors  

f o r  individual  land use a c t i v i t i e s  represent area composite mixtures 

of a l l  of these  ingredients .  For example, i n  t h e  case of s ing le  family 

dwellings, they include houses of a var ie ty  of s i z e s  and construction 

types ,  inhabited by famil ies  of d i f f e r en t  s i z e s  and incomes, owning 

d i f f e r en t  types and numbers of appliances and with d i f f e r en t  energy usage 

customs. Similar  var ia t ions  e x i s t  &ong i n d u s t r i a l  users and i n  t he  

t ranspor ta t ion and commercial sector .  

Civen t h i s  v ~ r i a t i o n ,  considerable care  must be taken i n  defining 

and ca l ib ra t ing  energy i n t ens i t y  fac tors  fo r  use in a spec i f ic  region. 

Furthermore, because energy i n t ens i t y  fac tors  represent s t a t i s t i c a l l y  

averaged quan t i t i e s ,  they tend t o  be more accurate i f  applied on a  

regional  r a the r  than a  coxinnunity scale .  It i s  possible t o  systemize 

t h e  ca l ib ra t ion  procedures and.val id i ty  checks. I n  t he  Planners'  Energy 

Workbook, we have a  s e t  of s impl i f ied procedures and worksheets which 

should enable l o c a l  planners t o  make t h e i r  own e.valuations. For example, 

an abs t rac t  of t he  energy demand s t ruc ture  fo r  t h e  r e s iden t i a l  sector  

i s  shown i n  Table I. The energy demand fo r  heating and cooling require- 

ments per degree day i n  t h i s  example r e f l e c t s  standard building prac t ices  

f o r  new construction.  These energy requirements a r e  combined w l t h  region- 

c p a c i f i . ~  heating and cooling season degree-day data ,  which may be taken 

from m a p s  i n  t h e  workbook, t o  e s t ab l i sh  energy i n t enc i t y  fac tors  per 

dwelling u n i t ,  o r  un i t  energy demands. Where s i z e ,  insula t fon require- 

ments, o r  o ther  cha rac t e r i s t i c s  of regional  housing d i f f e r  markedly from 

t h e  standards defined i n  t he  workhook, ca l ib ra t ion  procedures such as  t h a t  

shown in Table I a r e  i den t i f i ed  along with data  sources, graphs, and other 

information necessary t o  carry  out t he  prucedureo* The chnracter  of energy 

demands i n  t h e  i n d u s t r i a l  sec tor  a r e  s imi la r ly  described i n  terms of energy 

i n t ens i t y ,  as i n  Table 11. Cilch enerpby i n t ens i t y  fac tors  a r e  based upon 

t h e  de ta i l ed  study of energy end use demands and f u e l  consumption pat terns  

i n  each sec tor ,  and an i den t i f i c a t i on  of region-specific inputs required 

t o  yTeld t he  se t .  of energy i n t ens i t y  fac tors .  

I n  defining energy i n t ens i t y  f ac to r s ,  we have r e s t r i c t e d  our considera- 



* 
TABLE I 

Space heat  

SAMPLE RESIDENTIAL ENERGY DEMAND 
( ~ t u / " d y  ) 

Single Single 
Family Family 
~ e t  ached Attached Low Ri'se High Rise 
10,300 7,400 5,500 4,000 

A i r  conditioning - cen t ra l  15,500 . . 12,500 8,100 5,500 

- room 6,200 5,000 3,200 2,200 

SAMPLE CALIBRATION 

Nominal Heat Demand (.~tu/Ody ) 
(1300 sq. ft) 10,300 7,400 5 , 500 4,000 

a. Size Coefficient  
(~tu/ 'dy per sq. ft ;) 5.6 

b. Size Increment 
( s q . f t . )  

- - - 
c.  Adjustment ( a  x h) 1120 

Region-specif i c  Heat Demand 11,420 
( ~ t u / O d y )  

(1500 sq. f t . )  

* 
Based upon t a b l e s  i n  The Planners'  Energy Workbook. 



TABLE I1 . 

INDUSTRIAL ENERGY - EMPLOYMENT - LAND USE 

Energy Per Em*loyee Per Energy Per 
Dollar Value Dollar Value Ehployee 

Industry Added Added (Million Energy Per Acre Employee 
Group (~housand Btu/$) (~mp/Mil l .  $VA) Btu/Emp) (Million ~ t u / ~ c r e  ) Per Acrc 

Light 
Industry 10.5 

Medium 
Industry 32 

Mining & 
Met a1 s 72 

Paper & 
Chemicals 129 

Synthetics - 46 - - I6 



t i o n  t o  energy demand generated i n  t h e  normal operat ion of devices employed 

t o  y i e l d  t o  t h e  f i n a l  demand f o r  goods and services .  Not included a r e  t h e  

embodied energy content of ma te r i a l  input  o r  output .  While acknowledging 

t h e  importance of t h e  embodied energy content  of mater ia ls  and devices 

i n  t h e  land use-energy r e l a t i o n s h i p ,  were we t o  have this component, it 

would have v a s t l y  increased t h e  complexity of t h e  ana lys i s  and made it 

unfeas ib le  t o  prepare documentation f o r  allowing planners t o  prepare t h e i r  

own assessments. Moreover, t o  t h e  extent  t h a t  l o c a l  planning choices 

exer t  r e l a t i v e l y  l i t t l e  con t ro l  over t h e  types of mate r i a l  imported i n t o  

o r  u t i l i z e d  i n  t h e  region,  t h e  inc lus ion of such information would be of 

l i t t l e  import t o  l o c a l  l and  use decis ions .  On t h e  o ther  hand, i n  con- 

s ide r ing  t h e  energy t rade-offs  between a l t e r n a t i v e  land use configurat ions 

from a  na t iona l  perspect ive ,  it i s  e s s e n t i a l  t o  include such considerat ions.  

The values est imated f o r  t h e  energy i n t e n s i t y  f a c t o r s  a r e  v a l i d  only 

a s  long a s  they remain r e l a t i v e l y  corlstant throughout t h e  region f o r  a  

s imi la r  land use a c t i v i t y  included i n  t h e  given category. For r e s i d e n t i a l  

and commercial land use a c t i v i t i e s ,  t h i s  appears t o  hold t r u e  f o r  a  

r e l a t i v e l y  l imi ted  subset  of ca tegor ies  within each sec to r .  There i s  

considerably more uncer ta in ty  a t tached t o  t h e  i n d u s t r i a l  and t r anspor ta t ion  

sec to r s .  I n  t h e  i n d u s t r i a l  s e c t o r ,  one attempts t o  c l u s t e r  indust ry  types 

according t o  both t h e i r  t o t a l  energy demands and f u e l  usages. This pro- 

cedure appears t o  be v a l i d  except f o r  t h e  most energy in tens ive  i n d u s t r i e s  

which must be t r e a t e d  on an individual  bas i s .  I n  t h e  t r anspor ta t ion  s e c t o r ,  

we u t i l i z e  a  h e u r i s t i c  approach based on a  combination of l o c a l  and na t iona l  

d a t a  sources which assumes t h e  s p a t i a l  distsibuto50n of land use a c t i v i t i e s  

plays a  dominant ro le .  Except f o r  areas  ly ing  f a r  apar t  from urban 

cen te r s  t h i s  procedure appears t o  give reasonably good values.  We should 

no te ,  however, t h a t  these  kinds of approaches do not apply t o  commercial 

t r a v e l .  Such t r a v e l  i s  much more d i f f i c u l t  t o  capture i n  a  s i n g l e  i n t e n s i t y  

f a c t o r .  

The va l ida t ion  checks on energy i n t e n s i t y  fa.ctoss r equ i re  da ta  t h a t  

i s  s p e c i f i c  t o  t h e  region under examination. Because energy information i s  

normally not included i n  many l o c a l  da ta  sources,  it i s  necessary i n  many 

cases t o  use surrogate measures combined with na t iona l ly  average values t o  



deduce t h e  required information. Although an attempt was made i n  our 

formulation of energy i n t ens i t y  fac tors  t o  c a s t  them i n  terms which 

could u t i l i z e  information normally ava i lab le  t o  t h e  land use planner, 

t h e r e  i s  l i t t l e  doubt t h a t  some f ami l i a r i t y  with t h e  technical  aspects 

of energy analysis  w i l l  be required i n  u t i l i z i n g  t h e  procedures fo r  

assembling a s e t  of l oca l l y  val idated energy i n t ens i t y  fac tors .  Pre- 

sumably, i f  energy considerations become a regular input t o  land use 

planning, b e t t e r  sources of d i r ec t  l o c a l  information w i l l  become avai lable .  
3f 

C . Land Use-Energy Eimulatinn M ~ d e l  

The Land Use-Energy Simulation Model, which we have developed as a 

p a r t  of this study,  i s  an extension of t h e  c l a s s i c  Lowry model. It 

represents a modification of t h e  Lowry model i n  several  important ways. 

The housing, commercial, and i n d u s t r i a l  sectors  a r e  disaggregated i n t o  

subsectors su i t ab l e  fo r  energy demand calcula t ions  by an energy submodel. 

The Lowry algorithm fo r  t he  d i s t r i bu t i on  of r e s iden t i a l  a c t i v i t y  has 

been modified t o  enable consisterll  computation nf work t r i p  pat terns .  

Network algorithms a re  used t o  e s t ab l i sh  i n t e r t r a c t  t r a v e l  times and dis-  

tances.  Such a model framework captures two e s sen t i a l  features  of t he  

land use-energy utilizaBt.i.on in te rac t ion  : 

t h e  s p a t i a l  loca t ion  of land use a c t i v i t y  i s  e x p l i c i t ,  

t rarlsportat ion energy demand i~ d&.ertnlr!ed as an i n t eg ra l  

part  uf thc cpatis.1 configuration.  

The land use-energy simulation model i t s e l f  i s  divided both conceptually 

and computationally i n t o  th ree  p a r t s :  t he  land use model shown by t h e  bold 

l i n e s  i n  Figure 2 ,  a submodel f o r  t ranspor ta t ion which provides the  work 

and shop t r i p  d i s t r i bu t i on  fo r  s p a t i a l  a l loca t ion  of a c t i v i t i e s  within the  

land use submodel, and an energy submodel which determines energy demand 

r e su l t i ng  from t h e  land use c o n f i a ~ r a t i o n .  

Regional growth i n  t he  ~aodc l  is pradicatcd l~pora an i n d u s t r i a l  employ- 

ment base and t h e  ex i s t ing  t ranspor ta t ion in f ras t ruc ture .  Si te-specif ic  

* 
T .. 0.  C a ~ r o l l ,  e t  a1 . , Land Use-.Ehergy .Simula%J on Model, BNL/SUNY 
Report, BNL-50634 
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Figure 2 .  Land u s e  and energy u t i l i z a t i o n  model. 



manufacturing and o the r  indus t ry  dependent upon t h e  i n t e r r e g i o n a l  t rans-  

p o r t a t i o n  network o r  t h e  avai labi1 , i ty  of l o c a l  resources i s  termed "basic" 

indust ry .  A l l  employment loca ted  outs ide  . the region i s  a l s o  considered 

"basic". The region i s  divided i n t o  t r a c t s ,  and f o r  bas ic  ' industry,  t h e  

employment and acreage a r e  spec i f i ed  f o r  .each t r a c t .  Using a t r i p  

d i s t r i b u t i o n  funct ion derived from t h e  t r anspor ta t ion  network, which 

measures preference f o r  t r a v e l  i n  t h e  region,  a  r e s i d e n t i a l  population 

i s  s p a t i a l l y  a l l o c a t e d  cons i s t en t  with i n d u s t r i a l  employment opportunties.  

R c t a i l  and nther  commercial a c t i v i t y ,  such a s  o f f i c e s  and school, measured 

by employment oppor tuni t ies  a r e  a l s o  s p a t i a l l y  d i s t r i b u t e d  using t h e  

c h a r a c t e r i s t i c s  of  t h e  t r anspor ta t ion  network f o r  residential-commercial 

t r a v e l .  Zoning and measures of agglomeration a r e  expressed a s  cons t ra in t s  

upon loca t ion  of a c t i v i t i e s  i n  spec i f i ed  t r a c t s .  The sequence of regional  

development i s  portrayed through appropr ia te  interventiori  i n t o  growth i n  

i n d u s t r i c d  excployment , zoning changes, housing 111ix, and modificat ions i n  

t h e  t r anspor ta t ion  network represents . t ion.  

The model i s  adapted t o  t h e  determination of energy demands i n  .several  

important respects .  The r e s i d e l i t i a l  s e c t o r  i s  disaggregated i n t o  types of 

housine with o l d  and new housing s tocks  f o r  whic'h energy demands d i f f e r  

s i g n i f i c a n t l y .  This f a c i l i t a t e s  examining t h e  impact of t h e  siiigle/multi- 

family housing mTx, wh.ose complexfly is ~*e-preaented i n  r e s i d e n t i a l  zoning- 

employment-travel i n t e r a c t i o n s  i n  t he  s p a t i a l  a l loca t ton  process. R 

l i n e a r  program i s  u t i l i z e d  t o  e s t a b l i s h  t h e  housing Hlix i n  each t r a c t ,  

i n  which t h e  ob jec t ive  function expresses preferences For each type of 

housing i n  t h e  t r a c t  and the c o n s t r a i l ~ t s  r e f l e c t  zon.i.ng r e s t r i c t i d n s  and 

land a v a i l a b i l i t y .  Commercial sec to r  energy i s  s i m i l a r l y  associa ted  with 

d i f f e r e n t  types  of r e t a i l  ac.ti.vity. 1ndustri.a.l. s ec to r  energy i s  determined 

thruugh baoia bdi-  st rial, employment i n  t h e  region. 

T~-auspal-Ldtiurl eiztrgy ic determined d i r e c t l y  i n  t h e  model. Since Ll~e 

a c t u a l  s p a t i a l  a l loca t ion  i s  tempered by .zoning and agglomeration f a c t o r s ,  

t h e  r e s u l t i n g  land use coilfiguration ref l -ec ts  t h e  "constrained preferences' '  

u f  r e s iden t s  ~ 5 t h  respect  t o  t r a v e l .  Actual indus t r i a l - res iden t i a l -  

commercial t r a v e l  assignments by t r a c t ,  trip d i s t r i b u t i o n  f o r  d f f f e r e n t  

purposes, and vehic le  occupancy r a t e s  a r e  u t i l i z e d  i n  t h e  ca lcu la t ion  of 



passenger miles of t r a v e l  and energy consumption. Modal s p l i t  may be 

in tegra ted  i n t o  t h e  model through s p e c i f i c  g r i d  assignments with a l t e rna -  

t i v e  modes of t r anspor ta t ion .  Overal l ,  t h e  s p a t i a l  land use configurat ion 

both determines and i s  determined by t h e  t r anspor ta t ion  network s o  t h a t  

t r a v e l  pa t t e rns  and associa ted  energy demand a r e  e x p l i c i t .  

The model was c a l i b r a t e d  and t e s t e d  on t h e  Nassau-Suffolk region 

wi th  o v e r a l l  r e s u l t s  s i m i l a r  t o  those described l a t e r  i n  t h e  repor t  which 

were based upon The Planners1 Energy Workbook. The computer model proves 

most valuable i n  i t s  c a p a b i l i t y  t o  e a s i l y  simulate a  v a r i e t y  of zoning 

changes and o the r  land use decisions along with t h e i r  energy implicat ions.  

In t h i s  app l i ca t ion ,  a  broad range of  s p a t i a l  land use pa t t e rns  can be 

sif'ted t o  i d e n t i f y  those  most compatible with energy and o the r  regional  

development concerns. Also, t h e  model i s  p a r t i c u l a r l y  use fu l  i n  exploring 

t h e  t r anspor ta t ion  requirements and energy consumption f o r  work, shopping, 

and o the r  purposes associa ted  with a l t e r n a t i v e  land use pa t t e rns .  

3C 
D. The Planners1 Energy Workbook 

This workbook was designed t o  present  a  s t ra ight forward s e t  of ca l -  

c u l a t i o n a l  procedures and worksheets which community planners and designers 

can use t o  ca r ry  out t h e i r  own evaluat ion of  a l t e r n a t i v e  land use planning 

and design programs. It descr ibes  t h e  s t r u c t u r e  of t h e  methodology f o r  

r e l a t i n g  energy u t i l i z a t i o n  t o  land use a c t i v i t y  l e v e l s  and configurat ions 

f o r  each major end-use se'ctor.  These a r e  expressed i n  terms r e l a t e d  t o  

such f a c t o r s  a s  l o c a l  c l imate ,  i n d u s t r i a l  employment, d is tance  from urban 

core ,  and f u e l  type  f o r  end use devices e x i s t i n g  i n  t h e  home. An i n t e -  

g ra t ing  wnrkshoet forma-l; i s  provided t o  s impl i fy  ' the use of energy-land 

use design c r i t e r i a  and t o  es t imate  energy consumption p r o f i l e s  f o r  t h e  

a r e a  i n  quest ion.  Examples a r e  provided t o  i l l u s t r a t e  t h e  t rade-offs  

i n  terms of a l t e r n a t i v e  uses of land i n  both urban and suburban s e t t i n g s .  

The procedures used i n  The Planners1 Energy Workbook w ~ r e  chooen - noL Lu 

require  t n e  use of  computers. 

* 
T. 0 : Carro l l ,  e t  a l .  , The Planners ' Energy Workbook, BNL/SUNY Report. 
BNL 50633 



The s t a r t i n g  point  f o r  t h e  analysis  in t h e  workbook i s  a s e t  of 

land use a c t i v i t i e s  which consis t  of a def in i t ion  of t h e i r  end use mix 

and s p a t i a l  d i s t r i bu t i on  f o r  t h e  area under consideration. This may b e .  

obtained from a design o r  plan being considered, an extrapolation of 

current  t rends ,  o r  the. use of a s e t  of preferred outcomes. 

Using energy i n t ens i t y  fac tors  which a r e  based on area-wide average 

values and t h e  assumed presence of spec i f i c  end use energy technologies 

f o r  space heating,  i n d u s t r i a l  processes, t r anspor ta t ion  vehic les ,  e t c . ,  

the s e t  of projected land use a c t i v i t i e s  a r e  converted i n t o  a s e t  of 

energy demands, some of which a r e  converleil tc, apccif ic  fi~e.ls. 

.The descr ipt ion of t h e  community o r  regional  energy system which 

i s  coupled, loose ly  a t  times, t o  energy demands cons i s t s  of a projected 

s e t  of energy capac i t i es  and f u e l  requirements, conversion f a c i l i t i e s ,  

f ue l  d i s t r i bu t i on  and del ivery systems, and f f  appl icable ,  import 

accommodations. It a l so  contains a descr ipt ion of t h e  spec i f ic  energy supply 

technologies employed. Final ly ,  it documents t h e  f u e l  imports i n t o  t he  

region which represents i n  essence t h e  loading on t h e  ex te rna l  energy 

system. 

The i n i t i a l  s t ep  i n  u t i l i z i n g  t h e  proced~ires and data  described 

i n  t h i s  workbook i s  t o  prepare a bas ic  s e t  otb energy. and land use da.ta 

and information applicable t o  t h e  area  under consideration. Aside from 

the ' l o c a l  input on projected land u3c a c t i v i t i e s  and supply-distrj.bl]tion 

descr ip tors ,  all t h e  other  t echn ica l  coeff ic1en. t~  needed t o  8asembI.e t,h.i.s 

da t a  base a r e  proGided i n  t h e  workbook i n  t h e  form of t a b l e s ,  graphs, 

and char ts .  For example, in .the abs t r ac t s  from m e  .Plannersv Energy 

Workbook shown i n  Table 111, t h e  land use piannei need i n i t i a l l y  supply 

only t h e  "land use a c t f ~ i t y "  data, whish is normally contained i n  l o c a l  

land use plans and published census data.  Region-specific degree-day 
. . 

da ta  for huatiilg nnd coolS,ng seasons, e f f i c i enc i e s  of e n e r a  end use 

devices and equipment, and other  information t o  carry  through the analysis  

i s  found within the workbook i t s e l f .  In ce r ta in  cases,  where ve r i f i c a t i on  

o,f t h e  technical  coef f ic ien t s  i s  judged t o  be necessary, procedures a r e  

described fo r  carrying t h i s  out .  0,nce t h i s  basic data' and ififormation 



TABLE I11 

1972 Nassau-Suffolk 
RESIDeKFIAL m E W Y  WORKSHEET 
( *a '  - number of dwelling units) 

mRGY D W D  F U a  CONSUMPTION 

Land Total Unit Land Total Unit 

! 
b F b F 

€" ' W a n d  €" b 
thousand bus a ~d 

I 
t h m d  thomu I 

Single Family 
Detached 

119 14.13 118 496 59.8 62 , 13 0.8 
spacehest 5500 14.0 77.0 
air cold. - 500 . . 50 0.2 
central 22.0 11.3 
room 

4 8 0.1 

All Units 

water heat 
range 
eleczri: eppl. - 15.7 

I 

N 
86.8 

Note: Energy Demard of Consumption in lo1' nt8tyr. 
( 2  21.8 1.03 million etu/yr Btu/Hcf) (; 80.7 140 thousand stu/yr Btu/cal) ( 2  3412 ~ t u / ~ w h )  

20.1 stu/y, 

Unit Energy Demand of Consumption in 13 ~ t u / y r  per dwelling unit. 
2i.i nil. *f 

576 nil .Gallons - Kuh 
I 

5883 million ~ v h  

1972 Nassau-Suffolk 

*From the Planners' Energy Workbook. 

un~t mtil mt.1 
elect. P.... e~cstr~s 

(mu,+as.. ~clnrnd mi. consunp. (otulyr) 
r;'.' b . P 

dun 

nhlclo Vehls?. Unlt 
Lnerqy f ~ ~ c u p a r . y  Ensrql  land Us. trip, Ually Averope Annual Total Unlt ~ot.1 mt.1 
wu-4 ~ e t o  Denvnd ~ s t ~ v ~ t y  per household E;::ng" pa*.. 011 

(ntu/veh.mIl (8tulpasa.ml.l I (no.hounehold1 1.364 dayel (stu/yrl (atu/psas.ml.) *I. (~tulyrl c~nnwnp. 
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millim thousands 

Trlp PurpoaelKsda 

YO> 
Auto 1840 1.4 , 767.6 131b 2.54 1.90 
BW (630 10. 130 ! 
Rall/dle.ol 53100 40. 1330 

2055 96.84 sru/yr .99 stu/yr 

Nore: Energy Demsnd o f  Consumption in lo1' gtutyr. 
11140 thou~and Btu/Call (73412 stu/xrh) 

Gal lo". Krh 

692 mi!#fggn 290 million Kwh 

L I( 8 E 

12.7 

5.4 

9.9 '  

al~ctrl~ 18100 40. 430 

-A"C~ 1840 1.4 1110 
310 BV. lo50 21. 

alh.. 
1150 

747.6 2.20 1.64 

747.6 2.64 1.82 Auto 1840 I .6 
sum 1050 13. 310 

.60 6.9s 
6600 5200 3G.70 
1150 

.10 

.os . 5 8 '  - 219) .99 

.25 .99 

1.00 4.27 

1.00 756 
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base has been es tabl ished,  t h e  user can then begin t o  evaluate t h e  impacts 

of  e i t h e r  land use development on t h e  energy system o r  t h e  reverse. In  

a c t u a l  p rac t ice ,  t h e  l e v e l  of d e t a i l  needed t o  assess  these  impacts w i l l  

depend on t h e  spec i f ic  application.  

There a r e  several  types of problems and concerns t h a t  may be address- 

ed by t h e  framework and data  base described i n  t h e  workbook. 

1. Developing Guidelines fo r  Energy-Efficient Land Use Development. 

An increasing number of communities i n  t h e  country a r e  now ac- 

knowledging t h a t  they require  guidelines t o  insure  t h a t  t h e  re- 

maining developable land within t h e i r  j u r i s d i c t i u ~ l  i s  u t i l i z e d  

i n  a manner t h a t  coincides with community preferences and i n t e r e s t s .  

One contr ibut ing fac tor  t o  formulating such guidelines i s  t h e  

e f f i c i e n t  use of energy i n  t h e  management of community resources. 

Communities o r  regions may wish t o  explore t h e  energy use 

pa t te rns  associa ted with a  var ie ty  of poss ible  development 

scenarios. 

2. Evaluating U t i l i t y  Demand Projections on t h e  Basis of Expected 

Trends i n  Community Land Use Development o r  Proposed Land Use 

Plans : . . 
Cit izen and consumer par t i c ipa t ion  in t h e  @laming  fo r  ut.il.ity 

s i t i n g  of new e l e c t r i c  generatine s t a t i ons  has increased sub- 

s t a n t i a l l y  over the past  several  yca.rs. A s i gn i f ' i amt  p~.rt. of 

t h e  dialogue between u t i l i t y  and Contiuei' rcpr.esentnt.i vss canters 

on the  in te rp lay  between t he  project ions  f o r  e l e c t r i c a l  demand 

and fu ture  community growth and dcvel.ogment. Because of t h e  

cen t r a l  r o l e  t h a t  both energy and t h e  use of land play i n  t he  

lYfe of t h e  commurlity an analyt.jca.1. t o o l  fo r  e x q i n i n g  t he  trade- 

o f f s  between t he  two provides a  userul  s t ruc ture  on which t o  base 

thwse d i n c u ~ s i ~ n s .  Thus, planning boards and/or u l i l i t i c 3  may 

wish t o  evaluate u t i l i t y  demand project ions  on t h e  Gasis of' ex- 

pected t rends  i n  land use development or  spec i f i c a l l y  proposed 

land use plans. 



U t i l i t y  demand projections have t r a d i t i o n a l l y  not  been based on 

demands derived from land use a c t i v i t y  projections.  On t h e  other 

hand, they usually contain a great  deal  of region-specific data  on 

such things  a s  appliance sa tu ra t ion ,  seasonal use of e l e c t r i c a l  

space conditioning devices, and t h e  e l e c t r i c a l  demands due t o  

l o c a l  manufacturing processes. They a r e  a l so  more s ens i t i ve  t o  

economic fac tors  which contr ibute  t o  t h e  f i n a l  demand. Com- 

bining land use input with t h e  t r a d i t i o n a l  ba s i s  f o r  e l e c t r i c a l  

demand projections provides both a broader data  base and a 

useful  format fo r  coupling these  demands with a community's 

preference with respect  t o  i t s  fu tu re  development. If access 

i s  avai lable  t o  l o c a l  u t i l i t y  da ta ,  t h e  energy i n t ens i t y  co- 

e f f i c i e n t s  can be ref ined and val idated i n  a more precise  fashion. 

One can a l so  include both t h e  influence of developing energy 

end-use technologies, f u e l  subs t i tu t ion  p o s s i b i l i t i e s ,  and p r i ce  

e l a s t i c i t i e s  t o  improve t h e  est imation of f u e l  requirements. 

3. Responding t o  Federal and S t a t e  Energy Legislat ion and Directives 

and Assessing t h e i r  Land-Use Implications: 

The Federal Energy Conservation Act of 1976 s t i pu l a t e s  t h a t  s t a t e s  

must formulate plans f o r  spec i f i c  act ions  together with supporting 

data  bases fo r  reducing t h e  demand on scarce, f ue l  supplies.  

Implementation of t h i s  and other federa l  l eg i s l a t i on  w i l l  take  

a number of forms. Some s t a t e s  a r e  considering t h e  enactment 

of l eg i s l a t i on  which w i l l  require  l o c a l  communities t o  compile 

t h e i r  current  and projected energy expenditure in order t o  

ascer ta in  spec i f ic  measures which can reduce energy consumption. 

Others a re  i n  t he  process of reviewing highway construction 

plans and mass t r a n s i t  subsidies t o  take account of t h e i r  energy 

impl.ications . Building code revis ions  and t a x  abatement t o  en- 

courage Lhe use of new construction mater ia ls ,  i n s t a l l a t i o n  of 

so l a r  heating and cooling, and r e t r o f i t i n g  of  ex i s t fng  homes 

have been passed. Some of these  s t a t e  and federa l  energy con- 

servation measures w i l l  require  spec i f ic  responses on t h e  par t  



of l o c a l  governments and municipal i t ies .  Others w i l l  have 

long term impacts on l o c a l  land use development pat terns .  

The community o r  regional  planning board, o r  o f f i c i a t i n g  

body, may wish t o  e i t he r  s e t  up a data  base t o  monitor 

community o r  regional  energy consumption pa t te rns ,  assess 

t h e  l i k e l y  impacts of spec i f i c  s t a t e  and federa l  ac t ions ,  

o r  t o  respond t o  spec i f ic  d i rec t ives  by 'appropriate s t a t e  

agencies. While t h e  de ta i l ed  approach used i n  each of 

Lhese i l l u o t r a t i v e  sreas w i l l  vary,  t h e  procedures and 

information base described i n  t h i s  workbook o f f e r  l o c a l  

planners a s t a r t i n g  point  fo r  t h e i r  study. For example, i f  

scenarios f o r  fu tu re  development can be documented i n  terms 

of even a crude approximation of t h e i r  implied land use mixes 

and s p a t t a l  arrangement, energy i n t ens i t y  coef f ic ien t s  cal- * 

culated f o r  l o c a l  conditi.ons and the  worksheets can 'be used 

t o  e s t i k t e  t h e i r  eBergy u d  f u e l  budgets and cor re la te  them, 

with zoning po l ic ies  i n  t he  r e s i d e n t i a l ,  commercial, and.in- 

d u s t r i a l  s ec to r s  and t h e  resu l t ing  implications for .energy 

necdo i n  the t.ransgortation sector .  

Although t h e  use of t h e  workbook f o r  responding t o  federa l  

and o t a t e  policy 1s dependent on t h e  sperai t'ic policy and/or 

ac t ion ,  i n  general  one musL &-ument, t.ha agproa.ches outl ined 

above with those  used i n  analyzing impacts i n  t h e  individual  

land use sec tors ,  i f  t h e  desired outcome i s  a de ta i l ed  response 

u r  - h r t ~ . ~ B  cvcduat i~~n - For example, analys is  nf building code 

m'~rd~f ic~. t , ion8,  r e t r o f i t  measures, o r  use of so la r  technologies 

w i l l  require  t h e  use of  engineering and' a r ch i t ec tu r a l  models 

s ens i t i ve  t o  energy use factors .  Po l ic ies  and 1egislatI .on 

or iented toward highway mass t r a n s i t  will require transporta.ti..nn 

and economic models t h a t  deal  with consumer choices. I n  many 

cases ,  however, a broad energy overview i s  desi red e i t h e r  as  a 

s t a r t i n g  point f o r  a more extens~ve de ta i l ed  analysis  o r  as  a 



means of s a t i s fy ing  s t a t e  and federa l  information requirement's. 

In  such cases,  t h e  workbook procedures out l ined here would 

probably be su f f i c i en t  . 
. . * 

E. EnergyAssessment of LandUse Development Plans 

. . A s  noted i n  t h e  discussion of t h e  systems approach e a r l i e r ,  t he  

primary purpose of t h e  land use-energy u t i l i z a t i o n  study i s  t h e  develop- 

ment and t e s t i n g  of t h e  systems framework, methodologies, and support 

bases of data and information f o r  evaluating energy impacts of land use 

development. The work has not been di rected toward t h e  determination of 

energy "optimal" land .use, but ra ther  techniques fo r  assessing t h e  energy 

implications of ex i s t i ng  o r  proposed land use plans and community designs. 

The Long Is land Nassau-Suffolk region was a t e s t i n g  ground,for t he  

methods and concepts being developed, which was d ic ta ted  i n  par t  by 

t h e  acces s ib i l i t y  of da ta  and information r e l a t ed  t o  ex i s t ing  land use, 

development, a h i s to ry  of rapid  growth, t he  existence of a , l a r g e  un- 

developed area ,  and t he  presence 0 f . a  r e l a t i v e l y  de ta i l ed  master plan. 

That plan summarizes both t h e  regional  development goals and expectations 

with respect  t o  regional  growth, and the  preferences of t h e  l o c a l  planning 

boards with regard t o  t h e  major s p a t i a l  a l loca t ions  of land use and 

mix of i n h s t r i e s  which a r e  basic inputs t o  t h e  systems framework. 

The current  population of t he  Nassau-Suffolk region i s  approximate'iy 

2,500,000 with a fur ther  population increase of 1,500,000 expected by 

t h e  year 2000. The region now contains a mix of areas  of high population 

density c lose  t o  New York City and semi-rural areas  i n  t he  eas tern  t i p  

of b n g  Is landi  It i s  t h i s  eas tern  sector  of t h e  region t h a t  i s  current ly  

undergoing a major change in t h e  pa t te rn  of i t s  land use development. 

Areas t h a t  were once e n t i r e l y  ag r i cu l t u r a l  a r e  being taken over by housing 

developments, shopp5.ng cen te rs ,  and i ndus t r i a l  parks. A t  present ,  t h e  

overa l l  pa t te rn  of land use i n  t h e  Nassau-Suffolk region consis ts  of 

mostly detached single-family homes with a var ie ty  of r e t a i l ' t y p e s ,  o f f i c e s ,  

. . * 
T .O. Carrol l ,  e t  al. , The Planners Energy Workbook, BNL/SUNY. Report, 
BNL 50633 



and i n d u s t r i a l  parks s ca t t e r ed  along major highways and interconnecting 

roads. With current  r e s iden t i a l ,  commercial, and i ndus t r i a l  s i t e s  so 

t h i n l y  in terspersed and no basic  system of public t ranspor ta t ion,  t h e  

p r iva t e  automobile f o m s ' a n  e s s e n t i a l  pa r t  of t h e  "Long Island" l i f e -  

s t y l e .  

Although t h e  r e s u l t s  obtained i n  t h i s  .analysis  a r e  spec i f ic  t o  t h i s  

region,  they can have s ign i f ican t  implications fo r  t h e  country a s  a whole, 

f o r  i n  a very r e a l  sense, t h e  changing character  of land use pa t te rns  

rap id ly  taking place i n  t h e  Nassau-Suffolk region i s  t y p i c a l  of t h a t  

found in many similar regions of t h e  country c lose  Lu iuajar urban cen te rs ,  

I n  one respect ,  however, t h e  region may be highly unusual. Considerable 

time and e f f o r t  has been expended i n  s tud ies  intended t o  examine t h e  a l -  

t e rna t i ve s  f o r  fu tu re  economic development i n  t h e  area ,  i t s  projected 

employment and occupational mlx, t h e  use of clustered housing, i n d u s t r i a l  

and .commercial a c t i v i t i e s .  Furthermore., pub1i.c o f f i c i a l s  i n  t hc s  a rea  have 

demonstrated a wil l ingness t o  consider t h e  in terspers ion of high and low 

densi ty  land uses. These documented goals and preferences a r e  r e f l ec t ed  * 
in t h e  bi-county master plan. 

Not only does Nassau-Suffolk resemble many regions of t h e  country i n  

i t s  current  pa t te rn  of growth and land use develspmcnt, it i s  a l sn  t,ypical 

n f  many energy importing sect ions  of t h e  country. Natural gas used i n  t h e  

region i s  derived moatly from domestic s u u c c s  delivered t o  t h e  region by 

t rans-continental  p ipel ines .  Recently, as domwlic sources o f  gas have 

become more r e s t r i c t e d ,  increased a t t en t i on  has turned t o  t h e  construction 

of storage f a c i l i t i e s  on t h e  i s land  f o r  LNG. Imported o i l  from non-domestic 

sources i s  t h e  primary f u e l  used i n  t h e  region. Because of environmental 

considerations m d  past  regional  preferences,  coal  u t i l i z a t i o n  i n  t h e  region 

has remained small. Essen t ia l ly  a l l  t h e  e l e c t r i c i t y  supplied t o  t h e  Nassau- 

Suffolk region i s  produced by a s ing le  u t i l i t y  with a l l  iLs e l e c t r i c  genera.- 

* 
We a r e  indebted .Lo t h e  s t a f f  of t he  Na.ssau-Suffolk Regional Planning 
Commission and t h e  Nassau and Suffolk County Planning Boards fo r  t h e i r  
time and e f f o r t s  spent i n  famil iar iz ing us with t h e  r e s u l t s  and analysis  
t ha t  went i n t o  producing t h e  master plan. We a r e  espec t ia l ly  thankful 
t o  D r .  Lee Koppelman f o r  t h e  i n t e r e s t  he has shown i n  our study. 



ing f a c i l i t i e s  located on t he  island.  Nuclear-fueled e l e c t r i c i t y  i s  due 

t o  become a major source of t h e  region's  e l e c t r i c  supply over t h e  next 

decade. The scheduled construction of new reac tors ,  new o i l  and LNG 

storage f a c i l i t i e s ,  and new transmission l i n e s  i n  t h e  Nassau-Suffolk 

region has produced a climate i n  which energy conservation i s  viewed as  

a means of reducing some of t h e  dele ter ious  s ide-effects  of increasing 

t h e  capaci t ies  of t h e  region 's  energy supply-distribution system. 

Two a l t e rna t i ve  scenarios describe t h e  po t en t i a l  pa t te rns  of fu tu re  

land use development i n  the  Nassau-Suffolk region through t h e  year 2000. 

The projected values fo r  t he  basic  regional  development parameters a r e  

t h e  same fo r  both scenarios,  however t h e  projected s p a t i a l  pa t te rn  of 

development i s  qu i te  d i f fe ren t .  A "Continuation of Urban Sprawl'' (US) 

scenario assumes t h e  continuation of ex i s t i ng  regional  pa t te rns  of land 

use development. More spec i f i c a l l y ,  t h i s  means a continuing predominance 

of single-family detached housing. We assume t h e  s p a t i a l  pa t te rn  of 

development of commercial floorspace w i l l  correspond t o  what has occurred 

i n  t h e  pas t ;  t h a t  i s ,  it i s  widely dispersed along primary and secondary 

roads. New road construction i s  assumed t o  develop i n  t h e  quasi-random 

pa t te rn  of  pas t  years.  

A "Corridors, Clusters and Centers" ( C C C )  scenario i s  based on t h e  

design fo r  new area  development published i n  t h e  1985 master plan by t h e  

Nassau-Suffolk Regional Planning Commission. Future development i s  seen 

as occurring primarily i n  t he  undeveloped eas tern  port ion of Long I s land  

where it w i l l  be confined fo r  t h e  most p a r t  t o  c lus tered r e s i d e n t i a l  

neighborhoods and medium and la rge  multi-use centers  which w i l l  provide 

t h e  se rv ice ,  commercial, t ranspor ta t ion,  education, heal th ,  r ec rea t ion ,  

and some of t h e  employment needs of t h e  region's  inhabi tants .  In  order 

t o  preserve t he  a t t r a c t i v e  coas ta l  areas  of t h i s  region f o r  rec rea t iona l  

purposes, major t r a n s i t  corridors a r e  r e s t r i c t e d  t o  t h e  center  spine of 

t h e  Is land.  The basic  locat ion of t h e  cor r idors ,  cluatcr3,csnd centers  

which w i l l  serve t he  needs of t h e  projected population i n  t h e  newly de- 

veloped areas  of t h e  Nassau-Suffolk region a r e  s e t  down i n  t h e  regional  

master plan. The plan a l so  spec i f ies  t he  approximte s i z e  of t h e  

c lu s t e r s  and centers  and mix of a c t i v i t i e s .  For t h e  r e s iden t i a l  sec tor ,  



t h i s  places a r e s t r i c t i o n  on both t h e  number and t h e  l o c a t i o n  of  s i n g l e  

family detached dwellings. New const ruct ion of t h e  o the r  dwelling types 

f a l l s  i n t o  o the r  r e s i d e n t i a l  ca tegor ies  -- single-family a t tached,  low 

r i s e  and high-rise apartments -- loca ted  i n  t h e  designated cen te r s  and 

c l u s t e r s .  With respect  t o  t h e  commercial s e c t o r ,  t h e  major d i f fe rence  

i s  t h e  s h i f t  of r e t a i l  commercial f loorspace development t o  malls located  

i n  o r  near t h e  cen te r s  and c l u s t e r s .  The presence of projec ted  centers  

and c l u s t e r s  i n  t h i s  scenar io  1 e a d s . t o  increased use of mass t r anspor ta t ion  

and t o  changes i n  t h e  t o t a l  veh ic le  miles t r a v e l e d  brought about by t h e  

g r e a t e r  densi ty  .of  l and  use a c t i v i t i e s .  

The p a t t e r n s . o f  energy consumption f o r  t h e  two a l t e r n a t i v e  s p a t i a l  

p a t t e r n s  of f'uture land use a r e  shown i n  Table I V .  Although such an ana lys i s  

r e f l e c t s  only projec ted ,  or  p o t e n t i a l  energy s h i f t s  and should be considered 

t e n t a t i v e ,  some i n t e r e s t i n g  conclusions can be drawn. One might observe f i r s t  

of a l l  t h a t  t h e  t o t a l  f u e l  savings between the  US and CCC scenar ios ,  namely 

39.1 x 1012 Btu, r epresen t s  some 8% of the  t o t a l  2000 demand. The importance 

of t h a t  savings i s  augmented by t h e  f a c t  t h a t  most of it w i l l  a c t  t o  reduce 

t h e  imported f r a c t i o n  of o i l  supply. That savings,  furthermore, w i l l  be 

immense beyond t h e  year 2000 a s  t h e  l and  use p a t t e r n  i n  exis tence  a t  t h e  

beginning of t h e  planning period has l e s s  and l e s s  influence upon t o t a l  demand. 

Not unexpectedly, it i s  t h e  t r anspor ta t ion  sec to r  i n  which t h e r e  i s  t h e  

l a r g e s t  change i n  energy consumption.between t h e  sprawl and CCC scenar ios ,  

an impress2ve 52%. Thls energy savings r e s u l t s  pr imar i ly  from decreases 

i n  t h e  average t r i p  1 e n g t h . f ~ r  work purposes associated with increas ing 

employment oppor tuni t ies  i n  t h e  developing cen te r s  and some reduct ion i n  

shopping dis tances .  Though. some s h i f t s  t m r d  mass t r a n s i t  a r e  envisioned, 

t h i s  con t r ibu tes  r e l a t i v e l y  l i t t l e  t o  reduced energy need fo r  t h e  p r i v a t e  

t r a n s p o r t a t i o n  sec to r  a s  a  whole. In  addi t ion  t o  t h a t  savings due t o  

changes i n  t h e  2000. s p a t i a l  l and  use p a t t e r n ,  th.ere i s  an even l a r g e r  savings 
1 2  77 x 10. Btu, r e s u l t i n g  from improvements i n  miles per  gallon.. To f i r s t  

o rde r ,  these  two e f f e c t s  a r e  independent and a r e  considered so  i n  t h e  

scenarios."  Their combined s t reng th  i s  such t h a t  t h e  t o t a l  t r anspor ta t ion  
* 

They a r e  interdependent only t o  t h e  degree t h a t  lower costs '  of auto- 
mobile t r a v e l ,  produced by improved mileage, reduces t h e  incent ives  
t o  c r e a t e  a CCC type  o f  l and  use configurat ion.  
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! T a b l e  IV 

FUEL USEa I N  1012  Btu 

2000 
Usd i n  2000 Due To I n c r e m e n t a l  F u e l  U s e  i n  P e r c e n t  % o f  T o t a l  

S e c t o r  1972 p o p n i a t i o n  Urban Sprawl  CCC D i f f e r e n c e  D i f f e r e n c e  D i f f e r e n c e  

R e s i d e n t i a l  1 1 3  78.4 66.9 1 1 . 5  1 5  1 5  

Commercial  87 .1  63.9 56.5  7.4 1 2  . 1 9  

I 
I n d u s t r i a l  20.7 5 .5  3 .6  1 . 9  3  4 5 

W 
cn: T r a n s p o r t a t i o n  

b 
60.5 . . . . 

! 

T o t a l  281. 3 

T o t a l  U s e  , i n  2000 . 

a 
i n c l u d e s  e l e c t r i c i t y  a t  3413 Btu  p e r  Kwh 

' f u e l  i n  2000 t e  p r o v i d e  t h e  number  o f  v e h i c l e  m i l e s  o f  t r a v e l  u s e d  i n .  1972 



energy consumption i n  2000 i n  the  CCC scenar io  i s  only 65% of t h e  con- 

sumption i n  1972 although t h e  population has r i s e n  by 65%. 

The d i f fe rences  i n  r e s i d e n t i a l  and commercial energy use associa ted  

with t h e  t r ends  toward a t tached housing and multi-purpose mall  develop- 

ment, r e spec t ive ly ,  between t h e  two scenarios a r e  very s i m i l a r  a t 1 5 %  and 

12%. Although t h e  percentage changes a r e  f a i r l y  s m a l l  compared t o  t h e  

52% e f f e c t  i n  t h e  t r anspor ta t ion  s e c t o r ,  t h e  absolute  magnitude of those  

s e c t o r s  results i n  these  changes represent ing a r e l a t i v e l y  l a r g e  f r a c t i o n  

toge the r  about h a l f ,  of the  aggregate d i f ference  i n  energy consmption 

between scenarios.  

Thus, present  planning p r a c t i c e s  and design philosophies u t i l i z e d  

i n  t h e  preparat ion of a r e a  land use plans i n  a region such a s  Long I s l and  

suggest t h a t  t o t a l  incremental energy consumption can be reduced by 

15-25% by a l t e r e d  p a t t e r n s  of growth. While t h e  l a r g e s t  percentage 

di f ferences  may appear i n  t h e  t r anspor ta t ion  s e c t o r ,  l a r g e r  absolute  

savings may r e s u l t  from d i f f e r e n t  r e s i d e n t i a l  and commercial construction 

p a t t e r n s  assoc ia ted  with more c lus te red  development. To t h e  degree 

t o  which savings i n  petroleum a r e  more important than savings i n  okhelt 

f u e l s ,  t h e  t r anspor ta t ion  s e c t o r ,  essent ia l ly .couple te ly  dependent on o i l ,  

becomes more prominent. 

I n  an e fPor t  t o  develop a b e t t e r  understanding of t h e  o r i g i n s  of 

energy s h i f t s  associa ted  Wfth t h e  s p a t i a l  pa t tern  sf land uae both i n  the  

Long I s l and  region and i n  genera l ,  t h e  land use-energy simulat ion model 

w a s  c a l i b r a t e d  and run f o r  t h e  Nassau-Suffolk comprehensive plan a s  wel l  

a s  f o r  a number of hypothet ica l  development a l t e r n a t i v e s  represen ta t ive  

of p o t e n t i a l  land use growth. The r e s u l t s ,  while suggestive of generic 

l and  use-energy u t i l i z a t i o n  r e l a t i o n s h i p s ,  i n d i c a t e  t h e  need f o r  f u r t h e r  

s tuay  with t h e  model. For example, t h e  trade-off  between work and shopping 

vehicle-miles i n  t h e  region i s  somewhat complex. Area development 

m.,t,h cen t ra l i zed  employment l eads  t o  work t r i p s  which a r e  long,  whereas 

shop t r i p s  remain shor t .  For dispersed employuent, where a c e n t r a l  region 

of  high bas ic  i n d u s t r i a l  employment i s  surrounded by s i g n i f i c a n t  l e v e l s  

o f  d ispersed suburban employment, t h e  work t r i p  l eng th  becomes l e s s ,  but  



s'rop t r i p s  become longer. Such . sh i f t s  i n  t r i p  lengths and associated 

t ranspor ta t ion energy requirements r e s u l t  from r e s iden t i a l  zoning and 

commercial agglomeration considerat ions .  ,That i s  lower population 

dens i t i e s  cannot support commercial development a t  more than a l imi ted  

number of s i t e s .  Overall ,  t he  last. t o t a l  vehicle miles per household 

occurs fo r  t he  case of some modest suburban,employment. A t  present ,  

it is  d i f f i c u l t  t o  summarize such analyses i n t o  s impl i f ied planning 

design considerations. Additional exploration with t h e  computer model 

and f i e l d  s tud ies  i n  a var ie ty  of communities using The Planners'  Energy 

Workbook and other  data  and information prepared i n  t h i s  study w i l l  be 

required t o  c l a r i f y  t he  magnitude and d i rec t ion  of land use and energy 

u t i l i z a t i o n  re la t ionships .  
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IV. FUTURE DIRECTIONS FOR LAND USE-ENERGY 
UTILIZATION EFFORTS 

It i s  evident from our discussions t h a t  a s  an a rea  of invest igat ion 

and research,  much remains t o  be done t o  e luc ida te  t he  complicated i n t e r -  

dependencies between land use and energy u t i l i z a t i o n .  What we have 

accomplished i s  an i n i t i a l  s t ruc tur ing  of t h e  problem. On t h e  other  

hand, t h e  recent increase i n  i n t e r e s t  i n  es tab l i sh ing  new ways f o r  t h e  

United S ta tes  t o  achieve energy conservation suggests t h a t  ac t ions  w i l l  
, 

be taken i n  t he  near fu tu re  t o  t i e  land use development t o  na t iona l  and 

l o c a l  t a r g e t s  f o r  conservation. In  what follows, we suggest a combination 

of research,  data  co l lec t ion ,  demonstration, and policy-related e f f o r t s  

aimed at both increasing our understanding of t h e  land use-energy equation 

and a t  e f fec t ing  changes i n  current  land use planning prac t ices .  

A. Land Use-Energy Analysis Demonstrations 

.For a var ie ty  of reasons, only some of which a r e  r e l a t ed  t o  energy, 

a number of regions and communities i n  t he  country have indicated i n t e r e s t  

i n  incorporating energy analysis  i n t o  t h e i r  planning e f f o r t s .  Ef for t s  t o  

a i d  these  areas i n  u t i l i z i n g  t h e  methodologies out l ined i n  t h i s  repor t  

t o  char t  t h e  fu ture  course of t h e i r  development would have obvious benef i ts  

t o  federa l  energy programs. I n  addi t ion t o  ac t ing  a s  l abora tor ies  fo r  

re f in ing  t he  ana ly t ica l  methodologies, such a c t i v i t i e s  would help t o  

convince planners i n  other  p a r t s  of t h e  country t o  adopt energy planning 

t o o l s  f o r  t h e i r  own use. Such a c t i v i t i e s  would stimu$Gte 

In t e r e s t  i n  t h e  energy Impacts of Paad use planning. More Importantly, 

within t h e  planning professions such a c t i v i t i e s  would begin t o  develop 

t h e  understanding of t h e  ro l e  of energy i n  community design and land 

use planning which w i l l  be necessary f o r  e f f ec t i ve  u t i l i z a t i o n  of federa l  

and s t a t e  conservation and advanced technology i n i t i a t i v e s .  

ving Land U s e  Development 
. . . . .- -- -. 

A number of analyses, fncluding our own, have demonstrated t h a t  through 

t h e  propit,ious use of land,  s ign i f ican t  energy reductions & be made i n  



projected future  energy expenditures over t h a t  associa ted with convention- 

al land use configurations. Were the  Federal government and in te res ted  

s t a t e  governments t o  prepare spec i f ic  guidelines which would define s teps  

t h a t  l o c a l  governments could t ake  t o  br ing about more energy conserving 

uses of l and ,  it would a id  public i n t e r e s t  and c i t i z e n  groups, developers, 

and planning boards i n  making judgments on t h e  d i rec t ions  they would l i k e  

t o  see l o c a l  land use development take.  While it i s  not ant ic ipated t h a t  

these  guidelines would cons t i tu te  anything other  than suggested act ions  

and po l i c i e s  on t h e  pa r t  of t h e  federa l  o r  s t a t e  government, they would 

help  i n  categorizing t h e  numerous and i n t e r ac t i ve  land use decisions i n  

terms of t h e i r  compatibil i ty with a more energy e f f i c i e n t  ove ra l l  pa t te rn .  

C. Energy Accounting Measures and Indices 

A s  noted in Section 111-A of t h i s  repor t ,  t h e  absence of measurable 

indices  t o  evaluate energy impacts of land use arrangements i n  terms of 

t h e i r  l o c a l  and na t iona l  cos t s  and benef i t s  w i l l  make it d i f f i c u l t  t o  

assess  t h e  trade-offs between a l t e rna t e  land use development pa t te rns .  

Their absence a l so  poses d i f f i c u l t i e s  f o r  e i t h e r  s t a t e  o r  federa l  govern- 

ments t o  coordinate act ions  taken by agencies responsible f o r  s e t t i n g  

housing codes, designing road networks, s i t i n g  new energy f a c i l i t i e s  - 
all of which influence t he  nature  of t he  land use-energy interdependence: 

Research is  needed t o  e s t ab l i sh  a proper bas i s  f o r  es tabl ishing such 

indices.  

D. Land Use-Energy Relationships and Fnvironmental Factors 

In many urbsn centers ,  t h e  major land use a c t i v i t i e s  which a r e  

responsible fo r  t h e  production and consumption of energy a r e  a l s o  re- 

sponsible f o r  t h e  primary generation of environmental pol lutants .  Although 

it is evident t h a t  the re  a re  many l a d  use act ions  t h a t  could be taken t o  

make energy u t i l i z a t i o n  more e f f i c i e n t  and which would be compatible with 

reducing po l lu tan t  l e v e l s ,  as ye t  the re  has been l i t t l e  de ta i l ed  analyses 

of  t h e  in te rac t ions  between these  two s o c i e t a l  concerns i n  these  urban 

areas. A coordinated pmgram Between appropriate federa l  agencies tu 

es t ab l i sh  a common methodology and data  base f o r  formulating an energy 

component t o  t h e  environmental regulations and control  indices should be 

es tabl ished.  



E. Land Us.e and New Energy Technologies 

Although land use .pat terns  strongly determine t he  magnitude and 

character  of a major component of t h e  energy demand i n  t h e  highly 

populated urban areas  of t h e  country, t h e i r  f i n a l  form w i l l  grow 

increasingly sens i t ive  t o  new energy technologies expected t o  come i n t o  

use over t h e  next several  decades. The e l e c t r i c  ca r ,  so l a r  heating 

and cooling, and t h e  b p o s i t i o n  of new building standards and con- 

s t ruc t ion  processes a re  examples of technologies t h a t  w i l l  influence 

land use pat terns .  What i s  f a r  from obvious a r e  t h e  ove ra l l  energy 

demands t ha t  w i l l  be generated by t h e  resu l t ing  land use development. 

It i s  e n t i r e l y  possible,  f o r  example, t h a t  a s  a r e s u l t  of t h e  wider 

geographic dispersion of land use t h a t  m a y  r e s u l t  from the  use of 

so l a r  energy, t ranspor ta t ion energy requirements could increase. 

Assessments of the  land use-energy impacts of these  and other  

technologies should be ca r r ied  out i n  o r d e r . t o  evaluate t h e i r  ove ra l l  

demand o n . a l l  energy fue l s  and t o  an t i c ipa t e  t he  1and.use pat terns  

most favorable t o  rea l iz ing  t h e i r  po ten t ia l .  

F. National Land Use Trends and Projected National Energy Demands 

Declining family s i z e ,  sh i f t i ng  migration pa t te rns  toward t h e  

sunbel t ,  increasing use of rec rea t iona l  f a c i l i t i e s ,  continuing disper- 

s ion of i n d u s t r i a l  manufacturing, and other  major trends i n  t h e  

economic and soc i a l  l i f e  of t h e  nat ion have received recent a t t en t ion .  

Those promise t o  br ing about s ign i f ican t  s t r u c t u r a l  changes i n  t h e  

pat terns  of growth and land use development i n  urban and suburban 

areas .  For example, t h e  present p rac t ice  of' s i t i n g  l i g h t  manufacturing 

a c t i v i t i e s  i n  l a rge ly  r u r a l  s e t t i ngs  tends t o  cause nucleation of many 

s m a l l ,  interconnected growth centers a s  opposed t o  more centra l ized 

expansion of ex i s t ing  population and employment centers.  Such nat ional  

land use t rends  ce r ta in ly  are strong determinants of t h e  fu ture  potential 

f o r  decentral ized energy conversion technologies, d i s t r i c t  heating,  and 

other advanced energy systems as  well a s  of energy conservation pos s ib i l i -  

t i e s  which might be rea l ized  through such changes a s  construction prac t ices  

and standards o r  t ranspor ta t ion system modifications. Equally important, 



these  na t iona l  land use  t rends  w i l l  e s t ab l i sh  fu ture  l eve l s  of energy 

consumption which r e f l e c t  a changed s e t  of energy end use demands 

associated with t h e  personal energy requirements and i ndus t r i a l  needs 

of a nationwide population d i s t r i bu t i on  s h i f t i n g  south and west. An 

assessment of t h e  energy u t i l i z a t i o n  implications of nat ional  land use 

t rends  should be ca r r ied  out t o  i den t i fy  t h e  extent  t o  which these  

changing pa t te rns  of both land use and energy a r e  compatible with 

federa l  energy technology and conservation i n i t i a t i v e s  and goals. 

G. L i fes ty le  Analysis 

A na tu ra l  extension of t h e  work presented i n  t h i s  s e r i e s  of repor ts  

and other  recent  work could be a more wide-ranging examination of t h e  

energy implications of a l t e rna t i ve  l i f e  s t y l e s .  Here we have es tabl ished 

t h e  ana ly t ica l  and technica l  bas i s  f o r  such an analysis .  This should 

now be combined with a more speculative invest igat ion of a var ie ty  of 

fu tu re  soc i a l  pa t te rns  including considerations of soc i a l  ro les ,  time 

alloc.at ion,  and socioeconomic d i s t r i bu t i on  as  a bas i s  f o r  understanding 

t h e  range of poss ible  fu ture  energy pat terns .  



V. FUTURE SIGNIFICANCE OF LAND USE AND 
ENERGY UTILIZATION ANALYSIS 

Over t h e  past  few years ,  we have come t o  r e a l i z e  how d i f f i c u l t  

it i s  t o  understand t h e  d e t a i l s  of a socie ty 's  energy use and t o  

formulate polfc ies  t o  a f f ec t  t h a t  use. A s  usual ,  when confronted with 

ana ly t ica l  d i f f i c u l t y ,  we take  a reduct ionis t  approach. We divide 

energy use i n to  a number of sectors  -- r e s iden t i a l ,  commercial, in- 

d u s t r i a l ,  t ranspor ta t ion -- and analyze pa r t i cu l a r  energy uses i n  

each sector .  For t h e  most p a r t ,  t h i s  has been a successful1 approach. 

However, i t s  shortcoming i s  t h a t  it neglects t h e  f ab r i c ,  t h e  s t ruc tu r e  

t h a t  t i e s  all energy uses together.  That s t ruc ture  i s  i n  pa r t  

physical -- t h e  physical  pa t te rns  of development and growth -- and 

i n  par t  soc i a l  -- t h e  way people spend t h e i r  time and money. Life- 

s t y l e ,  an unfortunate but  useful  term, i s  l o s t  through disect ion 

and, a s  a r e s u l t ,  changes i n  l i f e - s ty l e  can not be considered i n  

policy analysis .  

The significance of energyband use analysis  i s  t h a t  it must 

consider t he  s t ruc tu r e  of all energy uses. It stands back f a r  enough 

so t h a t  physical and soc i a l  pa t te rns  a re  revealed. This i s  not t o  

say t h a t  d e t a i l s  can be ignored. In  f a c t ,  t h e  d e t a i l s  of energy use. 

i n  all t h e  consuming sec tors  must be considered. For example, t o  

understand t he  energy impacts of a l t e r ed  r e s iden t i a l  pa t t e rn s ,  one 

must understand t he  d e t a i l s  of t h e  eff ic iency of t h e  use of various 

fiwls i n  d i f f e r en t  housing types and t h e  energy used i n  constructing 

t h a t  housing. But t h e  analysis  must proceed beyond t h a t  point  t o  

understand t h e  re la t ionsh ip  between housing types,  t r anspor ta t ion  

pa t te rns ,  and energy use i n  various t ransporat ion modes. 

Energy-land use analysis  has an important f i t u r e  ro l e  i n  

providing an in tegra t ive  Pi-mewark for  public policy making. I n  a 

po l i t i , ca l  world eager f o r  immediate r e s u l t s  and shor t  term impacts, 

the re  i s  a danger t h a t  t h i s  type of analysis  w i l l  be neglected o r  

given a low pr io r i t y .  But our energy problems a r e  long term. They 



are a l s o  intimately related t o  the wa;y in 'which our society i s  

structured and the  way i n  which we pat tern our l ives .  Ehergy- 

land use analysis can develop in ways which help us t o  understand 

those s t ructures  and patterns and ultimately t o  establ ish policies 

which more accurately ant ic ipate  the  needs and desires of the  

future. 




