
PRELIMINARY COMPARATIVE ASSESSMENT 
OF LAND USE FOR THE SATELLITE POWER 
SYSTEM (SPS) AND ALTERNATIVE ELECTRIC 
ENERGY TECHNOLOGIES 

April 1980 

Prepared by: 

D. E. Newsom and T. D. Wolsko 

Integrated Assessments and Policy Evaluations Group 
Energy and Environmental Systems Division 
Argonne National Laboratory 
Argonne, Illinois 60439 

Under Contract No. 31 -1 09-ENG-38 

U.S. Department of Energy 
Office of Energy Research 
Satellite Power System Project Division 
Washington, D.C. 20545 

DO E/NASA 
SATELLITE POWER SYSTEM 
Concept Development 
and 
Evaluation Program 

https://ntrs.nasa.gov/search.jsp?R=19800021385 2020-03-21T17:31:39+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/42863834?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


" C  : 

J: 
km: 

kwh : 

m: 

Mw: 
Mw-yr : 

m*-yr : 

t: 

DEFINITIONS OF UNIT SYMBOLS 

degrees centigrade 

joule 
kilometer 

ki 1 owa t t-hour 

meter 

megawatt 

megawatt- year 

square meter-year 

metric ton (i.e., 1,000 kilograms) 

iv 



I .  TABLE OF CONTENTS 

Page 

S U M M A R Y . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  v i i  

ABSTRACT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1 I 1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 METHODOLOGY FOR COMPARATIVE ASSESSMENT . . . . . . . . . . . . . . . .  3 

3 BRIEF OVERVIEW OF PERTINENT STUDIES. . . . . . . . . . . . . . . . . . .  7 

rt r ,mn USE AND IMPACT ASSESSMENT . . . . . . . . . . . . . . . . . . . .  9 

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 

Coal Combined Cycle . . . . . . . . . . . . . . . . . . . . . . .  9 
Flu id ized  Bed Combustion. . . . . . . . . . . . . . . . . . . . .  10 
Light Water Reactor . . . . . . . . . . . . . . . . . . . . . . .  11 
Liquid Metal Fast  Breeder Reactor . . . . . . . . . . . . . . . .  12  
T e r r e s t r i a l  Solar  Photovol ta ics  . . . . . . . . . . . . . . . . .  13 
T e r r e s t r i a l  Solar  Thermal E l e c t r i c .  . . . . . . . . . . . . . . .  14 
Ocean Thermal Energy Conversion . . . . . . . . . . . . . . . . .  14 
S a t e l l i t e  Power System . . . . . . . . . . . . . . . . . . . . . .  14 

5 CONCLUSIONS AND RECOMMENDATIONS. . . . . . . . . . . . . . . . . . . .  17 

REFERENCES.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

LIST OF FIGURES 

1 Methodology f o r  Land Use Comparative Assessment. . . . . . . . . . . .  4 

2 Matrix of Land Use by Technology and Purpose . . . . . . . . . . . . .  5 

LIST OF TABLES 

1 Summary of  Resul t s  . . . . . . . . . . . . . . . . . . . . . . . . . .  v i i  

2 Land Required f o r  F lu id ized  Bed Combustion . . . . . . . . . . . . . .  10 

3 Land Requirements f o r  LWR. . . . . . . . . . . . . . . . . . . . . . .  1 2  

4 Summary of Land Requirements . . . . . . . . . . . . . . . . . . . . .  18 

V 



t 
i 

t 
I 

i 
I 

i 
I 

I 

, 

~ 

SUMMARY 

* 
A preliminary comparative assessment of land use f o r  t h e  s a t e l l i t e  

power sys tem (SPS), o t h e r  s o l a r  technologies,  and a l t e r n a t i v e  e l e c t r i c  energy 

ication/combined-cycle, coa l  fluidized-bed combustion (FBC), l i g h t  water 
r e a c t o r  (LWR), l i q u i d  metal f a s t  breeder r e a c t o r  (LMFBR) , t e r res t r ia l  photo- 
v o l t a i c s  (TPV), s o l a r  thermal e l e c t r i c  (STE), and ocean thermal energy con- 
ve r s ion  (OTEC). //Fusion w a s  not included i n  t h i s  preliminary work b u t  w i l l  be 
a p a r t  of t he  f i n a l  assessment. The o b j e c t i v e s  of t h i s  assessment w e r e  t o  
conduct a preliminary eva lua t ion  based on a v a i l a b l e  r e sea rch ,  t o  i d e n t i f y  a 
s u i t a b l e  assessment methodology, and t o  i d e n t i f y  d a t a  d e f i c i e n c i e s .  

'The major i s s u e s  of a land use assessment are t h e  quan t i ty ,  purpose, 
du ra t ion .  and c o s t s  of t h e  required land use!' The phased meth- 
odology d e s c r i b e d  h e r e  t r e a t s  t h e  i i i s t  fear i s s*rea;  b u t  n o t  t h e  c o s t s .  

technologies  4 has  been conducted.l'The a l t e r n a t i v e  technologies  are coal-gasi- 

l oca t ion ,  

The r e s u l t s  of t he  preliminary assessment are summarized i n  Table 
1. Data were t y p i c a l l y  a v a i l a b l e  i n  t h e  surveyed  r e s e a r c h  f o r  t h e  l a n d  
requirements of t h e  p l an t  s i t e  proper. However, d i s p a r i t i e s  i n  the  way t h e  
d a t a  were reported l imi t ed  t h e i r  usefulness f o r  comparative assessment. The 
d a t a  from d i f f e r e n t  sources were o f t en  normalized d i f f e r e n t l y ,  with no ex- 
p l i c i t  s t a t e m e n t  o f  t h e  i n f o r m a t i o n  needed t o  c o n v e r t  from one u n i t  o f  
measure t o  another.  Fu r the r ,  d i f f e r e n t  sources sometimes included d i f f e r e n t  
p a r t s  of an e n t i r e  system i n  t h e i r  aggregated da ta .  Hence, t h e  d a t a  w e r e  not  
d i r e c t l y  comparable. 

Some general  comparisons a r e  poss ib l e  on t h e  b a s i s  of t h e  e x i s t i n g  
d a t a .  Except f o r  OTEC, which i s  not land based, t h e  coa l  opt ions have t h e  
smallest land requirements f o r  t h e i r  generat ing p l an t s .  The nuclear  op t ions  
r e q u i r e  somewhat more land f o r  t h e i r  p l a n t s ,  while  t h e  s o l a r  opt ions have t h e  
l a r g e s t  plant-area requirements. The comparison, however, i s  reversed f o r  
land required f o r  t h e  f u e l  cycle .  The s o l a r  opt ions need no such land,  while 
t h e  coa l  and nuc lea r  opt ions r equ i r e  s u b s t a n t i a l  areas f o r  f u e l  mining and 
processing. Because i t  r e q u i r e s  l e s s  f u e l ,  t h e  LMFBR r e q u i r e s  l e s s  land per 
u n i t  of output than the  LWR or the  coal opt ions.  

The l ack  of e x p l i c i t  d a t a  i n  t h e  cons t ruc t ion  category renders  t h e  
poss ib l e  comparisons quest ionable .  Likewise, comparison i s  not  poss ib l e  i n  
t h e  waste-disposal category because of t h e  d i v e r s i t y  of  form of t h e  e x i s t i n g  
d a t a .  I n  t h e  t ransmission category, i n  t h e  absence of b e t t e r  estimates of 
l i n e  l eng ths  f o r  each technology, t h e  d a t i  i n d i c a t e  t h a t  land requirements f o r  
a l l  technologies  are roughly comparable. 

The survey of a v a i l a b l e  research showed seve ra l  d a t a  d e f i c i e n c i e s .  
For most technologies ,  e x p l i c i t  d a t a  were lacking on t h e  du ra t ion  and l o c a t i o n  
of  land use and on the  amount of land required f o r  construct ion.  For the SPS, 
d a t a  were d e f i c i e n t  on land required f o r  launch s i t e s  and transmission f a c i l -  
i t i e s .  Some d e f i c i e n c i e s  i n  the fuel ,  d i s p o s a l ,  and transmission c a t e g o r i e s  
may b e  el iminated as a r e s u l t  of fu r the r  system-characterization or scenario- 
development s t u d i e s .  For example, some d a t a  showed the  amount of land re- 
quired f o r  a t y p i c a l  coa l  mine, but  i n  t h i s  prel iminary assessment it w a s  not  
c l e a r  what proport ion of t h a t  land should be a l loca t ed  t o  a normalized u n i t  of 
power or energy production. Such d a t a  may be use fu l  t o  f u r t h e r  s t u d i e s .  

v i i  



For the final assessment, it is recommended that the major effort b.e 
devoted to consistent system characterization to fill in the land use matrix., 
Specific attention should be given to: 

0 Consistency in the units of measure; 

0 Explicit statement of the assumptions used in normalizing 

0 Breaking down the land requirements by purpose of use; 

the data; 

and 

Filling in the areas of greatest data deficiency. 0 

1 
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T&Ie 1. Summary of Results 

Purpose Construction Plant Fuel Disposal Transmission 

CG/CC 
Quantity 

Duration 
Location 

smallest large 5 m2/MW-yr 300 rn2/MW-yr __a 

30 yr --b 30 r 30 yr 
--b --b --b --b --b 

(480  km)c 
__ b 

FBC - 
Quantity --a smallest large 1 .4  m2/MW-yr 300 m2/MW-yr 

Quantity --a med ium small --b 200 m2/m-yr 
(80  km)C 

Durat ion __ b 30 yr --b --b 30 yr 

Location --b --b --b --b __ b 
TPV - 
Quantity _-a large negld negld 300-3000 

m2 / MW- yr 
(480-4800 km)' 

Duration __ b 30 yr N A ~  NAe 30 yr 

Locat ion __ b Southwest NA NA --b 

STE - 
Quantity __a large neg 1 negl 300-3000 

m*/MW-yr 
(480-4800 km)c 

Duration --b 30 yr NA NA 30 yr 

Locat ion --b Southwest NA NA --b 

OTEC - 
Quantity -,a negl 

Duration --b NA 

Locat ion -_ b NA 

SPS - 
Quantity 20-850 km2 large 

( launch) 

Duration 30 yr 30 yr 
Locat ion Florida? _ _  b 

negl negl 300 m2/MW-yr 
(480  km)' 

NA NA 30 yr 
NA NA --b 

negl negl 300-1000 
m2/m-yr 
(480-1600 km)' 

NA NA 30 yr 
NA NA -,b 

~~~ ~ ~ 

'Approximately the sum of plant and transmission requirements. 

bData lacking; some categories are discussed in text. 
CDistance to load center. 
dNegligible. 
eNot applicable. 

ix 
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PRELIMINARY COMPARATIVE ASSESSMENT OF LAND USE 
FOR THE SATELLITE POWER SYSTEM AND 

ALTERNATIVE ELECTRIC ENERGY TECHNOLOGIES 

Donald E.  Newsom and Thomas D. Wolsko 

ABSTRACT 

-. i n e  ut jee t ive  n f  t h i s  r e p o r t  i s  t o  p r e s e n t  a pre-  
l iminary comparative assessment of land use for saiellite 
power systems and severa l  a l t e r n a t i v e  e l e c t r i c  energy tech- 
nologies .  A methodology f o r  performing the  assessment i s  
descr ibed .  Several p a s t  e f f o r t s  a t  comparative or single-  
technology assessment a re  reviewed b r i e f l y .  The cu r ren t  
s t a t e  of knowledge about  l a n d  u s e  i s  d e s c r i b e d  f o r  each  
technology. Conclusions a r e  drawn regarding d e f i c i e n c i e s  i n  
t h e  d a t a  on compara t ive  l a n d  u s e  and needs  f o r  f u r t h e r  
research .  

1 INTRODUCTION 

One of the  important resources  required by e l e c t r i c  energy technologies  
i s  land area. I n  a s a t e l l i t e  power system (SPS), a l a r g e  amount of land i s  
requi red  f o r  rec tenna  ( r ece iv ing  and r e c t i f y i n g  antenna) si tes.  Other tech- 
nologies  , too , may have l a r g e  land requirements. The comparative assessment 
of  an SPS with seve ra l  a l t e r n a t i v e s  thus includes land as  one of t he  param- 
e t e r s  of i n t e r e s t .  The major i s sues  of a land-use assessment can be cate-  
gor ized  as quan t i ty ,  purpose, dura t ion ,  l o c a t i o n ,  and c o s t .  

The most obvious ques t ion  about land i s  t h e  amount of land t h a t  a 
given technology w i l l  r equ i r e .  The bas ic  u n i t  of measure f o r  t h i s  quest ion 
i s  simply land area. However, f o r  a f a i r  comparison of t he  technologies ,  it 
is necessary te n o n a l i z c  t he  measure of land a rea ,  such a s  by the  power 
r a t i n g  or t h e  ene rgy  o u t p u t  o f  a t y p i c a l  p l a n t .  i n  a d d i t i o n ,  d i f f e r e n t  
amounts of land may be required f o r  varying purposes i n  a s i n g l e  system. For 
example, a c e r t a i n  amount may be  required during cons t ruc t ion ,  another  amount 
f o r  t he  p l an t  s i te  during operat ion,  and add i t iona l  amounts for  the  f u e l  
source ,  waste d i s p o s a l ,  and power t ransmission.  

Also important t o  the  assessment i s  the  du ra t ion  of use of the  land.  
The u n i t  of measure f o r  t h i s  i s s u e  i s  simply time. Again, for each of t h e  
purposes of land use ,  a d i f f e r e n t  dura t ion  of use may be  requi red .  

A t h i r d  important i s sue  i s  the  loca t ion  of t he  required land.  I n  
concept ,  t h e  eva lua t ion  of t h i s  i s sue  could proceed t o  the  d e t a i l e d  eva lua t ion  
of  s i tes  f o r  i nd iv idua l  p l an t s .  However, a more general  r ep resen ta t ion  of 
Locat ion i s  a l s o  poss ib l e ,  for  example, reg ion  of t he  c,ountry. 
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The quan t i ty ,  du ra t ion ,  and l o c a t i o n  of land use a l l  have impacts 
upon c o s t .  The d i r e c t  d o l l a r  c o s t  of acquir ing o r  l ea s ing  t h e  land i s  r a t h e r  
obviously a f f ec t ed .  There are opportuni ty  c o s t s  too,  associated with t h e  
d e n i a l  of a l t e r n a t i v e  uses  of t h e  land. Though these  c o s t s  are o f t e n  d i f f i -  
c u l t  t o  measure, they c o n s t i t u t e  an important i s s u e  concerning the s i g n i f i -  
cance of land use. Opportunity c o s t s ,  however, are not included i n  t h i s  
preliminary work o r  i n  the f i n a l  assessment, because eva lua t ing  such c o s t s  f o r  
land use i s  l a r g e l y  specu la t ive .  

The comparative na tu re  of t he  present  assessment raises some add i t iona l  
requirements f o r  treatment of t h e  above i s s u e s .  For a f a i r  comparison of 
technologies ,  a c o n s i s t e n t  d a t a  set i s  needed. The d a t a  must be of s i m i l a r  
q u a l i t y  f o r  a l l  of t h e  technologies  so t h a t  it can be normalized i n  a consis- 
t e n t  manner. The methodology f o r  accomplishing the  assessment must a l s o  
be cons i s t en t .  

The ob jec t ives  of t he  present  study were: 

0 To conduct a preliminary assessment based on research 

0 To i d e n t i f y  a s u i t a b l e  methodology f o r  t h e  l a n d  u s e  

0 To i d e n t i f y  a v a i l a b l e  d a t a  and d e f i c i e n c i e s  i n  it f o r  

t ha t  had already been done; 

assessment; and 

purposes of t he  assessment. 

I n  a d d i t i o n  t o  the  SPS, t h i s  preliminary assessment included two coal  tech- 
nologies  (coal-gasification/combined-cycle and fluidized-bed combustion), t h e  
l i g h t  water r e a c t o r ,  t h e  l i q u i d  meta l  f a s t  b r e e d e r  r e a c t o r ,  t e r r e s t r i a l  
pho tovo l t a i c s ,  s o l a r  thermal e l e c t r i c ,  and ocean thermal energy conversion. 

I n  t h e  next s e c t i o n  of t h i s  r e p o r t  a systematic  methodology i s  pre- 
sented f o r  the comparative assessment of land use.  I n  Sec. 3 ,  some per-  
t i n e n t  s t u d i e s  r e l a t i n g  t o  t h i s  area a r e  rev iewed b r i e f l y .  I n  S e c .  4 a 
prel iminary assessment of land use i s  presented f o r  each of t h e  technologies 
included. Conclusions of t h i s  s tudy,  including recommendations f o r  f u r t h e r  
r e sea rch ,  are presented i n  Sec. 5 .  
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2 METHODOLOGY FOR COMPARATIVE ASSESSMENT 

One of t he  ob jec t ives  of t h i s  study was t o  i d e n t i f y  a s u i t a b l e  method- 
ology fo r  t h e  comparative assessment of land use,  based on an eva lua t ion  of 
o t h e r  r e s e a r c h  a l r e a d y  done .  The examined r e s e a r c h  t r e a t e d  l a n d  u s e  i n  
var ious  l e v e l s  of d e t a i l .  The simplest  assessment cons is ted  of g iv ing  a 
s i n g l e  land-use f i g u r e  aggregated over a l l  purposes of use fo r  t he  l i f e t i m e  of 
a p l an t .  The most d e t a i l e d  assessments broke down the  land requirements i n t o  
f ixed  land and incremental  land fo r  var ious uses .  (Fixed land remains i n  use 
f o r  t he  l i f e t i m e  of a p l an t ;  incremental land i s  used f o r  only p a r t  of t he  
l i f e t i m e ) .  Only r a r e l y  w a s  any e x p l i c i t  d a t a  given as t o  t h e  du ra t ion  o r  
i o c a t i o n  of the ?E.=.? zse .  

The methodology s e l e c t e d  f o r  t h e  compara t ive  a s ses smen t  needs  t o  
present  information t h a t  i s  usefu l  for  dec i s ion  making. For t h i s  purpose the  
q u a l i t y  as w e l l  a s  t h e  q u a n t i t y  o f  l and  u s e  i s  i m p o r t a n t ,  t h a t  i s ,  what 
c r i t e r i a  t he  land must s a t i s f y  and what impacts t he  proposed use w i l l  have. 
Therefore ,  t h e  assessment methodology should include a breakdown of land use 
by purpose of use.  Where poss ib le ,  d a t a  on dura t ion ,  l oca t ion ,  and c o s t s  
should a l s o  be included. 

A methodology f o r  compara t ive  a s ses smen t  of  l a n d  u s e  i s  shown i n  
Fig.  1. The present  study c o n s t i t u t e s  a prel iminary assessment. The f i n a l  
a s s e s s m e n t  w i l l  i n c l u d e  a n  a l t e r n a t i v e - f u t u r e s  a n a l y s i s  based  on  growth 
scenar ios  f o r  u t i l i z a t i o n  of the  technologies ,  and w i l l  make use of more 
d e f i n i t i v e  cha rac t e r i za t ions  of technologies and systems. 

A s  depicted i n  Fig.  1, the  comparative assessment s ta r t s  with a selec- 
t i o n  of systems t o  be compared. This s e l e c t i o n  i s  a c t u a l l y  ou t s ide  the  land 
use  assessment per se ,  but  i s  shown here f o r  completeness. 

Given re ference  designs f o r  the  se lec ted  technologies ,  t he  systems 
a r e  c h a r a c t e r i z e d  as t o  t h e i r  l and  r e q u i r e m e n t s ,  i n  terms o f  q u a n t i t y ,  
d u r a t i o n ,  and l o c a t i o n .  I n  t h e  p r e l i m i n a r y  phase ,  t h e  c h a r a c t e r i z a t i o n  
a c t i v i t y  cons is ted  of a l i t e r a t u r e  search. The f i n a l  assessment w i l l  use  t h e  
r e s u l t s  of s epa ra t e ,  ongoing cha rac t e r i za t ion  a c t i v i t i e s .  Since d e t a i l e d  
s i t i n g  s t u d i e s  a r e  beyond t h e  scope*of t h i s  r e s e a r c h ,  l o c a t i o n s  w i l l  b e  
i i i d i c a t e d  sn1y b y  g e n e r a l  geograph ic  r e g i o n ,  such  as "Southwest  ." The 
assessment w i l l  a l s o  incorpora te  the r e s u l t s  of ongoing s t u d i e s  to charac- 
t e r i z e  and eva lua te  poss ib l e  SPS rectenna s i tes .  These s t u d i e s  are descr ibed 
i n  more d e t a i l  l a t e r  i n  t h i s  repor t .  The r e s u l t  of t h i s  s t e p  should be a 
matrix of quan t i ty ,  du ra t ion ,  and loca t ion  of land use by technology and 
purpose of use (F ig .  2 ) .  

. .  

The side-by-side eva lua t ion  r e su l t i ng  from the  system-character izat ion 
s t e p  i s  as f a r  as t h i s  assessment w i l l  go. The addi t ion ,  i n  t h e  f i n a l  assess- 
ment, o f  growth scenar ios  f o r  t h e  a l t e r n a t i v e  technologies  w i l l  permit t h e  
eva lua t ion  of t o t a l  land requirements fo r  the  given scenar ios .  

*SPS s i t i n g  s t u d i e s  are t o  be performed as p a r t  of t h e  SPS Soc ie t a l  
Assessment. 
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* I  
The f i n a l  s t e p  shown i n  Fig.  1 i s  the  eva lua t ion  of d i r e c t  and s o c i a l  

c o s t s  r e s u l t i n g  from the  required land usages. A s  discussed ea r l i e r ,  these  
c o s t s  are important i n  gauging t h e  s ign i f i cance  of land use.  I n  t h i s  prelim- 
inary  assessment , however, t he  lack  of d e t a i l e d  s i t i n g  s t u d i e s  precludes the  
d e t a i l e d  assessment of cos t s .  Some general ized s ta tements  of impacts can be 

I 

I 

made where general  regional  l oca t ions  of f a c i l i t i e s  are i d e n t i f i e d .  I 

Two addi t iona l  i s s u e s  r equ i r e  some comment: system boundaries and 
t h e  treatment of uncer ta in ty .  A s  conceived here ,  t h e  land requi red  by an 
energy system w i l l  cons i s t  only of t h a t  required f o r  primary uses ,  e .g . ,  
cons t ruc t ion  (access  roads) , the  p lan t  s i t e ,  t he  f u e l  cyc le ,  waste d i sposa l ,  
and t ransmission f a c i l i t i e s .  Excluded w i l l  be secondary uses such as land f o r  
t he  f a c t o r i e s  t h a t  manufacture p lan t  components. 

Quant i ta t ive  uncer ta in ty  i n  the  es t imates  of land use i s  probably of 
l i t t l e  impor tance  f o r  d e c i s i o n  making,  compared t o  t h e  magni tude  of t h e  
es t imates  and the  q u a l i t a t i v e  impacts of land use.  The l a t t e r  a r e  more a 
funct ion of loca t ion  than of quant i ty .  Hence, the  assessment w i l l  not include 
an e x p l i c i t  quan t i t a t ive  treatment of uncer ta in ty .  
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3 BRIEF OVERVIEW OF PERTINENT STUDIES 

Among d a t a  sources t h a t  were researched i n  t h i s  assessment are seve ra l  
s t u d i e s  i n  which side-by-side d a t a  are presented f o r  s eve ra l  technologies ,  as 
w e l l  a s  many s t u d i e s  of i n d i v i d u a l  t e c h n o l o g i e s .  The l a t t e r ,  i n c l u d i n g  
s t u d i e s  by Kotin and by Blackburn and Bavinger of SPS land use,1,2 are d i s -  
cussed i n  the  appropriate  p a r t s  of Sec. 4 .  Those s t u d i e s  t h a t  i n  some sense 
compared seve ra l  technologies are reviewed he re .  

Caputo3 has  performed a comparative assessment of s eve ra l  cen t r a l -  
s t a t i o n  technologies ,  including the  i s sue  of land use. The d a t a ,  however, 
typically Ideztify c s l y  land f o r  t ransmission and the  t o t a l  land f o r  o t h e r  

General ly ,  however, t he  d a t a  do not c o n s t i t u t e  t h e  d e t a i l e d  breakdown dis-  
cussed ear l ie r .  

purposes f o r  each technology. Some exceptions are noted i a c e r  ;ii t h i s  rn..n-+ I by- - -. 

One d a t a  source t h a t  does perform a d e t a i l e d  breakdown of land require-  
ments by purpose i s  the MERES d a t a  base.435 The land-use d a t a  are presented 
as f ixed land,  incremental land,  and a time-averaged t o t a l  requirement f o r  
each of s eve ra l  a c t i v i t i e s  and processes i n  t h e  f u e l  cycle .  Unfortunately,  
t h e  d a t a  are compiled only fo r  a v a r i e t y  of f o s s i l  fuel-based technologies.  

Bech te l ' s  Energy Supply Planning Model6 ,7 presents  d a t a  broken down 
s i m i l a r l y  t o  t h e  MERES d a t a  fo r  coal  and nuclear  f a c i l i t i e s .  I n  a d d i t i o n  t o  
f ixed  and incremental land,  t he  Bechtel model a l s o  e x p l i c i t l y  i d e n t i f i e s  
right-of-way and underground l ease  requirements. I n  terms of t he  breakdown of 
land requirement by f a c i l i t y ,  both the MERES and Bechtel d a t a  a r e  c l o s e  t o  
what i s  envisioned f o r  t he  comparative assessment methodology. However, i n  
a d d i t i o n  t o  b e i n g  l i m i t e d  i n  t h e  scope o f  t h e i r  t e c h n o l o g i e s ,  t h e y  a l s o  
l a c k  d a t a  on t h e  du ra t ion  of land use o r  i t s  l o c a t i o n .  

One s t u d y  t h a t  a d d r e s s e s  t h e  i s s u e  o f  l o c a t i o n  i s  t h a t  o f  MITRE/  
METREK, appl ied t o  so l a r - r e l a t ed  technologies .8 Generic designs are given f o r  
s e v e r a l  types of s o l a r  p l a n t s .  The l i k e l y  l o c a t i o n s  of each p l an t  type are  
given i n  terms of census region, and t h e  major economic and environmental 
f a c t o r s  causing c o s t  v a r i a t i o n  between regions are noted. However, only a 
s i n g l e  f i g u r e  i s  given f o r  t he  t o t a l  land use of each. 

To summarize, a l l  of t hese  s t u d i e s  con ta in  useful  da t a  ar;d represent 
However, none of them comprises a p a r t  of a complete comparative methodology. 

t h e  e n t i r e  methodology discussed i n  Chapter 2. 
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4 LAND USE AND IMPACT ASSESSMENT 

This s e c t i o n  of t he  r e p o r t  presents  t h e  assessment of land use and 
impacts f o r  each of t h e  candidate  technologies: coal-gasification/combined- 
c y c l e ,  f l u i d i z e d - b e d  combust ion ,  l i g h t  water  r e a c t o r ,  l i q u i d  meta l  f a s t  
breeder r e a c t o r ,  ground s o l a r  photovoltaics,  s o l a r  thermal e l e c t r i c ,  ocean 
thermal energy conversion, and s a t e l l i t e  power systems. For each technology 
t h e  reference design i s  described b r i e f l y  and c i t e d .  The land use require-  
ments are given, t oge the r  with discussions of t h e i r  impacts, t o  t h e  e x t e n t  
t h a t  t h i s  information i s  a v a i l a b l e  from the documents examined. 

4.1 C O A L - G A S I F I C A T I O N ~ ~ v n E i i ~ ~ - C P C L E  

The General E l e c t r i c  Company has described a coal-gasification/com- 
bined-cycle (CG/CC) system i n  t h e i r  eaergy conversion a l t e r n a t i v e s  study.9 
The system i s  based on an open-cycle gas tu rb ine ,  and includes an in t eg ra t ed  
low-Btu g a s i f i e r  producing a gaseous f u e l  from coa l  on s i te .  The ne t  p l a n t  
output  i s  584.8 MW.* The land area requirement i s  given as 530 m2/MW. This 
t o t a l  is composed of 430 m2/MW f o r  the main p l an t  and 100 m2/MW f o r  d i sposa l  
land (20  m2/MW-yr and 5 m2/MW-yr r e spec t ive ly ,  assuming a 30-yr l i f e t i m e  and 
capac i ty  f a c t o r  of 0.7).  No f u r t h e r  breakdown or information about land usage 
i s  given. 

Caputo includes a combined-cycle p l an t  i n  t h e  comparative assessment 
of  c e n t r a l  power systems.3 The land area d i s tu rbed  f o r  t h e  p l an t  i s  given as 
150 m2/MW-yr, with an add i t iona l  1800-4520 m2/MW-yr f o r  fue l - r e l a t ed  land 
u s e ,  depending  on t h e  r e g i o n  where t h e  c o a l  i s  mined. An e s t i m a t e d  300 
m2/MW-yr i s  required f o r  480 km of  transmission l i n e s .  Averaging Eastern 
deep-mined and Western strip-mined coal ,  a composite f i g u r e  of 3600 m2/MW-yr 
i s  given. 

Strip-mined land may o r  may not be reclaimable.  Depending on such 
f a c t o r s  as ground s lope ,  annual r a i n f a l l ,  t h e  s i te  specific-ecology, and acid 
water,  t h e  t i m e  required f o r  r e s t o r a t i o n  could be under 10 years ,  or r e s to ra -  
t i o n  could be impossible.  Caputo assumes a r e s t o r a t i o n  t i m e  of 30 years, t h e  
same as the  p l an t  l i f e t i m e .  No reason f o r  t h i s  choice i s  given. 

The Energy Supply P l s m i n g  Model of  Bechtel C ~ r p o r a t i o n ~ ~ ~  con ta ins  
s e p a r a t e  d a t a  f o r  t h e  land requirements of a combined-cycie powei p?i;nCC, c n d  
mines, and t ransmission l i n e s .  These d a t a  e x p l i c i t l y  exclude land t h a t  is  
used only i n  t h e  cons t ruc t ion  phase. The p l an t  has  a gas t u r b i n e  of 240 MW 
and a steam t u r b i n e  of 160 MW, f o r  a t o t a l  p l an t  output  of 400 MW. It re- 
q u i r e s  a f ixed amount of land of 60,700 m2,  with no incremental land use. 
(Fixed land i s  land t h a t  is  required during t h e  e n t i r e  l i f e  of a f a c i l i t y .  
Incremental  land i s  land t h a t  i s  used f o r  only p a r t  of  t h e  l i f e t i m e  of  a 
f a c i l i t y . )  Assuming a 30-yr plant  l i f e t i m e  and a capac i ty  f a c t o r  of 0.7, a 
land requirement of 7.2 m2/m-yr i s  derived. A coa l  mine, e i t h e r  underground, 
with a capac i ty  of  2 m i l l i o n  metric tons per year ( t / y r ) ,  o r  su r f ace ,  with a 
c a p a c i t y  of 4 x 106 t o  6 x 106 t / y r ,  would r e q u i r e  40,500-56,700 m2 of f ixed 
l and ,  and 0.3-0.4 km2/yr of incremental land. Transmission l i n e s  of  va r ious  
v o l t a g e s  and r a t i n g s ,  and of lengths from 800-1300 km, would r e q u i r e  3.1 x 
107-6.9 x lo7 m2 of right-of-way. 

~ 

*See p. i v ,  "Def in i t i on  of Unit Symbols." 
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‘ I  The Bechtel d a t a ,  while  f i t t i n g  i n t o  t h e  d a t a  base needed f o r  t h e  
comparative assessment,  i l l u s t r a t e  a common d i f f i c u l t y  encountered with some 
da ta .  Without f u r t h e r  s tudy regarding system c h a r a c t e r i z a t i o n  and scenar io  
development, t h e  d a t a  are not amenable t o  comparative assessment. For ex- 
ample, i t  is  not c l e a r  what proport ion of a coa l  mine should be a l loca t ed  t o  
one t y p i c a l  genera t ion  p l an t  f o r  a normalized comparison. Similar  d i f f i -  
c u l t i e s  e x i s t  with cha rac t e r i z ing  t h e  length and type of t ransmission l i n e s  t o  
accompany a t y p i c a l  p l an t .  It should be poss ib l e  t o  r e so lve  these  d i f f i -  
c u l t i e s  i n  fu r the r  phases of t h e  comparative assessment,  when the  more com- 
p l e t e  cha rac t e r i za t ion  and scena r io  s t u d i e s  a r e  included. 

4.2 FLUIDIZED-BED COMBUSTION 

Two f l u i d i z e d - b e d  p l a n t s  are  d e s c r i b e d  i n  GE’s e n e r g y  c o n v e r s i o n  
a l t e r n a t i v e s  study.9 One i s  an atmospheric f lu id i zed  bed (AFB) p l an t  of 814.3 
MW n e t  p l an t  output .  The second i s  a pressurized fluidized-bed (PFB) p lan t  of 
903.8 MW n e t  p lan t  output .  For the  AFB p l an t ,  t h e  land requirement i s  given 
as 1.53 x 105 m2/MW; f o r  t he  PFB p l a n t ,  1.05 x 105 m2/MW (8.4 m2/MW-yr and 5.2 
m2/MS?-yr r e spec t ive ly ,  assuming a 30-yr l i f e t i m e  and a capac i ty  f a c t o r  of 
0.75). These f i g u r e s  presumably inc lude  t h e  land requi red  f o r  t h e  main p l an t  
and d i sposa l  land. They a l s o  include the  assumption t h a t  f r i a b l e  ash i s  used 
as a soi l  condi t ioner .  

A more d e t a i l e d  accounting of land use f o r  fluidized-bed combustion 
Figures  a r e  again given f o r  both AFB and i s  given i n  the MERES d a t a  b a s e . 4 ~ 5  

PFB systems. Summary d a t a  a r e  given i n  Table 2. 

The f igu res  i n  Table 2 inc lude  f ixed land f o r  c o a l ,  ash ,  and dolomite 
s t o r a g e  and the p lan t  i t s e l f ,  and incremental  land use due t o  s o l i d  waste. 
Lands f o r  coal  e x t r a c t i o n  and t ransmission right-of-way are not  included. The 
f ixed  land i s  t h e  same f o r  a l l  reg ions  and both systems. Var i a t ion  i n  the  
summary f igu res  i s  thus due only t o  v a r i a t i o n  i n  incremental  land use because 
o f  reg iona l  d i f f e rences  i n  the  hea t  content  of  f u e l  and i n  t h e  d e n s i t y  of 
waste. As  an example of how t h e  summary f i g u r e s  were a r r ived  a t ,  consider  t he  
PFB system i n  the  Cent ra l  region.  The l a n t  i s  r a t e d  a t  635 MW, with a 75% 
l o a d  f a c t o r ,  and o c c u p i e s  2 .4  x 105 m! (16 .8  mZ/MW-yr, assuming a 30-yr 
l i f e t i m e ) .  a hea t  r a t e  of 10.2 x 106 J/kWh, a c o n t r i b u t i o n  t o  the  t o t a l  
of 5.7 m2-3r/10 J i s  ca l cu la t ed .  Cooling towers, which are s t a t e d  t o  occupy 
4 x lo4 m The for a 1000-MW p l a n t ,  add 0.5 m2-yr/1012 J of f ixed  land. 

Table 2. Land Required f o r  F lu id ized  Bed Combustion 

Region 

Land 
(m2-yr/1012 J) 

AFB PFB 

Central 
North Appalachia 
Northwest 
National Average 

16.4 16.1 
14.7 14.5 
11.8 11.8 
14.3 14.1 
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annual incremental land use due t o  so l id  waste i s  690 m2 (1 .4  m2/MW-yr). 
Averaged over t he  30-yr p l an t  l i f e t i m e ,  the incremental  land is 9.9 m2-yr/101* 
J. The sum of these  con t r ibu t ions  yields  t h e  t o t a l  of 16.1 m2-yr/10I2 J .  

Again,  t h e  B e c h t e l  d a t a  f o r  c o a l  mine and t r a n s m i s s i o n  l i n e  l a n d  
requirements are p e r t i n e n t .  However, f u r t h e r  system c h a r a c t e r i z a t i o n  and 
scena r io  development s t u d i e s  w i l l  be needed i f  t h e  d a t a  are t o  be used i n  
comparative assessment. 

4.3 LIGHT WATER REACTOR 

Data concerning Llie ?znd reqcirpments of a l i g h t  water r e a c t o r  (LWR) 
come from an environmental impact statement (EIS)*" Caputo' s comparaLit-e 
assessment3 Bechtel '  s Energy Supply Planning Model ,637 and Hub's compara- 
t i v e  study. il 

The EIS i s  s p e c i f i c  t o  one s t a t i o n ,  t h e  Black Fox S t a t i o n  i n  Oklahoma. 
Hence, some of  t h e  s p e c i f i c  l and  u s e s  ment ioned  f o r  t h i s  s i t e  would n o t  
p e r t a i n  t o  a more general  desc r ip t ion .  Likewise t h e  land area f igu res  are 
more s p e c i f i c  than o the r  d a t a  i n  t h i s  assessment. However, t h e  f i g u r e s  should 
g ive  a reasonable idea  of t he  land area required by any LWR p l a n t .  The s i t e  
p r o p e r ,  i n c l u d i n g  two 1220-MW g e n e r a t i n g  u n i t s  and c o o l i n g  t o w e r s ,  w i l l  
r e q u i r e  8 .9  x lo6 m2 t o  be displaced from o the r  uses f o r  a t  least 30-40 years  
(174 mz/MW-yr, assuming a capaci ty  f ac to r  of 0 .7) .  The c e n t r a l  complex w i l l  
r e q u i r e  1.9 x 106 m2 of  t h e  s i t e ,  only h a l f  of which (20 m2/MW-yr) w i l l  be 
re turned t o  i t s  o r i g i n a l  condi t ion.  Impacts on t h e  land t h a t  would p e r t a i n  t o  
a more general  case include exposure of t h e  subso i l  t o  e ros ion  during t h e  
cons t ruc t ion  phase, u n t i l  revegetat ion occurs ,  and depos i t i on  of chemicals,  

salts  from t h e  cooling towers. Along t h e  t ransmission c o r r i d o r s ,  11.5 
m2 (225 m2/W-yr) of  land w i l l  be displaced from o the r  uses during 

cons t ruc t ion .  Afterwards, less than 0.7 x lo6 m2 w i l l  be unavai lable  f o r  
o t h e r  uses  during t h e  l i f e t i m e  of t h e  p l a n t .  

Caputo gives  a f i g u r e  of 150 m2/MW-yr of land required f o r  t h e  p l a n t  
and f u e l  cycle .3  This f i g u r e  would inc rease  tremendously i f  dep le t ion  of 
high-grade uranium o r e  forces  the mining of lower-grade o re  toward t h e  end of 
t h i s  century.  An a d d i t i o n a l  300-1000 m2/MW-yr of right-of-way i s  required f o r  
a n  assumed 4iW-i68G 'hi of t r ansn i s s ion  l i n e s .  Caputo g ives  an estimate of 4 
m2/MW-yr of land required f o r  r ad ioac t ive  waste s to rage .  T h i s  f i g u r e  dozs zzt 
i nc lude  a s a f e t y  zone around t h e  s torage area proper. t h a t  such land 
would be  committed f o r  a m i l l i o n  years,  a f i g u r e  of 4 x 10 
de r ived .  

B e c h t e l ' s  Energy Supply P l a n n i n g  Model6 ,7 g i v e s  t h e  r e q u i r e m e n t s  
o f  f i xed  and incremental land f o r  several  phases of t he  LWR l i f e  cycle .  Their  
b a s i c  d a t a  are summarized i n  Table 3. Land requirements f o r  t ransmission 
l i n e s  a re  as s t a t e d  i n  Sec.  4.1. Again,  t h e  t r a n s m i s s i o n  l i n e  and f u e l  . 
c y c l e  data must await f u r t h e r  system c h a r a c t e r i z a t i o n  and scena r io  development 
s t u d i e s  before  they can be normalized f o r  u s e  i n  comparative assessment. 

Hub estimates t h e  land required f o r  p l an t  and f u e l  as 1 . 2  x lo6 m2 and 
6.6 x lo5 m2, r e s p e c t i v e l y ,  f o r  30 years  of ope ra t ion  of a 1000-MW LWR.I1 
Assuming a capac i ty  f a c t o r  of 0 .7 ,  land requirements f o r  t he  p l an t  and f u e l  
hand l ing  are 57 and 31 m2/bfW-yr, r e spec t ive ly .  



12  

Table 3. Land Requirements f o r  LWR 

F a c i l i t y  
Fixed Land Incremental Land 

(m2) (m2/yr) 

Surface uranium mine 

Underground uranium mine 

Uranium m i l l  

Uranium conversion 

Uranium enrichment 

Fuel f ab r i ca t ion  

(1200 t /day)  

(500 t / day) 

( 1000 t / day 

(1000 t /day)  

(8 750 t / y r  

(600 t / y r  w/o Pu 
recycle;  150 t / y r  
with recyc le)  

(1500 t / y r )  

(3000 c a n i s t e r s  / y r  

Spent fue l  reprocessing 

High-level waste d isposa l  

LWR p lan t  (1100 MW) 

8 x 103 

8 103 

4 104 

2 105 

1.2 x 106 

2 105 

1 . 2  x 106 

1.0 x 106 

2.6 x 106 
(113 m2/MW-yr) 

4.4 L I Q U I D  METAL FAST BREEDER REACTOR 

A good d iscuss ion  of t he  land requirements of t he  l i q u i d  metal  f a s t  
breeder  r eac to r  (LMFBR) i s  presented i n  the  proposed f i n a l  environmental 
s ta tement  f o r  t he  LMFBR program.12 The p l an t  s i t e  would r e q u i r e  a minimum of 
1 .6  x lo6 m2 (76 mz/MW-yr), inc luding  0.14 x 106-0.20 x106 m2 f o r  t h e  p l an t  
i t s e l f  (assumed to  be r a t ed  a t  1000 MW with a 30-yr l i f e t i m e  and capac i ty  
f a c t o r  of 0 .7) .  The minimum f i g u r e  assumes once-through cool ing a t  a l ake  o r  
r i v e r .  A r t i f i c i a l  cool ing ,  i f  r equ i r ed ,  would add up t o  8 x lo6  m2 more. 
Ty i c a l l y ,  about 80 km of t ransmission l i n e s  would be r equ i r ed ,  using 4.25 x 
I O g  m2 (200 m2/MW-yr) of  right-of-way. Nearly a l l  of t h i s  s i t e  and t rans-  
m i s s i o n  l a n d  cou ld  be r e s t o r e d  t o  a l t e r n a t i v e  u s e  a f t e r  p l a n t  decommis- 
s ion ing .  The environmental s ta tement  a l s o  comments t h a t  these  land requi re -  
ments w i l l  not be s i g n i f i c a n t l y  d i f f e r e n t  f o r  LMFBR, LWR, and coa l  p l a n t s  of 
equiva len t  s i z e .  

E s t i m a t e s  a l s o  a r e  g i v e n  of  t h e  l a n d  r e q u i r e d  f o r  s e v e r a l  p h a s e s  
o f  t h e  f u e l  cyc le ,  The f u e l  f a b r i c a t i o n  and f u e l  reprocess ing  p l a n t s  de- 
s c r ibed  i n  the  statement each have a capac i ty  of  5 t / d a y ,  adequate t o  serve  
about 80 power p l an t s  of 1000 MW each. The f u e l  r ep rocess in  and f u e l  f a b r i -  

d u r i n g  t h e  l i f e t i m e  of t h e  f a c i l i t y .  T h i s  l a n d  c o u l d  r e v e r t  t o  o t h e r  
c a t i o n  p l a n t s  would each r equ i r e  about 4 x lo6 m2 (190 m 5 /MW-yr) of land 



uses a f t e r  decommissioning. The f u e l  reprocessing p l an t  would also r e q u i r e  
0 .4  x lo6 m2 (19 m2/MW-yr) of permanently committed land ,  not  r e tu rnab le  t o  
o t h e r  uses .  Land requirements fo r  rad ioac t ive  waste s to rage  would l ikewise  
encompass both temporary and permanent commitments. Each b u r i a l  ground f o r  
low-level waste would occupy about 0.4 x lo6  m2 (19 m2/MW-yr), considered a 
permanent commitment of land .  F a c i l i t i e s  f o r  s to rage  of high-level  waste 
a lpha waste,  and noble gases  would each r e q u i r e  a s i te  a rea  of about 6 x 10 
m2 (285 rnP/MW-yr). The f a c i l i t i e s  themselves would occupy about 0.6 x lo6 m2 
(30 m2/MW-yr) of t h e i r  s i tes.  These 0.6 x lo6-m2 land commitments would be 
e s s e n t i a l l y  permanent. The capac i ty  of t he  waste d i sposa l  f a c i l i t i e s  i s  not  
noted i n  terms of the  number of generat ion p l a n t s  served by each. Hence, 
f u r t h e r  i n v e s t i g a t i o n  i s  needed before the  d a t a  can be normalized f o r  com- 
p a r a t i v e  assessment. 

6 

Bechtel '  s Energy Supply Planning Model6 3 7  provides  some d a t a  t h a t  
a r e  usefu l  f o r  comparison with the  f igures  above. A f u e l  f a b r i c a t i o n  
wi th  output  of 315 t / y r  would r e q u i r e  a f ixed land commitment of 0.4 x 10 m2. 
A f u e l  reprocessing p l an t  with output of 950 t / y r  would r equ i r e  1 . 2  x lo6 m2 
o f  f ixed  land.  A 1000-MW LMFBR would r equ i r e  2.8 x I O 6  m2 (133 m2/MW-yr) 
of  f ixed land. The du ra t ion  of these  land commitments i s  not i nd ica t ed .  The 
land requirements fo r  some o the r  aspects  of t he  f u e l  cyc le  and fo r  t rans-  
mission l i n e s  are a s  s t a t e d  e a r l i e r  i n  Sect ions 4 .1  and 4.3. 

tant 

4.5 TERRESTRIAL SOLAR PHOTOVOLTAICS 

The S o l a r  Program Assessment f o r  p h o t o v o l t a i c s 1 3  g i v e s  e s t i m a t e s  
of  t he  land area  requi red  fo r  an assortment of c e l l  types and e f f i c i e n c i e s .  
For an equiva len t  power ou tpu t ,  t he  most important v a r i a b l e  governing land 
a r e a  needed fo r  a t e r r e s t r i a l  photovol ta ic  (TPV) system i s  the  c e l l  e f f i -  
c iency .  An a r r a y  of cadmium s u l f i d e  c e l l s  a t  8% e f f i c i e n c y  would r equ i r e  a 
land area of 11 .7  x 106 m2 t o  produce a 1000-MW peak output .  S i l i c o n  c e l l s  a t  
10% e f f i c i e n c y  would r equ i r e  8 .8  x 106 m2; a t  16% e f f i c i e n c y ,  5.8 x lo6 m2. 
G a l l i u m  aluminum arsenide  c e l l s  a t  17% e f f i c i e n c y  would r equ i r e  5.4 x lo6 m2. 
Assuming a 30-yr p l an t  l i f e t i m e  and capac i ty  f a c t o r  of 0 .3 ,  t hese  land re- 
quirements a r e  1300, 980, 660, and 600 m2/MW-yr, r e spec t ive ly .  These s imple 
land area f i g u r e s  do no t ,  however, s t a t e  wel l  t he  a c t u a l  land impact. I n  the  
c a s e  of t he  CdS and S i  c e l l s ,  the  shadowed a reas  beneath and between the  
a r r a y s  of c e l l s  wouid be sui table  fcr m,t l l t iple  uses ,  such as bu i ld ings  o r  
graz ing .  Thus, t h e  a c t u a l  land d is turbance  could be minimal. I n  the  case of 
t h e  G a A l A s  c e l l s ,  however, t he  use of concent ra tors  would r e q u i r e  t h e  use of 
t h e  m e t a l l i c  s t r u c t u r a l  frame f o r  pass ive  cool ing.  The frame temperature 
would reach 5O-10O0C, e f f e c t i v e l y  precluding any o t h e r  human or animal u s e  of 
t h e  land beneath the  a r r ays .  I n  any case ,  t he  land commitment would be only 
f o r  t h e  l i f e t i m e  of t he  p l a n t .  

Caputo3 a l s o  c i t e s  somes f igu res  f o r  photovol ta ics .  Assuming a s i l i c o n  
c e l l  des ign  of unknown e f f i c i e n c y  and capac i ty  f a c t o r ,  t he  land a rea  required 
by t h e  p l an t  a lone i s  3800 m2/MW-yr. The required length  of t ransmission 
l i n e s  i s  480-4800 km, r equ i r ing  300-3000 m2/MW-yr of land. The most l i k e l y  
l o c a t i o n  f o r  t he  p l an t  would be i n  t h e  Southwest reg ion ,  where i n s o l a t i o n  i s  
h i g h ,  t h e  cos t  of land i s  r e l a t i v e l y  low, and the re  a r e  fewer uses  of the  land 
t h a t  would be d i f f i c u l t  t o  d i sp l ace .  
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4.6 TERRESTRIAL SOLAR THERMAL ELECTRIC 

The Solar Program Assessment fo r  s o l a r  thermal e l e c t r i c  (STE) p l an t s  14 
p resen t s  s i x  estimates of t h e  land a rea  requi red  by a STE c e n t r a l  r ece ive r  
("power tower"). The estimates range from 2.4 t o  6.0 x lo6  m2 per 100 MW 
p l a n t  (2660-6650 m2/MW-yr , assuming a 30-yr l i f e t i m e  and capac i ty  f ac to r  of 
0 . 3 ) .  A loca t ion  i n  the  Southwest region i s  assumed. A l a r g e r  a rea  would be 
requi red  away from the  optimal l oca t ion  due t o  t h e  reduced a v a i l a b i l i t y  of 
d i r e c t  r ad ia t ion .  The land must be f l a t  o r  only s l i g h t l y  sloped; otherwise,  
c l e a r i n g  and grading opera t ions  would be necessary.  I n  the  assumed Southwest 
reg ion ,  t h e  major land uses l i k e l y  t o  be displaced by t h i s  technology include 
a g r i c u l t u r e ,  g raz ing ,  and r ec rea t ion .  Most of t h e  prospect ive s i tes  are i n  
a r i d  regions,  used more for  grazing than fo r  a g r i c u l t u r e .  However, l i t t l e  
economic impact i s  an t i c ipa t ed ,  due t o  the  abundance of o the r  similar land 
t h a t  may be used f o r  these  purposes. 

Caputo3 gives  f igu res  t h a t  may be compared with those above. For 
a 100-MW p lan t ,  t he  mirrored a rea  i s  given as 1 .3  x 106 m2. Assuming a ground 
cover r a t i o  of 30% and an annual load f a c t o r  of 70%, Caputo computes a land 
requirement of 2000 m2/MW-yr for  the c e n t r a l  p l an t .  The t o t a l  s i t e  area fo r  a 
100-MW p l a n t  would be  4 . 3  x 106 m2, a b o u t  i n  t h e  midd le  of  t h e  r a n g e  o f  
estimates noted e a r l i e r .  The land a rea  required f o r  t ransmission l i n e s  would 
be  comparable t o  t h a t  required by s o l a r  photovol ta ic  p l a n t s ,  300-3000 m2/MW- 
Y r  * 

4.7 OCEAN THERMAL ENERGY CONVERSION 

Given the  system boundaries as def ined e a r l i e r  ( p l a n t ,  f u e l  cyc le ,  
and transmission) , excluding secondary e f f e c t s ,  t h e  only por t ion  of an ocean 
thermal energy conversion (OTEC) system t h a t  has  an impact on land use i s  the  
conventional land-based t ransmission system. I n  only one re ference  w a s  an 
es t imate  given for  the  length of t ransmission l i n e s  a t t r i b u t a b l e  t o  an OTEC 
s y s t e m .  I n  performing a ne t  energy ana lys i s  on OTECT5, t h e  authors  assumed 
overland transmission t o  be by AC l i n e s  f o r  about 480 km. By comparison 
with the  f igures  noted i n  o the r  s ec t ions  f o r  l i n e s  of t h i s  length ,  a land 
requirement of 300 m2/MW-yr i s  assumed. 

4 .8  SATELLITE POWER SYSTEM 

The t w o  most i m p o r t a n t  l and  u s e s  o f  c o n c e r n  i n  a s a t e l l i t e  power 
system (SPS) a re  a reas  f o r  launching cargo and personnel from e a r t h  t o  low 
e a r t h  o r b i t  and s i t e s  f o r  t h e  r e c t e n n a s .  To d a t e ,  c o m p a r a t i v e l y  l i t t l e  
a t t e n t i o n  has  been paid t o  launch areas. Much more work has  gone i n t o  the  
eva lua t ion  of rectenna s i t e s .  

The launch a rea  requi red  f o r  SPS cons t ruc t ion  i s  a f f e c t e d  by both 
t h e  frequency of the  launches and t h e  design of t h e  launch veh ic l e s .  Although 
t h e  cons t ruc t ion  scenar io  i s  a t  bes t  hypo the t i ca l  a t  t h i s  e a r l y  s t age  of 
ana lys i s ,  i t  w i l l  apparent ly  r e q u i r e  many more f requent  launches than  t h e  
space program has handled so f a r .  A l a r g e r  number of s imultaneously usable  
l aunch  s i t e s  w i l l  t h u s  be  r e q u i r e d .  The heavy  l i f t  l a u n c h  v e h i c l e  w i l l  
be  much l a r g e r  than veh ic l e s  launched so f a r ,  hence w i l l  r e q u i r e  a l a r g e r  
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launch s i t e .  One source has  estimated the land a r e a  required f o r  t h i s  purpose 
a t  20 x 106-850 x lo6 m2 depending on the  veh ic l e  design.16 It has been 
assumed so f a r  t h a t  t he  launch a rea  requirement could be m e t  by expansion of 
t h e  Kennedy Space F l i g h t  Center f a c i l i t i e s ,  but  it may become necessary t o  
develop an add i t iona l  launch loca t ion .  Resolution of t h e s e  quest ions must 
await f u r t h e r  system c h a r a c t e r i z a t i o n .  

The g r e a t e s t  requirement fo r  land i n  an SPS i s  f o r  rectenna s i tes .  
I n  the  cu r ren t  reference concept, 60 rectenna s i tes  are needed. Each rectenna 
would be i n  t h e  shape of an e l l i p s e ,  about 10 x 1'3 km.I7 The analyses i n  
Refs. 1 and 2 are based on a 9 x 13-km e l l i p s e .  A 2-km buf fe r  zone sur- 
rounding the  rectenna proper would expand t h e  e l l i p s e  t o  13 x 1 7  km. Each 
s i t e  would r e q u i r e  about 2 x IC8 g2 (1480 m2/MW-yr, assuming a 30-yr l i f e t i m e  
and c a  a c i t y  f a c t o r  of 0.9); t h e  60 s i tes  would thus  r e q u i r e  abouc 1.2 A 

1O1O mp of land. Each s i t e  i s  s ized for  5 GW o f  power output .  Transmission 
f a c i l i t i e s  and access roads ou t s ide  the rectenna s i tes  would add some land 
area t o  t h i s  f i gu re .  Caputo3 has estimated a t ransmission land require-  
ment of  300-1000 m2/MW-yr f o r  480-1600 km of  l i n e  l e n g t h ;  however,  t h i s  
c h a r a c t e r i z a t i o n  i s  very t e n t a t i v e .  The most important determinant of t h i s  
e x t r a  land area i s  the  rectenna loca t ion .  Remote l o c a t i o n s  w i l l  r e q u i r e  
longer t ransmission l i n e s ,  hence more land a rea  than l o c a t i o n s  nearer  t o  load 
c e n t e r s .  

Given t h e  land requirement for t he  rectennas,  a major quest ion i s  
where such a requirement can be f u l f i l l e d .  What c h a r a c t e r i s t i c s  should the  
land have o r  not have? Where i s  such land located? A j o i n t  e f f o r t  by Black- 
burn and Bavinger,2 of Rice Universi ty ,  and Allan D .  Kot inl  has  explored 
t h e s e  quest ions.  Their study attempted t o  i d e n t i f y  e l i g i b l e  areas f o r  rec- 
tenna s i t e s .  The f i r s t  s t e p  i n  t h e i r  methodology w a s  t h e  i d e n t i f i c a t i o n  of 

exc lus ion  v a r i a b l e s  ,I' c r i t e r i a  t h a t  would d e f i n i t e l y  o r  p o t e n t i a l l y  exclude 
an area of land from considerat ion.  Data f o r  t h e  exclusion v a r i a b l e s  were 
c o l l e c t e d  and mapped f o r  t h e  cont inental  U.S. By overlaying t h e  m a p s  fo r  
s e v e r a l  exclusion v a r i a b l e s ,  t h e  e l i g i b l e  areas remaining, given t h a t  combi- 
n a t i o n  of v a r i a b l e s ,  could be i d e n t i f i e d .  The study e x p l i c i t l y  involved only 
l a rge - sca l e  mapping. Hence, t o  a c t u a l l y  q u a l i f y  a rectenna s i t e  i n  an eli- 
g i b l e  area would r e q u i r e  the  more d e t a i l e d  a p p l i c a t i o n  of l o c a l  s i t i n g  c r i -  
t e r i a .  Refs. 1 and 2 present  the exclusion c r i t e r i a  t h a t  were e s t ab l i shed  i n  
t h e  i n i t i a l  e f f o r t  and the  r e s u l t s  of s eve ra l  map exe rc i se s .  It  i s  hoped t h a t  
f u r t h e r  work will be p z s s i h l e  i n  r e f in ing  the l i s t  of exclusion c r i t e r i a  and 
t h e  mapping of d a t a ,  t hus  producing somewhat more c e r t a i n t y  i n  che cui is lusisns  
r ega rd ing  e l i g i b l e  areas. To t h e  extent  t h a t  t h i s  work cont inues,  it w i l l  
provide valuable  input t o  f u t u r e  phases of t he  comparative assessment. 

II 



5 CONCLUSIONS AND RECOMMENDATIONS 

In order to assess the land use of an SPS in comparison to other 
technologies, a consistent methodology for the assessment and a complete and 
consistent data base for all of the technologies are needed. This paper 
presents a methodology for performing the assessment, investigates the 
availability of data, and performs a preliminary assessment of what is known 
on the basis of readily available data. 

A summary of the land requirements for the eight technologies studied 
here is given in Table 4 .  The table is arranged as a matrix of land require- 
ment by cec'nnoiogy a d  -,urgoae n f  ese, identifying also the duration and 
location of use where known. For most technologies and purposes, explicit 
data on the duration and location of land use are missing in this preliminary 
assessment. In some cases these deficiencies may be remedied by reasonable 
assumptions that would not be explicitly cited in the documents studied. For 
example, one may often assume a plant lifetime of 30-40 years. In some 
studies, such an assumption was explicitly stated, and is so represented in 
Table 4 .  Other data deficiencies, categorized by purpose of use, include: 

0 

0 Fuel - for LWR; 
0 Waste Disposal - for CG/CC and LMFBR; 
0 Transmission - for SPS. 

Construction - for most technologies; 

Some of these deficiencies may be remedied by extrapolation from 
other data. For example, land for construction is probably approximately the 
sum of plant and transmission requirements. For transmission lines, the land 
required during construction can probably be correlated with the length and 
voltage of the lines. Further system characterization studies should thus 
help to remedy these deficiencies. 

Similar studies should also help to fill in many of the indicated 
location deficiencies, for the problem is not that it is not known where the 
facilities could be built, but in choosing suitably characteristic locations 
to enable a fair comparative assessment to be done. 

For this study, no attempt was made to prorate such facilities as 
fuel processing and waste disposal where such allocation was not made in the 
literature. Thus, for some of the indicated deficiencies for the coal and 
nuclear technologies, information is available, but some work is still re- 
quired to convert it to a comparative form. 

Another problem with the available data is the disparity in the way 
units of measure are normalized by plant size. As seen in the previous 
discussions, the surveyed literature presented land requirements in various 
units, for example, m2/MW, m2/MW-yr, and m2-yr/1012 J. Mutually consistent 
units could be calculated from the published data if such numbers as plant 
lifetime, capacity factor, and fuel heat rate were known. Often, though, 
there is no explicit statement of these values. Thus, it is not possible to 
get behind the published final numbers to the basic numbers used, or to 
compute different units of measure with certainty. Some normalization has 
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Table 4 .  Summary of Land Requirements 

Purpose  C o n s t r u c t i o n  P l a n t  Fue 1 D i s p o s a l  T r a n s m i s s i o n  

CG/CC - 
Q u a n t i t y  --a 7.2-150 m2/MW-yr 1800-4520 5 m2/MW-yr 300 m2/MW-yr 

D u r a t i o n  --c 30 y r  30 y r  --c 30 y r  

Locat i o n  

m2/ m- y r  (480  I a r ~ ) ~  

--c --c --c --c --c 

FBC ~ - 
Q u a n t i t y  --a 5 .2-16 .8  m2/MW-yr --c 1 . 4  m2/MW-yr 300 m2/MW-yr 

(assume same a s  
combined c y c l e )  

D u r a t i o n  -- c 30 y r  

L o c a t i o n  --c --c 

LWR - 
Q u a n t i t y  

D u r a t i o n  

L o c a t i o n  

LMFBR - 
Q u a n t i t y  

D u r a t i o n  

L o c a t i o n  

51-174 m2/MW-yr 31 mz/MW-yr 4m2/MW-yr 225-1000 --a 
m2/MW-yr (480-1600 

30-40 y r s  30 y r  I O 6  y e a r s  30-40 y r s  
(20 m=/nw-yr 
“permanent“  ) 

--c 

- -c  --c --c --c --c 

ZOO m 2 / m - y r  76-133 m2/MW-yr 5 m2/MW-yr --c _ _ a  
( p l a n t  l i f e -  ( 8 0  km)b  
t i m e )  and 
.25 mZ/MW-yr 
( p e r m a n e n t )  

--c 30 y r  --c --c 30 y r  

--c - -c  --c --c --c 

TPV - 
Q u a n t i t y  

D u r a t i o n  

L o c a t i o n  
- 

STE - 
Q u a n t i t y  

D u r a t i o n  

L o c a t i o n  

--a 600-3800 m2/MW-yr n e g l d  neg 1‘ 300-3000 
m2 / MW- y r  ( d e p e n d i n g  on c e l l  

e f f i c i e n c y  and (480-4800 km)b 
c a p a c i t y  f a c t o r )  

--c 30 y r  N A ~  N A ~  30 y r  
--c Southwes t  NA NA --c 

--a 2260-6650 m2/MW-yr n e g l d  n e g l d  300-3000 
m2 IMw- y r  

480-4800 

--c 30 y r  NA NA 30 y r  

--c Southwes t  NA NA --c 

OTEC - 
Q u a n t i t y  

D u r a t i o n  

L o c a t i o n  

SPS - 
Q u a n t i t y  

D u r a t i o n  

L o c a t  i o n  

--a neg 1 

--c N A ~  

--c N A ~  

neg n e g l d  300 m2/MW-yr 
(480  

NAe N A ~  30 y r  

NA NA --c 

20-850 km2 1480 m2/MW-yr n e g l d  n e g l d  300-1000 m2/EIW-yr 
( l a u n c h )  ( r e c  t e n n a )  t (480-1600 

30 y r  30 y r  N A ~  N A ~  30 y r  
-- c NA NA F l o r i d a ?  --c 

aApproximate ly  t h e  sum o f  p l a n t  and t r a n s m i s s i o n  r e q u i r e m e n t s .  

b D i s t a n c e  t o  load  c e n t e r .  

C D a t a  l a c k i n g ;  some c a t e g o r i e s  a r e  d i s c u s s e d  i n  t e x t .  

d N e g l i g i b l e .  

e N A  - Not a p p l i c a b l e .  

f I n c l u d e s  b u f f e r  zone; r e c t e n n a  p r o p e r  o c c u p i e s  a b o u t  50% of t o t a l .  
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been done in Table 4 by assuming values for plant lifetimes and capacity 
factors. These assumptions should not, however, be taken as conclusive 
determinations. 

Some preliminary comparisons of the technologies may be made from 
the data in Table 4 .  The solar technologies require much more land area 
for their central plants (for the rectennas in the case of an SPS) than 
do the coal or nuclear technologies. The smallest plant area is required 
by the coal options. However, unlike the solar options, the coal and nuclear 
options require substantial amounts of land for fuel mining, fuel processing, 
and waste disposal. The land required for transmission depends strongly 
on the assumed line length, hence on the assumed location of the plant 
reiativt: to ?szd centers .  Lacking more detailed system characterizations, 
the preliminary data indicate that the transmission requ;reiiiszts cecld he 
roughly comparable for all technologies. 

Though the quantities in Table 4 are normalized to the same Enits 
(m*/MW-yr), it would be misleading to use the sum of each row for comparison 
as a "total" land requirement. For example, land for construction largely 
duplicates land for the plant and transmission lines, hence should not be 
added. For another example, the land required for nuclear waste disposal is 
of much greater importance than its small numerical value ( 4  m2/MW-yr) would 
signify, because of the extremely long duration of use of this land. More 
meaningful quantitative comparisons will be possible after further studies 
based on scenarios. 

Further, not just the quantity and duration of land use, but also 
its geometry and location, are important in comparative assessment. For 
example, a quantity of land required for an SPS rectenna differs in importance 
from the same quantity distributed along the length of a transmission line. 

For the final comparative assessment of land use, it is recommended 
that the major effort be devoted to consistent system characterization to fill 
in the land-use matrix for the technologies to be included. Such a set of 
consistent numbers is a prerequisite for a fair comparison of impacts. 
Specific attention should be given to: 

Consistency in the units of measure; 

Explicit statement oi the  assm.~.pt-ions used in arriving 
at normalized figures; 

Breaking down the land requirements by purpose of use; and 

Filling in the areas of greatest data deficiency. 

0 
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