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G u e s t E d i t o r i a l 

This  Special  Issue  of  the  Journal  of  Arid Land  Studies  contains  a 
proceedings  of  the  International  Conference on  Desert  Technology  III  held 
October  15-20  at  Lake  Motosu,  near  Ht.  Fuji,  Japan. 

The  invited  special  paper  presentations  were  of  20  din.  duration,  denoted  by  *, 
while  other  oral  papers  were  of  15  rain.  duration. 

The  draft  manuscripts  of  most  of  the  oral  76  papers,  including  the  invited 
special  papers,  were  submitted  by  June  30,  1995.  The  full  manuscripts  of  the 
papers  were  reviewed  by  two  (or  three;  third  referee  was  added  when  the  two 
judges  were  conflict  each  other)  anonymous  reviewers  prior  to  the  conference. 
The  manuscripts  revised  based  on  the  reviewers'  comments  were  submitted  again 
and  fortunately  all  submitted  were  finally  accepted  for  publication  after 
peering  into  them  during  the  conference,  excepting  papers  withdrawn  upon 
authors'  requests. 

The  full  manuscripts  of  the  poster  28  presentations  were  voluntary,  but,  same 
review  processes  as  above  were  also  conducted  for  the  submitted  manuscripts. 

A  smaller  number  of  papers  denoted  by  +  as  "This  paper  did  not  receive  a  full 
review."  were  specially  edited  for  publication  without  review  process.  This  was 
not  caused  by  their  contents,  but  by  their  late  submission  or  nailing  trouble. 

The  guest  editorial  board  acknowledges  the  valuable  contributions  from  the 
following  reviewers     

Mexico Japan 
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Dr.  E.  Adar,  Ben-Gurion  Univ   Dr.  V.  Raghavan,  Asia  Consu1.  Co   
Prof.  A.  Richmond,  Ben-Gurion  Univ   Mr.  K.  Satake,  Maeda  Const.  Co   

Australia Mr.  K.  Yuki,  Ebara  Co   
Prof. L.A.G.  Aylmore,  Univ.  N.  Australia   Prof. H.  Ozaki,  Maebashi-City  Co1   
Hr.  A.  Williams,  HA  Dept.  Agriculture   Mr.  Y.  Taki,  Mitsubishi  Chem..  Co   
Prof.  B.  Svendsen,  Kalgoorlie  College   Prof.  T.  Yamaguchi,  Univ.  Tsukuba   
and  various  contributions  from  the  other  members  of  local  organizing  committee     
Profs.  &  Personal  Contributors:  S.Kat0,  Tokyo  Ag.  U.;  S-uemiya,  Seikei  U.; 
S.Matsumot0,  H.Koiniyama,  K.Yanada,  Tokyo  U.;  T.Yoshikawa,  Meteor.  1.;  Y.NittaNitta, 
CRIEPI;  1.Ushiyama,  Ashikaga  Tech.;  T.Kobayashi,  Food  1.;  H.Toyania.  S.1nanaga, 
Tottori  U.;  Y.Kakubari,  S.Hatsuda,  Shizuoka          Y ・ Ito;  R ・ OShiumi 

Companies  (Dr.,  Mr.,  Hs.):  H.Maegait0,  Shiraizu;  Y.  Ikeda.  Ikeda  Office;  T.Mori, 
Uizin;  R.Nakata,  Obayashi;  K.Kawashiina,  Kao;  T.Hattori,  T.Abik0,  Tokyo  Gas; 
R.Soma,  Kubota;  M.Ashiroori,  T.Yaniada,  TRT;  M.Yamaiaot0,  Takenaka;  S.Nakagawa, 
T.0shitani,  Toho  Gas;  S.Shibata,  Nikki;  Y.Sugawara,  Horikita  Pub.;  K.Kohashi, 
Kumagai;  E.Kiyotani,  Toyo>  Denka; T.Nishioka,  Tokyu  Const.;  H.Tokuni,  Noukou 
Kensetsu;  Y.Shinmi,  Env.  EEng.;  Y ･ Kuwan0,  Sanyo;  ,  Nippon  Cat.;  T.Yamazaki,  Toto 

Others  (fir.):  T.0kabayashi,i,  RITE; M.0ta,  SCEJ;  H.Futami,  H.0zawa,  JGA 
Nov.  2,  1995, The  Guest  Editorial  Board 

Y. Abe,  V.  Raghavan,  1.  Endo 
K.K.  Tanji,  and  T.  Kojima 

for  the  special  issue  of  Desert  Technology  III 
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The  Japanese  Association  for  Arid  Land  Studies  in  cooperation  vith  Engineering  Foundation   
ffith  the  grant  of  The  Commemorative  Association  for  the  Japan  Vorld  Exposition  (1970),   

AEON  Group  Environment  Foundation,  and  Japan  Society  for  the  Promotion  of  Science. 
Under  the  auspices  of  The  Environment  Agency,  Japan  and  Yamanashi  Prefecture   
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Fuji  Hotosuko  Hotel:  Lake  Hotosu,  Kamikuishiki-mura Sun 由 y ， 仇 t   15,  1995 
Nishi-Yatushir0-Gun,  Yamanashi  409-37  Japan 18:00- Registration,  Dinner  &  Welcome  Reception 

Tel:  +81-555-87-2300.  Fax:-2330 21:00- Social  Hour  &  Free  Discussion 
Tokyo  Office:  +81-3-3574-0012  or  1388,  Fax:-1393 肋 M 即 ， 此 t ・ 乃 ， 1995 

Organized  by  Japanese  Assoc.  for  Arid  Land  Studies 07:30 Breakfast 
c/o  R1KEN,  2-28-8  Honkoinagome,  Bunky0,  Tokyo  113  Japan 08:30-08:50  Opening  &  Overview(o) 

Tel:  +81-3-3947-7708,  Fax:-8389 08:50-12:45  Horning(El)  &  Before  noon(E2)  Sessions 
Supported  by.  The  Energy  Conservation  Center; (Break,  10:30-45) 
Japan  Agricultural  Land  Development  Agency; Lunch  (Local  organizing  committee's  meeting)  &  Free 
Center  for  Environmental  Information  Sci.; (14:00-  Mini  Tour  to  Mountain  Sites) 
The  Foundation  for  Earth  Environment;  Assoc.  Sahel; 17:00-18:00 Social  Hour.  18:00-19:30  Dinner 
A  Monthly  Magazine,  PPH;  The  Soc.  Chem.  Eng.,  Japan; 19:30-21:30  Night  Session(Bl) 
The  Mining  and  Materials  Processing  Inst.,  Japan; 21:30- Social  Hour  &  Free  Discussion 
Soc.  Environmental  ScL,  Japan;  The  Chem.  Soc.  Japan; 
Japanese  Soc.  Irrigation,  Drainage  &  Reclamation  Eng.; 
Japan  Soc.  of  Civil  Eng.;  Japan  Solar  Energy  Soc.; 
Japan  Soc.  Energy  &  Resources;  The  Japan  Inst.  Energy; 
The  Japan  Petroleum  Inst.;  The  Japanese  Forestry  Soc.; 
The  Soc.  of  Powder  Techno1.,  Japan;  The  Soc.  Sea 
Water  Sci.,  Japan;  The  Geochem.  Soc.  Japan 
Sponsored  by.  Japanese  Association  for  Arid  Land 
Studies;  Seikei  University  (Other  than  the  above) 
conference  c0-chairmen 
Prof.  Toshinori  Kojima,  Seikei  Univ.,  Japan 

(phone:  +81-422-37-3750;  fax:  +81-422-37-3871) 
Prof.  Kenneth  K.  Tanji,  Univ.  California,  USA 
Prof.  Isao  End0,  RIKEN,  Japan 
international  advisory  board> 
Prof.  Alan  T.  Bul1,  Univ.  of  Kent,  UK 
Prof.  Kennith  E.  Foster,  Univ.  of  Arizona,  USA 
Prof.  Uwe  Sprenge1.  DLR  e.V.,  Stuttgart,  Germany 
Prof.  Aroos  Richmond,  Ben-Gurion  Univ.,  Israel 
Prof.  Eilon  Adar,  Ben-Gurion  Univ.,  Israel 
Prof.  Andre  Lauchli,  Univ.  of  California,  USA 
Dr.  Steven  0.  Link,  Battelle  Pacific  NH  Lab.,  USA 
Dr.  Anson  E.  Thompson,  USDA-ARS,  Phoenix,  USA 
Dr.  James  A.  Young,  USDA-ARS,  Ren0,  Nevada,  USA 
Prof.  Geoff  C.  Pickup,  CSIR0,  Australia 
Prof.  Chaitat  Pairintra,  Khon  Kaen  U.,  Thailand 
Prof.  Xia  Xun  Cheng.  Inst.  Desert  Res.,  CAS,  PRO 

<@ZoCal  Qng 初 j タゴ   com 可ゴ Eftee> 
Chairman:  は r ・ Kunjyu ヒ i  Yuki ， Ebara  Co   
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川 eS 仇 y ， O ぬ ・ J/ ， J 孤万 
07:30 Breakfast 
08:30-12:45  Horning(B2)  &  Before  noon(Rl)  Sessions 

(Break,  10:30-45) 
Lunch  (International  committee's  meeting)  &  Free 

(14:00-  Mini  Tour  to  Lake  Sites) 
17:00-18:00 Social  Hour,  18:00-19:30  Dinner 
19:30-21:30  Night  Session(R2) 
21:30- Social  Hour  &  Free  Discussion 
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07:30 Breakfast 
08:30-12:45  Horning(Al)  &  Before  noon(A2)  Sessions 

(Break,  10:30-45) 
(10:00-  Spouses'  Fullday  Tour  to  Hinobu  Temple) 

Lunch  (Local  organizing  committee's  meeting) 
14:00-16:00  Afternoon  Session(V:Posters  &  Videos) 
16:00-18:00  Evening  Session(Ll) 
18:00-19:30  Dinner 
19:30-21:30  Night  Session(LZ) 
21:30- Social  Hour  &  Free  Discussion 

川 MS 仇 L  此 t ・ め， J%5 
07:30 Breakfast 
08:30-12:45  Horning(Cl)  &  Before  noon(C2)  Sessions 

(Break,  10:30-45) 
Lunch  (International  organizing  committee's  meeting) 
14:00- Conference  Tour  (Winery  Visit  &  Dinner) 
21:00- Social  Hour  &  Free  Discussion 

片 Jd 即 ， 仇 L  % ， F 巧 
07:30 Breakfast 
08:30-12:20  Morning(Wl)  &  Before  noon(H2)  Sessions 

(Break,  10:30-45) 
12:20- Future  Plan  &  Closing(o),  Lunch 
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P r e f a c e 

Desert  Technology  III 
Desertification  (land  degradation)  is  of  world  wide  concern   The  process  of 

desertification  occurs  on  70%  of  drylands,  3.6  billion  hectares  or  a  quarter  of 
the  total  land  surface  of  the  world.  The  aim  of  Desert  Technology  conferences, 
held  biennially  since  1991,  is  to  provide  a  forum  to  address  the  science  and 
technology  to  sustain  a  habitable  environment  in  arid  regions.  This  forum 
provides  an  opportunity  for  diverse  disciplines  involved  in  the  utilization  and 
effective  development  of  resources  in  arid  regions,  and  protection  against 
desertification  and  land  degradation. 

Desert  Technology  III  was  held  October  15-20,  1995  at  Lake  Motosu,  one  of 
five  lakes  at  the  base  of  Mt.  Fuji,  Japan.  This  international  conference  was 
organized  by  the  Japanese  Association  of  Arid  Land  Studies  in  cooperation  with 
the  U.S.  Engineering  Foundation,  with  grants  from  The  Commemorative  Association 
for  the  Japan  World  Exposition  (1970),  AEON  Group  Environment  Foundation,  and 
The  Japan  Society  for  the Promotion  of  Science  under  the  auspices  of  The 
Environment  Agency,  Japan and  Yaroanashi  Prefecture. 

The  conference  was  chaired  by Professor  T.  Kojima,  Seikei  University,  Japan 
and  c0-chaired  by  Professor  K.K,  Tanji,  University  of  California,  Davis,  USA  and 
Professor  1.  End0,  RIKEN,  Japan   They  were  ably  assisted  by  the  members  of  the 
international  advisory  board;  Professor  Y.  Abe,  University  of  Tsukuba,  Japan, 
chair  of  the  program  committee;  Mr.  K.  Yuki,  Ebara  Corp.,  Japan,  chair  of  the 
local  organizing  committee;  Prof.  1.  Kobori  and  Mr.  T.  Nagahaiaa,  President  and 
Head  Officer  of  the  Japanese  Association  of  Arid  Land  StStudies;  the  other  members 
of  the  local  organizing  conimittee;  Ms.  P.  Yamada,  Mitsuisui  Const.  C0.;  Prof.  M. 
Ozaki,  Maebashi  City  Co1.  Tech.;  Y.  Hirosawa,  Shimizu  CoC0.;  Staffs  and  students 
of  Seikei  Univ.  and  Labs.  of  Prof.  Kojima  and  Prof.  Abe;)e;  students  from  Kyoto  and 
Tokyo  Univs.;  Suntory  Winery  staffs;  and  Hotel  staffs,  for  registration  and 
conference  proceedings. 

The  format  of  Desert  Technology  III  consisted  of  morning  and  evening  sessions 
with  the  afternoons  devoted  to  field  and  sighting  trips  as  well  as  informal 
discussions  (see  attached  program).  The  sessions  covered  topics  on  Energy  and 
Desalination,  Biodiversity  and  Afforestation,  Urban,  Sand  and  Wind  Resources, 
Land  Use  and  Soil  Management,  Crop  and  Bioremediation,  Water  Resources  and 
Management  and  World  Wide  Ongoing  Activities  in  Desert  Technology.  A  total  of 
76  papers  were  orally  presented  along  with  7  videotapes  and  30  posters  including 
four  papers  presented  both  in  oral  and  poster  sessions.  These  presentations  were 
received  enthusiastically  and  elicited  much  discussion  by  the  122  participants 
coming  from  18  countries:  North  America  (US,6;  Mexic0,!),  Europe  (France,1; 
Russia.1;  Uzbekistan^),  Africa  (Burkina  FAS0.1;  Senega1.1;  Tog0,1),  Hiddle  East 
(Kuwait,1;  Saudi  Arabia,2;  Israe1,11),  South  Asia  (India,1;  Nepa1,1;  Pakistan,!; 
Thailand,3),  Australia(5),  China(20).  and  Japan(61).  Desert  Technology  III  was 
a  huge  success. 

Desert  Technology  IV  is  scheduled  to  be  held  in  Kalgoorlie,  Western 
Australia,  in  September  1997,  and  Desert  Technology   in  San  Dieg0, 
California,  USA,  in  1999.  Further  information  will  be  distributed  by  the 
Engineering  Foundation  (fax:+1-212-705-7441). 

October  20,  1995,  at  Fuji  Hotosuko  Hotel 
The  Conference  Chairmen,  T.  Kojima, 

K.K.  Tanji,  and  1.  End0,  and 
The Organizing  Committee  of 

Desert  Technology  III 
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Deserts,  Development  and  Peace 
-  The  opening  address  - 

  Iwao  KOBORI* 

A ぬ @raCt ― T 忙 ]liSloIi 口 I 叫叫十卜 Ordeseltenginee 『 dng8iveS  山 var@o 山川 ぬ 而 n8 血 1I 卜 0 旧 Of5u    叶 LnuL 

stones  about  technology.  Deserts  might  be  sustainably  developed  for  the  peaceful  use  for  the  future  generation  of 

our  planet   

Key  Words  :  Desert,  Development,  Environment,  Peace,  Cooperation 

It  is  my  great  lionor  and  pleasure  to  welcome  you  at  the  foot  of  Mt.Fuji. 

1  do  remember  the  first  International  symposium  on  Deserts,  wliich  was  lield  on  the  other  side  of  M1.  Fuji 

(at  Fujinoniiya)  in  1980  on  the  occasion  of  Hie  International  Geographical  Congress  in  Japan   

At  that  time,  we  discussed  several  topics  on  Desertifilalion  in  and  around  Arid  Lands.  Tliere  we  learned  the  first 

real  information  on  Deserts  in  Cliina  by  Prof.  Zhao  Sung  Qia0.  At  lliat  time,  (lie  local  and  national  newspapers  did 

not  pay  so  much  attcnlion  lo  our  academic  event.  Living  in  a  deserlless  counlry  such  as  Japan,  we,  mosi  of 

Japanese  scienlisls.  found  it  liard  to  recognize  the  raison  d'etre  of  that  symposium.  However  the  assembly  of 

eminent  desert  scientists  gave  a  strong  impetus  to  subsequent  development  of  Arid  Land  Studies  in  Japan   

If  we  compare  Illis  academic  event  of  15  years  ago  with  llic  present  meeling  on  Desert  Engineering,  I  have 

to  say  tlial  lime  passes  like  an  arrow  and  we  have  a  great  responsibility  in  Hie  future  of  Deserts,  Development,  and 

Peace  llirougli  sincere  cooperation  in  the  Field  or  Desert  Studies.   
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(a  very  simple  example  is  the  maintenance  of  distilled  water).  T0  overcome  these  dilemmas,  we  may  need  to  give 

more  serious  attention  to  the  soci0-cullual  background. 

From  1981  onwards,  I  have  participated  in  joint  research  projects  on  Karez  irrigation  with  Chinese  friends. 

0ne  of  the  results  was  already  published  in  the  proceedings  and  I  am  very  glad  to  note  that  the  Xinjiang 

Autonomous  government  has  paid  more  attention  to  rehabitation  and  research  on  Karez  irrigation.  As  Iranian  says, 

Karez  or  Kanat  may  be  one  of  largest  Desert  Engineering  compared  with  great  walls  in  China.  However,  hard 

works  to  dig  tunnels  does  not  attract  young  generations.  We  definitely  need  an  innovation  of  technology  for 

山理 ;ng 山 emnnel   

Recently,  I  saw  one  of  the  worst  examples  of  environmental  destruction  by  man.  I  do  not  wish  to  point  an 

accusing  finger  at  those  responsible  for  the  Aral  Sea  Basin.  Rather.  I  want  to  see  discussion  of  these  questions:  To 

what  extent  can  we  rehabilitate  the  Aral  Sea  Basin  through  our  technology  and  international  cooperation  (  of  course 

including  self-support  efforts  of  riparian  countries).  One  acute  problem  is  the  provision  of  water  to  inhabitants  who 

have  suffered.  An  appropriate  long-term  project  may  be  to  improve  irrigation  and  drainge  systems.  How  can  we 

move  from  theory  and  study  into  effective  action?  In  this  respect,  the  Aral  Sea  problem  may  no  longer  be  an 

  intra-state  problem,  but  rather  an  Inter-states  and  global  problem  without  commenting  on  other  states. 

Ladies  and  Gentlemen,  I  have  touched  on  a  number  of  topics,  and  may  have  confused  you.  If  we  cite 

Senator  Al  Gore's  book  "  Earth  in  the  Balance  "  (1992.  Chap.12,  Dysfunctional  Civilization,  p.218)  "  The 

Cartesian  approach  to  the  human  story  allows  us  to  believe  that  we  are  separate  from  the  earth,  entitled  to  view  it 

as  nothing  more  than  an  inanimate  collection  of  resources  that  we  can  exploit  however  we  like;  and  this 

fundamental  misperception  has  led  us  to  our  current  crisis.  "  The  strict  separation  of  Nature,  God  and  Man  is  not 

part  of  the  typical  Asian  mindset.  Frankly  speaking,  1,  as  a  Japanese,  have  many  difficulties  to  fully  understand  the 

mind  and  the  way  of  life  of  desert  people,  even  deeply  involved  in  their  daily  lives.  It  is  said  that  monotheism  was 

bom  in  deserts  and  Animism  was  born  in  tropical  regions.  A  British  journalist,  Ritchie  Calder  used  a  very 

appropriate  phrase  "  Men  against  Desert  "  as  the  title  of  his  book.  He  did  not  say  "  Men  with  the  Desert  "  . 

I  find  this  title  appropriate,  because  he  was  educated  in  Europe   

In  Chinese  poems  of  the  Tang  dynasity,  we  find  lines  to  do  with  soldiers  in  deserts.  They  are  often  melancholy, 

but  seldom  show  men  in  confrontation  with  the  desert.  Classical  literature  including  such  as  the  Bible  or  the  Qoran 

which  often  refers  to  deserts  depend  on  the  circumstances  in  which  those  books  were  written.  We  must  be  careful 

about  the  application  of  new  Technology  to  different  soci0-cultural  contexts.   
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We  have  examples  of  success  stories  of  desert  technology  in  developed  countries  but  tragic  examples  in 

developing  countries.  Sustainable  development  is  easier  said  than  done.  The  history  of  development  has  always 
been  parallel  with  the  history  of  the  destruction  of  environment.  The  task  for  us  who  are  approaching  the  21th 

century  is  how  to  reduce  the  risk  of  environmental  destruction  in  the  process  of  desert  development.  For  this 

purpose,  we  have  to  bear  in  mind  two  essencial  factors     

N0,1  Sophisticated  Technology  ̃  Technology  which  is  soft  and  consumes  less  energy.  We  would  like 

exchange  and  discuss  our  views  on  this  topic  during  this  meeting. 

N0.2  Peace ̃  All  our  efforts  and  good  will  to  develop  deserts  areas  will  be 

suddenly  destroyed  by  war.  I  will  not  quote  examples,  but  contemporary  historical  events  tell  us  this 

without  exception.  And  the  effects  of  nuclear  tests  in  deserts  are  still  obscure   

Deserts  are  our  common  global  treasures.  It  is  our  responsibility  to  maintain  unique  and  beautiful  natural 

landscapes  and  also  to  examine  the  possibilities  of  better  peaceful  use  of  the  areas  concerned.  How  to  reconcile 

these  apparently  conflicting  goals  is  a  task  which  will  require  our  unending  cooperation   

Ladies  and  gentleman,  let  us  work  together  for  the  peaceful  development  of  desert  areas  hand  in  hand   
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Energy  and  Environmental  Issues  in  Desert 

Toshinori  KOJIMA* 

AbStraC 十 - Se 廿 eraI sIoba 川 envt 片 On 口 enntal issues  have  been  focused  and  discussed 
independently, however  they  are  deeply  concerned  with  each  other   In  the  present 
paper, desertification  issue, lnCIudln 旦 uutlllzatlon of deSe 「 t a 「 ea lS d 八 SCUS さ ed 
froa ・ the  view  points  of  elobal  varaine  and  enerey  issues   Firstly, 十九 e re 川 atlon 
betreen the surface eCCoS プ SteI and carbon dIox 八 de Probleen ls dlSc し SSed   Next, the 
possibilities  of  alternative  ener&y  source  to  wood  which  is  one  of  causes  of 
desertification, and  enerey  production  in  the  desert  are  discussed. These  points 
of  view  ffill  be  key  factors  when  human  beings  should  utilize  the  desert  as  the  last 
land  resource  on  the  planet   

Key  Words:  Desert,  Energy,  Environment,  Global  warmins 

1.  Introduction 
There  should  be  strong  relation  between  global  environmental  and  energy 

issues,  e.g.  carbon  dioxide  problem  and  acid  rain.  Global  environmental  issue 
itself  could  conclusively  be  caused  by  human  beings.  Therefore  any  counter- 
measures  should  be  meaningless  without  considering  the  human  activity   
The  desertification  should  also  be  caused  artificially,  though  it  is  assisted  or 
directly  caused  by  some  natural  fluctuation  in  climate  and  even  if  human  could 
not  identify  the  cause.  Too  frequent  and  vastly  abnormal  climate,  which  is 
normally  thought  to  be  the  cause,  may  possible  be caused  by  human  activities   

The'  cause  of  desertification  is  much  related  to energy  issues.  Firewood 
collection  often  leads  to  the  damage  of  ecosystem,  On  the  other  hand,  the 
desert  is  filled  with  renewable  energy  sources,  e.g.  solar,  wind.  Desert 
energy  should  be  utilized  to  prevent  desertification  and  desert  development   
Without  the  utilization  of  the  renewable  energy,  large  scale  greening  or 
prevention  of  desertification  should  be  difficult. 

From  the  view  point  of  environmental  issue,  we  could  hardly  say,  what  is  good 
for  earth.  If  we  use  plenty  amount  of  fossil  fuel  to  prevent  desertification, 
it  will  not  benefit  the  earth,  though  most  of  human  activities  consume  plenty 
amount  of  fossil  fue1. 

1n  the  present  paper,  the  relation  between  carbon  dioxide  problems  and 
ecology  especially  desert  and  desertification  is  examined,  because  carbon 
dioxide  problem  is  thought  to  be  energy  issue  itself.  Next,  the  possibility 0f 
the  energy  production  and  alternative  energy  development  is  discussed, 
including  the  view  point  of  environment. 

2.  Carbon  Dioxide  problems  and  Afforestation  (Kojima  et  a1.,  1995) 
The  surface  plant  is  thought  to  be  one  of  the  most feasible  final  sinks 

because  it  converts  carbon  dioxide  into  carbon  using the  solar  energy  which       
presently  difficult  for  us  to  use  effectively  and  economically.  Plants  can  fix 
C0 ﾈ  in  atmosphere  dispersed  from  various  sources.  Greening  of  arid  and  seni- 
arid  lands  may  be  promising  because  they  have  a  large  potential  to  fix  carbon. 

The  amount  of  carbon  dioxide  released  by  the  destruction  of  forest  was 
estimated  from  the  deforestation  rate,  more  than  10  Hha/y,  and  the  difference 
between  the  carbon  in  tropical  forest  and  that  in  grass  land  or  desert,  around 
150-200  t/ha.  Accumulation  of  COs  in  the  atmosphere  is  thought  t0 be  around 
3.5  Gt-C/y.  If  we  could  stop  the  destruction  of  the  tropical  rain forest,  and 
afforestation  progressed  at  the  same  rate  as  above  (10  Mha/y),  the accumulation 

*  Fac.  Eng.,  Seikei  Univ..  Musashin0,  Tokyo  180  Japan  (Fax:+81-422-37-3871) 

JAALS



2 

would  be  stopped,  assuming  that  the  missing  sink works  as  it  is. Furthermore, 
the  cumulative  contribution  of  surface  biosphere is  almost  double 0f  that  from 
fossil  fue1. 

For  the  performance  of  afforestation,  the  arid  and  semi-arid  lands  are 
thought  to  be  most  promising.  The  global  arid  land  area  including  desert, 
grass  serai-arid  land,  salt  affected  land,  and  unused  land  is  more  than  6 
billion  ha,  which  is  equivalent  to  600  years'  measures  based  on the  area  of 
desired  afforestation  per  year.  Furthermore,  the  conversion  of carbon  dioxide 
in  atmosphere  is  performed  by  using  the  sufficient  solar  energy which  has  not 
been  used  artificially  and  the  produced  carbon  is  automatically stocked  in  the 
plant. 

To  build  up  a  forest ecosystem,  more  than  600  kg-water/n'/y,  0 「 600  山川 /y of 
rainfall  is  thought  to be  essentia1.  To  produce  the  amount  of  freSh  Hater from 
sea  water,  more  than  30  MJ  is  necessary  even  when  an  energy  saving  membrane 
process  is  employed  for  it  (Matsumura  and  Kojiroa,  1991).  On  the  other  hand, 
the  biomass  produced  from  the  ecosystem  is  expected  to  be  less  than  20  HJ/m'/y   
This  means  that  the  afforestation  of  arid  land  is  negative  measure  and  is  not 
independent  if  all  needed  water  is  produced  by  conventional  methods. 

Thus  the  net  amount  of  fixation  is  to  be  evaluated  as  the  amount  of  the  fixed 
carbon  from  which  the  energy  input  is  subtracted.  Furthermore,  the  average 
value  should  be  considered.  As  to  how  long  period  should  be  considered,  its 
value  itself  is  one  of  the  most  important  parameters.  The  period  may  not  be 
longer  than  several  hundred  years,  because  the  fossil  fuel  will  be  consumed, 
while  it  may  not  be  shorter  than  several  tens  of  years,  because  alternative 
soft  energy  passes  will  not  become  main  energy  sources  in  this  time  period. 

More  detailedevaluation  is  needed  by  considering  the  energy  input  and  output 
of  the  system. 

3.  Fossil  and  Renewable  Ener     Sources  for  Cooking  and  Livin   
Another  important  view  point  is  the  alternative  energy  to  fire  wood,  which  is 

one  of  the  most  important  causes  of  desertification.  It  is  commonly  accepted 
that  coal  is  worse  for  earth  than  biomass,  because  coal  combustion  produces 
carbon  dioxide,  and  sulfur  and  nitrogen  oxides,  while  biomass  is  renewable 
energy  and  its  combustion  produces  less  amounts  of  sulfur and  nitrogen  oxides 
than  coa1.  However,  when  the  wood  is  not  replanted  after deforestation  by 
firewood  collection,  carbon  dioxide  is  also  released.  If the  tree  is  young  and 
still  growing,  the  potential  of  its  carbon  stock  is  abandoned.  The  desertifica- 
tion  is  often  accelerated  in  this  way. 

1n  such  a  case  as  above,  the  use  of  coal  is  to  be  surely  a  countermeasure 
against  the  desertification  and  carbon  dioxide  problems.  The  energy 
utilization  for  cooking  in  developing  and  developed  countries  are  shown  in 
Table  1  (Kammen,  1993).  It  is  clearly  suggested  that  the  energy  efficiency for 
cooking  is  quite  low  in  the  developing  countries  and  it  is  mainly  caused  by  the 
use  of  firewood  or  charcoa1.  It  can  be  easily  suspected  that  the  conversion 
efficiency  of  solid  fuel  into  heat  is  too  low.  Therefore,  even  if  coal  is 
utilized  instead  of  wood,  the  conversion  of  solid  fuel  into  gaseous  fuel  is 
most  attractive  way  to  use  sold  fuel  effectively.  Among  coal  gasification 
processes,  i.e.  entrain  beds,  fluidized  beds,  and  fixed  beds,  small  scale 
gasifiers  such  as  fluidized  beds  operated  at  relatively  high  temperature  will 
be  preferable.  The  produced  gas  nay  also  be  used  to  generate  electricity  by 
using  gas  engines.  Gasification  technology  of  wood  and  other  biomass  will  also 
play  a  great  important  roll  in  such  area  to  improve  the  energy  efficiency   

4.  Energy  Production  in  Arid  Land  and  its  Transportation 
It  is well  known  that the  average  sun  light  intensity  in arid  lands  is  much 

higher  than  temperate zone  with  much  clouded  and  rainy days.  They  often  have 
stronger  wind  in  arid land  than  in  the  temperate  zone. Furthermore,  destruction 
of  ecosystem  need  not to  be  taken  into  consideration. Therefore,  it  is  often 
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Table  1  Energy  for  cooking  (Kamnien,  1993) 
Energy  COnSumptlon %  of  energy  for  cooking 

W/cap   in  total  energy  use 
individual average individual average 

Firewood  and  charcoal 
Tanzania 570 85 
Cameroon 430 76 
Nicaragua 260 55 

......Kenya..............................4.20.........4.2.0...     74 73   

Firewood  and  6harcoal 
Guatemala 420 
Brazil 430 

290 ......J."di.a..............................                         .3.8.9........4.0.0             
Kerosene,  Propane,  LPG 

Guatemala 50 65 
Brazil 70 27 
India 60 60 60 51 

City-gas 
USA 70 1 ・ 2 
France 50 0  ・ 7 
Sweden 40 0 ・ 7 
Japan 30 50 0  ・ 6 0  ・ 8 

In  most  of  desert,  its  latitude  is  low  or  middle  and  it  has  little  rain. 
Therefore,  the  energy  of  IkH/nr  or  so  is  available  in  most  of  the  day  time   
The  energy  efficiency  in  desert  is  several  times  higher  than  that  in  Japan  with 
much  rain   

The  efficiency  of  solar  cell  has  been  improved  year  by  year.  And  the 
efficiency  is  now  approaching  the  theoretical  estimates.  To  improve  the 
production  cost.  especially  energy  cost  is  of  course  the  next  target  (Inaba  et 
a7..  1993).  Additionally,  orevention  from  sand  disaster  and  erosion  is 
essentia1.  Such  kinds  of  problems  are  now  under  the  investigation   

The  future  but  most  important  and  essential  problem  will  be  the  transportation 
cost.  Why  are  the  power  stations  located  in  coastal  areas  in  Japan?  Because 
energy  source  of  fossil  fuel  is  easy  to  obtain  and  the  consumers  locate  in  the 
vicinity  of  it.  Cooling  water  is  also  easy  to  obtain.  Oil  and  coal  is 
transported  to  Japan  mostly  "freely".  However  the  amount  of  energy  sources  is 
limited.  Global  warming  issue  caused  by  carbon  dioxide  release  is  now  seriously   

as  An  shown  estimation  in  Table  on  2  the  (Fujii,  transportation  1993).  It  costof can beconcluded  energy  sources thatthelongdistant has beenpresented 
transportation  cost  of  the  electricity  is  the  extremely  high  while  it  can  be 
utilized  most  conveniently  and  effectively  among  the  energy  sources.  On  the 
other  hand,  conventional  fossil  fuels  especially  coal  and  oil  are  cheapest  to 

transport.  the  electricity,  Other  however,  alternative  they  energy  are  still  transportation  more  expensive  carriers thanare  natural  cheaperthan gasto 
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transport.  If  the  desert  area  where  the  electricity  is  produced  from  soiar  or 
wind,  is  close  to  the  consumers,  the  hydrogen,  which  is  produced  by  electrolysis 
of  water,  may  be  transported  by  pipeline  with  reasonable  cost.  But,  Japan  is 
so  far from  desert.  Methanol/carbon  dioxide  cycle  has  been  proposed  so  far 
(Park, 1993).  However  the  cost  nay  still  remain  high  and  energy  efficiency  low   

Table  2  Transportation  cost  of  various  energy  (Fujii,  1993) 
Transformation  cost Transportation  cost  per  distance 

$/Ton  Oil  Eouiv   $/Ton  Oil  Equiv./l0.0ookro 
Electricity 100 1700 
Oi1,  coa1,  methanol くく 50 くく 50 
Natural  gas 

liquefied 100 50 
pipeline くく 50 200 

Hydrogen 
liquefied 400 200 
pipeline くく 50 250 

Cyclohexane  cycle 100 100 
Carbon  dioxide  ($/Ton-C) 

Liquefied 100 150 

In  near  future,  there  may  exist  more  effective  transportation  way  of  renewable 
energy  though  it  may  not  be  classified  into  intrinsic  energy  transportation   
For  example,  the  replacements  of  energy  consuming  industry,  such  as  iron  and 
aluminum  making  industries,  to  the  desert  area  is  to  be  enhanced.  The  trans- 
portation  of  such  products  from  the  desert  area  to  the  overseas  consumers  is 
thought  to  be  a  kind  of  energy  transportation,  in  some  meaning.  The  other  is 
hydrogenation  of  heavy  oi1.  Hydrogen  produced  from  solar  energy  could 
effectively  utilized.  Liquefaction  of  coal  does  not  have  meaning  from  the  view 
point  of  global  energy  issue  if  it  conducted  in  Japan,  however,  transportation 
of  coal  liquefied  with  hydrogen  produced  in  desert  has.  He  should  start  such 
on  site  hydrogen  utilization  technology  as  above,  as  soon  as  possible   

5 ・ COnCluSlon 
In  the  present  paper,  the  relation  between  desert  and  energy  was  focused.  We 

may  not  find  best  solution  but  we  should  start.  One  of  the  most  important 
factor  we  should  introduce  may  by  some  political  or  economical  means  such  as 
regulation  or  carbon,  energy  and  environmental  taxes   

What  is  the  most  energy  consuming  materials?  Its  answer  is  human  beings   
Thus,  the  relocation  of  human  may  be  the  ultimate  solution  of  this  problem  when 
the  desert  is  to  be  the  energy  production  base.  Desert  Technology  should  play 
an  important  roll  under  such  condition  in  near  future   
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十 斗口 E   ddl   M 廿         As       十 
  Ce the       も C Pe for es ak L L         L で   

  

    L 口   [*,  Juha  Un'To'1'*  and  Iwao  KOBORI** 

Abstract  -  Intensive  water  development  of  the  rivers  has  had  significant  influence  and/or  adverse  effects 
onthe  waterb 可川低 and    サ昨 msofthe      川 dl 衣卜 inthe 恥而 ・     d 口四 Om    e    e 口口市 卜 ve 
も如 n  s;      川町 lowered  in SOme  旧川 d  郷 in  山 e Centrat  Eu 必卜 の 松 pon 血 g  to  hte 雨 ve 
M 市 d 口川寸 Of  市 7  w 寸   to  f    血 em ・ Veryiitnle  aiientionhas  been  paid  to  丸 M 叫山 e  血 c    ing 
pot 切 d 可 co 血司晦 and the  cpeeping  en        切回 probtemsconcerning  山 e  ht      O        川 d      e  iS 
函 rUnning  out ・   叫 awaterwtthd 司 S;onm 山叫 inthet    山川   inlandi 衣卜 and 山 e 而恥 would 
lead  to  peaceful  resolution  by  sharing  resources  and  benefits among  the  riparian  states.  This  paper 
describes  the  outcome  of  a  joint  research  workshop  held  in  March  1995,  by  the  United  Nations 
University  (UNU).  Japan  International  Cooperation  Agency  (JICA)  .  and  International  Water  Resources 
Association  (IWRA)  on  the  international  waters  of  the  Caspian,  Aral  and  Dead  Sea  to  develop  ideas  for 
Intemmationalcoope 『 mtionoppo 而 m 打 eS   

KEYWORDS  :InJand  l 吐 Q ， L 而 ・ a 「 nd  pegion@Hydropo 而 Q ， E    叫 li@ 叫 andIntern8ttonalwat   
l ・       du      on 

In  1978.Cen 廿 eeforNatUfalResoUpceS@En 打酊 aDdTfa4Spo 『 n  (CNRET)id 切血田 214Iutenoationalhv 恥 
皿 rIl 衣 feh 卜血 whiCbCoverne が ly  47%  0f 血 eeIandareain  血 eworId  ( 玖 CludjagAu 血而ぬ ) ・ AfRer 血 。 

      n 血 on  oftbe  cold  w 汀 iD  l989, 而可   iDg  fearsof の     市   O 叫血 e  dp        eS  have  S    a   
町 o 川 dintemmationalnv 恥 ・ ね切 of 山 ea 「 Rd  to  5      - 山 d  reglon  coversone@third  of 山 ee  worId  con 血切十 
including  many  of  the  inland  lakes  and/or  seas  without  outlet  to  the  ocean   

ht    Ne  water  developm 印 tof  血 e  l 町 aeintemmationalhv 恥 ， wbichfeed  血 e  I 汀 geiaiand  I 杜 eS  h  血 e 
Central  Eurasia,  resulted  in  decreasing  inflow  and  water  in  the  inland  lakes  including  Aral  Sea  (Khazakstan 
andUzbe ぱ St 川 ) ， H 皿皿 eSavehL 衣 e(IranandM 如血   ) ， a4dDeadSea(I 寸北 LP 口卜血 eandJor 血 )   
By  early  n ぽ tCentYrv  SO 口 ee  iniandsea5wilIdiSappear  ifw 寸寸 conddnUesto  be  ぽ也 Ct 田 at 血 e  pm    t    e   
ConSe 口血 On  皿 d    叫 e 口切 tofw 寸 er  fesouDoes 町 @etbe66rStp 「 do 「 dtyissue  to  幻 lve  血 eWoble    ・     Ie 
山 eDe 汀 @estilliDCfeaSiag  demands6orwat 打 ， notoaly  tosUStainabetterquaiiiyofiiBeof 血 eep 山 Iplebut 寸幻 to 
suppo 『 山 eeeConomiCaIdwelopm 印 tof 血 e  由 d  の皿田卜 ・ Theppoblem  ;s    血 e magorml 川 d  I 吐卜 h 
山 esemi-a 「 Rdregion  川 elo 口 ted  血小 edeveloptDgcouDt 「 ieSwhefeneither intennaiionalDordom 卜 FCpou 行卜 
町 era 血寸 S ぬ b]e      血 af 如 of 血可咄 ing  con 而 Ctov 汀血 eiDteIpationalwatersoDeveIopmeutand        切 t 
Of  watq  血山 e  S      ・     d  reg;on  is  寸 SO  I 打 geIy  d    end    t On  山 e  eC ひ pou 丘   d      ion  m      g  of  血 e 
cooperative  international  development  projects. 

The  joint  UNU-JICA-1WRA  research  program  aim;5  at  providtpg  a  comppehenstve aDd  obJeCt[ve 
environmental  management  setting  not  only  for  sustSuSt      abIe  developmentbut  山山 for  peQce  m  血 e 
perspective  of  the  21st  century.  This  paper  presents  selected  examples  on  hydropolidcs  and  ec0-political 
de 口 Sion  m      g  COnC      g  山 e  卜 te ト 5 面 eregIon 寸 dweIopm 切 tof 山 e    ， C 仏川皿川 d  D    S    M 山 
血 eaim  Ofel 孔 oofaddng  schemes  to  m 而砕 tetbefuiuDe  pot 切廿寸 山川 吋 SOfpoM 司の nnICtby  S      g  血 e 
resources  and  benefits   

2 ・   SeaandCaSDIanSea:CpeeD 而 gEn      o    切 t 川 d  Hv 山 o 川 M 卜而山 eC 切     F 
Inthe  PlelStoCepe 叫 e ，   S 切川 d  C 町 ian  Sea  wepe  の m 比 t 司 tofoIm  av 酎 lnland  l 衣 e 血血 e 

centralEUra5la@ TheAralSea  isgolng  to  diSappeaf,owlng  to  paStpoli66CaldeCi5ion  makinglntbe  lg50 ケ 
1960S  On  血 e  hte 瓜 ive  Waterdwelopm 印 t  Of 血 e  SLD      a ・   山町 a  hv 打サ如口 Lr 而     on ， 川 e 
water  leveI 市山 e  n 苛   bo      g  C    i 川 Se も loCat    o 血 y  5O0    め山 e  we 寸 @f 「 QmtbeAmmlSea@  haS  b   
COn 血 uouSty  hSLg  SLCe  l977  eXCeed 卜 g  血 e  histoI[c 寸 gaver 叱 ee  w 寸打 level. Tbe  5Ci 切而 C  ぽ pl 川折 On  Of 
the  mechanlSm  isSdllUncleat,but 山 e  pro 叫 SSi5Ca 此 bg  Si      6C 川 td    叫 e    ou 如 lnundatlon  寸 O 叩血 。 

coaStof 山 eRvedp 出山 寸 at 卜 ， 卜 CIudbgR    ia 皿 d    川 d 山 eneMyhd 印可 d 切 tS ぬ t 卜 of       
*  Nippon  Koei  C0..  Ltd.,  c/o  Koei  Research  Institute  Internationa1,  Tokyo  102  Japan  (Fax.+81-3-3288-1166) 
**  Academic  Division,  The  United  Nations  University  (UNU   
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Az 片 b 山価川 dT 而血 a 
SomeideaSofl 汀 gewatertmmu56ersChemeSiDcludiDg 血 (eob 田 v 寸山 v    bnto 血 eArqlS 印 w    山お   日 

卜血 e  1980s ， butthese bgve beeD  puta5ide  p 切     gqueSbbonSreM 田 to  血 e        gofdob 寸 
5Calemega ・ p 呵 eCt5@witb  budgetS 杜 OveUS$lbillioa@a5weIIa5tbesomewhatConfUSed  stateofiutem 曲 on 可 

polltIcsipC diSCUSsednotoaIy  印 to  L L 皿 ADOtberideaof  S 払 e 血 ew 寸打 b M  山山 叶 旦 but C  寸山 i 如 toreStorethew w 寸寸 to  血 e  払臥切 可 Seais  o    卜血 ent(F  g       a& 
Murakami  1995)   

3 ・   e  Dead  sea  如 ld  PeaCe      e  CaQ 可 :tE    口而 Ca]D 呵 Sion  Making  而血 p.Mtdd 山 e   
Tbe  lower  J 。 ，   サ寸   b 。 l      gtbe  Tib 市 gaS@a@@e  口 d  ぬ e  Dead  Sea@whlch  is    口 by  血 e  血叫 

riparians  of  the  Israe1,  Palestine  (West  Bank),  and  Jordan  (East  Bank),  will  be  a  focus  area  to  demonstrate 
the  卜 ltem 血 oon 寸 cCoopergtion  opportuuiddes6orpeaCeiD  血 e  re 川 On ・   e  "Pf@nCe  n      叫 e  C 川寸 山町 e 卜折打 
ぽ f 町 e 田 a5pDCy  scheme,which  would    v 叫 e  brackish  w 払 er ， 市 du      gSaline  Sp      gSaDd        旦姐 On  re   
iDthe  Jordan  valigy  f 「 Om  山 eTL 田 @asLake  to  血 e  D 印 H  S 叫 isproposed  Dotonty  to  pIot 胡 w 寸釘 qMi 廿 
印     O    印 toftbeTibeh 卜   eapd  血 e  low 苛 JOf        寸   but    O  to  刈 pply  な   po    le  w ぬ er 
from  the  RO  desalination  plant  at  the  terminal  end  of  canal  system  (Murakami,  1991b,  1995, 
M      &M      吐 e  1994)  . Tbe  PDC  SCheme  wouldenvtSagean  85km  long      叩 e    而血山 e 
TibedELake  to  血 e  D    S 碑寸 on 旦 vwiththe  lowerJordan  Riverin  e; 山汀 W 卜 tB    or    tB        l 而旦 
brackish  water  reverse  osmosis  (RO)  desalination  plant  with  an  installed  capacity  of  200,000  m3  per 
day  at  the  terminal  end  of  the  canal  system. The  RO  desalination  plant  would  convert  useless  or 
harmfUlSaltne  waters  toSafe  potable  w 寸苛寸 a  reaSouabIe  costofUS$  0.48/m3o      g intoaCCouut 山 e 
induoediuCeutives  on  山 e  LO ・ pou 甘 dCaldeCiSion  makIpg  to  sharetbe  了   山叫 SaDd  benef6t    Ongthe    印 
riparians  (Murakami  1995)   
3 ・ 1  COn      pI      R 

Tbe  pDC  scheme  isbeiDg  propoSed  to  臥 einto  L の UImt 山 e  Luo      旦 six  pl      g  el 加 enfeun 血   ・ 

political  decision  making  initiatives; 
(1)  Water  environment:  Sustaining  fresh  water  quality  environment  of  not  only  the  Tiberias  Lake  but  also 
the  lower  Jordaa  V 寸 em  by  山 ve      g  山 e  harmful  SaIiDe  sp 「 dngs aDd  血 e  wasteS  which ane  血 e     
contaminautSof 血 ee 「 iverSystem@  takipgintoaCcouut 山 epotentiaIdown  Stpeam  wat 打 に e 於 Of 血 e  P 山卜血 e 
(West  Bank)  and  the  Jordan  (East  Bank)   
(2)Fee 小 v@voter  sourcee  :B 『 m 改 Lh  w    卜 Clu 血 g      e  斗 l 「 dpgS@baSe  foowand  b 瓜 I@i 山 go 皿 dw 可 er 而血 e 
J 。 ，   v 杣ヴ w 。 udb ，の I1   田血皿ぬ 。血 % 叩血 aD ， 面 ぬ ・   l      ， ，     。 叩     吟而肚 
nb 市 L  L 祉 ee 皿 d  o 血   iDandaroUnd  血 eeBeitSM 皿 p 可     eand  JOf    の u 印 tSallne 甲血吟 ，       旦折 On 
retumm,deep  pefColatioD@saline  匹 O    dw ぬ er in  血 e5hallowSandy  呵 u 而可 md  bnaCCkish  町 mtnd 川ぬ er  血 
the  deep  sandstone  aquifer  in  the  Jordan  Lift  Valley   
(3)  Conjunctive  water  management:  Diversion  intake,  infiltration  pond  and  dual  purpose  well  system  would 
be  incorporated  in  a  plan  to  salvage  50-100  million  m3  of  residual  winter  flows  in  the  lower  Jordan  system 
6orCoudUnCtiveuSe. Tbe  dualpurpoSewetlS arere  nIaialy 5Unk  t4  u 卜 eSandySba[low  叫 dfer サぬ     色 

tubewells  to  pump  25-50  million  m3  per  year  of  brackish  groundwater  in  me  deep  sandstone  aquifer  system 

(4)DL ubeadded  びヰ乃口 geco to  口 norsys supply  り temandRop7aont:.The  f  W 寸釘 dUriDgd[y  SeaSop. 叫 e    寸 wouldcolleCt      "" 如 ' 皿。。 ' 而 " 
Israe1,  as  well  as  the  West  Bank  and  East  Bank.  The  carec  寸 routeispl    田 to  be aIong 山 emainStDeam  Of 
山 e  Iower  Jordant  eiT 苛   Ou    血 e  West  Bank  or  山 e  E 卜 t  B    ・   e  RO  de      a 丘皿 p 血 t 
卜 Clud@DGpr 申 甘口 血印 taDdpoSt ・ 甘   印 tunit willbe 血 taIIed 寸血 e 印 dterminalofthe    サ寸肌 ・ 

(5)woterpRpe 肪 esystem  :TbemaiDw 可苛 pipelime,whichiSpIaumed  to  be 寸 oQnewftbtbe の め tof 血 eD 日 d 
Sea@wttltink  tbe  majortownS  OfSYwa    Q    Eh  Gedt@E 而 BokekaDd  川 ・ M    卜     g  血 e 
  hpo    b  川 寸寸 f 「 om  山 eRo  川   t 
(6)  M の 如 wo び ter  L の 伽 enfsys$tew 川 an4reusg  ttwa5te  w 寸苛 L    切 t  facilitieS  而血 e    uor  to    wo 血 d  卜 
而の po 面 祖 notontytoreuSetbetpeatedwaStewaterfor  位 eCpoporg 汀 d 切 tI 「 dgationbut 小 Otopro 比 t 血 e 
Cle 川 w 如 r 川 W 。   em 。 f 血 eD    S ぬ 
32  Rev 恥 eo 皿 O ぶ SD    " 血 On 

川 e  hea 「 n  Of 血 e  "PeaCe  D      e  Can 寸 "prmjecti5 血 e      O5moSiSd      a 丘 On  pI 川 t  而 C 血     g  血色 
following  three  units; 
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巾 cqltLom  )PL り CescIpg  止 e  water)  :RevefSeosmoslsIs by  meansofpressufe  山 eSep8Iationofone ex 山山 on  の a  mpoL - 印 皿 tofa 山 l Ie  血 onf pl  「 Qm  C  m  狙 O 血 b  打 e ・ (m  A  血 to S  回   Of ， 

tubes  about  6,750  are  all  membrane  6  m  (20  feet)  elements,  long,  some  inserted  membranes  into  fibreglass  have  a  pressure  diameter  vessels  of  30  desalt  cm  (12  the  inches)  water.  while  While  the  the  diameter  pressure of 
others  membraDe is  2OCm  ・ S 叩川血 (8tncheS).  on  of  me  司 t  el  is    切 a  ti5made  chemjCalproCeSS  up  of  a  a4d  nUmber  a  physiCaI of  sheet5  山 rol1 ion  出血 proCeSS.Tbe  to  a  甲 wateriS woUpd 
6OrCed  tb@q 叶 血 e  waIis3of 血 eCelluloSeacetate  or    血卜     membmmpeS  by  叩 ptyiag  pD      寸   ut  l5 ・ 

25  k び Cm2oalIowing  O 血 y  血 ef 「 eSbJy  deSa4t 司   汀 to  pas5tbpougb@  TbiSpro 瞭     卜 75%  0f 血 e 
f    w 可 7and  r    ov 卜札 outg7%  0f 血 e    L  Fo 血 h   

f              二 1I ， 丁 : 。三 よ enton: 仁芯期 rgcovery  :e  d 「 nnk4ngg 比。 g                ， 牒お                       ，、               二三日 ば T* 牒 。 E ぽ L 三ノ三 
(225%  of 山 e  f    Wat 汀而血 10.0OO  m 可       け )woUId  bereCovepe4  to  g 印   e  el      卜廿而血 l    Of       -hy 山 opowerpiant 寸山 e 切 d  of 血 e  RO  moduie 血 c 山 t ・   7  re 田 e      旦血 e  切   Orel      d 廿 Of 
6 ・ 4milIion  k    p 苛 y    ， 血 e  b      e  isdtrectIy      司 totbeDead  Seao  whe 『 p  itmixeS  市血   e け M 如     ew 寸 er    M 血 300 ， 00O    OfTDS   
3.3  Project  Cost  and  Unit  Water  Cost 

The  unit  cost  of  the  brackish  water  reverse  osmosis  desalination  with  the  construction  of  85  km  of 

drainage  construction  canal  period  is  preliminary  of  three  years  estimated  for  the  to  RO  be  plant  US$0.48/m3,  and  an  interest  which  rate  includes  of  85  as  four  shown  cost  in  elements  Tab.  1. assi 川 L 

T 妨 ， I  Maior の 寸 elementoftbe  RO  d      拍 on   
Cost  element us$ 
C 叩 ; 回 CO 寸 211,518,000 
D%l 四 aadCo 瓜血而 Onman 昭 em 切ヰ 2 ， 911 ， 000 
Fb 川む寸 eXpendi 血 e 68,672,000 
AnnUaloDe 口甘 onandm 川 ten 川叶 C 。 寸 20.551.000 

  
  

3 ・ A  bt    FOnof 血 ePf@aceen      aRe    川市市山 eM    司 -SeaCan 寸 SCb    e 

  

血而 now  丘 Om  血 eJordan  River 面 C 血切 twouldalSo  Su 毘卜 t 山 ead 田 tjdon 可 jin 廿 olodu 而 cn  OfMMt    川 
seawater  Murakami  to  1991). the  Dead  Sea,  山師 by  卜   hg  山 eSvStem'sh ノ   PO    d 寸切         &M 山 i 衣 e  lg91, 
。。ま $ ぢ珪日 。 >tl ほぽ ;b@ 肝三 ままだ三 ま干 g>o 択ま箕 ， ( 了剋 L 臥 E ご : 千三点 三 5              了三ぱ盟 三田 " 目三三 苫 ， 牡 
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Freeze  desalination  for  supplying  water  and  chilled  air  in  an  arid  area. 

Atsuko  Kobayashi*  and  Yoshihito  Shirai* 

Abstract  -  Freeze  desalination  is  a  method  to  produce  fresh  water  by  fomiine  ice  crystals  from  sea  water.   
Therefore,  this  method  is  able  to  provide  not  only  fresh  water  but  also  coolant.  In  freeze  desalination, 
how がぽ ， jt  isdiffiCuIt  tonnmove  salts D 「 Om  the  5u ぬ Of  I 口   St 寸 s  pm 山村 ぬ 5e  血 e  S      Of  i ほ 
    5    司   verv  SmaI].weLund  anoveIme 山 ood  tomake    eice      5jnSeaw 可打     M 
toSeDaraIe  jCe    5t 山 S  味 ily  血 m  S 旬   t% ・ Moreover,we8SSeSSed  切   OOnsumption  in  the  production  of 
  h  川寸 er  when  梅 deSalination COuldbe  口 Upl 口     th  川 丸山 ndtioM 叩 SySt    u5i 叫卜   5t 小 
produced   

ぬ サ w 。ぬ                                                                                   

1 ・ 血 L 山 uCtion 
WaterIssues  汀 e  seriousproblemS  in  dese 「 nS  anda 「 id  町   ， aDd  deSal4nation  systems  汀 e  T 叫 uL ぬ 

血小 卜 e  regions. Cun 切 ttL  some  desalinatdon  Sy5 ほ mS ， I ・ e ・ revene  OSmoSb ， 可   O ・ dMySiS  川 d 
multi-effective  evaporation,  are  widely  used  for  that  purpose.  These  systems  can  supply  more  than 
1 ， 0OO  ton  per  day  of  f 「 eSh  wateI, butinvotve  some  problemS  ofmu 杜切 e 叫 y  の瓜 ump 甘 ol  L 寸 

making  fresh  water,  deterioration  of  filters  in  reverse  osmosis  and  so  on. 
Freeze  desalination  is  a  method  to  obtain  fresh  water  by  forming  ice  crystals  from  sea  water   而 ' 

method  enables  to  produce  not  only  fresh  water  but  also  coolant  Therefore,  reducing  costs  for 
making  fresh  water  can  be  expected  by  coupling  freeze  desalination  with  a  heat  pump  system  using 
iCeCryStalS  pIoduCed.  HoweVer ， h ほ乃 deSalinaddon  is  d 而口 [tto  Iemo"e  pure  i 叫   5 回 S  LOm  S 口 
wa ほ rrbeCause  s 寸 LadheIe  on  山 e  su 『 faCe  of  山 e  iCe    St 小 resultiDg  血 loweI  qu 杣り OfL 卜 h  w ぬ eI 
pIodu ぼ d ， TO  overComethisdrawback,IargeiCeCryStaIswhichhaveasmallspecifGCsurtaCe 汀印ぴ e 
requ む口 tor 田 u 叶山 eamountofS 可 b  adhe 血斗 WehaveSu    司 inmakingtargeiCeGySt ぬ LOm 
Sug ぴ SOludonS ， Of 川 bIch  S      汀 emoL  山川 2    h  山   et 汀 (KobayEM  etd 。 b  pI 卜 S) ・ h  血 S 
woIk, we  appli 如 this  me 山田 to  f 「 eeze  d 卜     由 on  川 d  Ob      田   町 f 「 eSh  waoeIwi 山 hi 功汀 
quality.  Moreover,  we  estimated  energy  consumption  in  the  production  of  fresh  water  by  地 
desalination  system  when  coupled  with  an  air  conditioning  system. 

2 ・ E 人 DehmentS 

寸 Z Freezing  process  A  batch  crystallizer  in  which  coolant  were  circulating  in  the  wall  was  used  in 
山 efreezingprocessshownin  Figurel.40omtofS 印 wateIwasadded  而 (to 山 eoy5 川ぬ 片 andCoo1 也 
there.  When  temperature  of  sea  water  reached  near  freezing  point,  10  weight  %  of  seed  ice  crystals 
introduced  into  the  crystallizer  to  initiate  crystallization.  After  2  hours,  produced  large  ice  crystals 
*  Department  of  Biochemical  Engineering  and  Science,  Kyushu  Institute  of  Technology,lizuka, 
Fukuoka  820,  Japan  (  Fax:+81-948-29-7801) 
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Another  experiment  in  which  a  piece  ot  ice  crystal  was  mtro 

subcooling,  the  temperature  difference  between  the  minimum  ter 
after  seeding,  as  small  as  possible.  We  call  this  one  Method     

illustration  of  a  washing  column  used 
separating  p 口口 y5 田 s p 「 Odu 口 

alts  concentrations  of  ice  crystals  melted   
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hs  of  ice 
Method  B. 

after  separating  process.  The  ratio  of  good 
desalination  indicates  how  much  fresh  water  less 

山 aD5 凹 ppmof 血 punR 卜 oc@occupies 比 ew 於 hhg 

than  500ppm  of  impurities  could  be 
obtained  from  the  ice  crystals  produced  in 

quality  could  not  be  obtained  by  Method  B, 
口口 d obtaIn f 「 esh water from S 巴 w 可灯   

tals  produced  by  (a)  Method 

M 祉ぬ A 35.5% 21.4% 18.3% 

Method  B 0     0% 0% 
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wt%.  The  time  variations  of  the  concentration  of 
NaCI  in  the  outlet  brine  and  the  distillate  were 
measured  by  using  a  conductivity  meter. 

2.2  Measurement  of  the  Saturated  Feed  Rate 
The  porous  sheet  was  sandwiched  by  two  acrylic 
plates  and  three  platinum  electrodes  were 
installed  in  the  width  direction  at  a  downstream 
goint.  The  electric  resistance  was  changed  by 
liquid  saturation  of  the  porous  sheet  and  was 
included  in  the  bridge  circuit.  The  voltage  change 
was  recorded   

3.  Simulation  of  Meniscus  Film  Flow 
It  is  considered  that  the  liquid  forms  meniscus 

film  flow  in  grooves  of  parallel  polyethylene 
ropes.  The  contact  angle  of  the  meniscus  was 
assumed  to  be  0  dee.  because  the  surface  of  the 

  

,_ Inclination  40dcg   
ノ互 

    
    

  
斗 ― - "@ 2   

ヨノ 
  

    
Fs; 

0 2 4  4.6 6 8 
Feed  [k^h-'-m-1] 

Fig.2  Effect  of  feed  rate  on  the  electric  resistance 
  

polyethylene  ropes  was  wet.  The  meniscus  film 8 
flow;.was  calculated  by  the  finite  element  method r    。 [b     。 

supposing  that  the  liquid  flows  parallel  to  the 口 o 廿 uetb 卜 De 
ropes  and  that  the  curved  surface  of  the  meniscus 
is  an  arc5'6)           oDI5tlIlate L  二三 7 研口 ・ 1 

三 b      don  2Od4   
4.  Results  and  Discussion ） ， F お dl ・ 欣 すげ ・ m" 

二刃卜 44 寸     
  

critical  value  of  the  feed  rate.  Beyond  the  value  it 2 

becomes  unchanged,  which  corresponds  to  the 
saturated  condition  in  the  porous  sheet.  Such  the 
critical  value  is  defined  as  the  saturated  feed   

rate(F^).  It  is  seen  from  Fig.2  that  Fs  is  4.6 0 20 40 60 
Tune  [hr] 

ぎき i;h-k  仁こ，耳よ了 三上 F ， kL  ;A? 「 ; 日 R 、 L"Ofthe2o  deg  ・， *  ;:  Fig ・ 3 Time  variation  of  the  concentration  of  Nad 
considered  that  the  meniscus  film  flow  is  formed O  ◆ Uppe 「 S    LCOf 口口   ほ SIab 
when  the  feed  rate  is  bevond  Fs   A  A  Lower  surface  of  concrete  slab 

。 " b" 。 '"" 。而 ' 。 '"" 
4.2  Concentration  ofNaCI  in  the  Distillate 150   I031488Wm- ﾈ  T.aZl'C 

When  brine  is  fed,  the  time  variations  of  the   10 二 576W  寸 l  T  ・ 二 ?0 て 
concentration  ofNaCI  in  the  outlet  brine  and  the IpcI 山 aton  互 M 叫 ・ 川九 4m 口 
distillate  are  shown  in  Fie.3.  The  concentration  of F 仕 d 6kg ・ b … m ・ l 

XL 二 *lr 三三二ミニ、 gl ・ t  t 乱三 * 三 ;;  じ上三 xiaIl ， よ bCh 三。な Z 三 ;t  Itead 二二 巨 l00 
  
    

Outlet     
  

- サ " 十 "-"   
condensing  plate  at  solar  intensities  of  576  and ，左 ま去三三二二二。 ・ゃ t 『・。 

1488  W'm-2  are  shown  in.Fie.4.  The  distance  of *'  Inlet  temp   
0.5  m  is  needed  to  heat  brine  at  the  low  solar 
intensity.  At  the  high  solar  intensity,  however,  the   
distance  to  heat  brine  becomes  short   0 0 ・ 4 0 ・ 8 

Db    Q  而市 。 kIX  [m] 
4.4  Distillate  Productivity  The  effects  of  the  Fig.4  Temperature  distribution  in  the  Qow  direction 

JAALS



15 

  

  

R3 0 

5 0 

（ n ，ヨー・十ハ 
斗） * 互キ 二口 ヨ十口卜 
L 。コ二 = ま日 色 

  

  

  

lteuefe5etue 

久 
vh 

bat   

2 

1009 でててて 

0 

つ - つ - 
ワ -l 

3 

  
T 
， T 
， r 
， T 
， 
叫 

    

  

  

  
却卜 

均め （（ 

0000 

山 

ed 

  

OR 

O 
▲ 

  

4.5.-Evaporative  Efficiency  The  effect  of  the  S"1 、 I 二刃 lwm ・ 2 T  二 l 八 
solar  intensity  on  the  evaporative  efficiency  is    2 口 I = -2 T = 
shown  in  Fig.6.  The  evaporative  efficiency  is  '-a ･  I   

evaporation  defined  as  to  the  the  ratio  solar  intensity.  of  the  latent  When    heat  the  feed of  ^ 
  
Beyond  Fs,  however,  the  effect  of  the  solar  " ､ 
intensity  becomes  small     

          
4.6  Simulation  of  Meniscus  Film  Flow  As  seen  5 

from  above  figures,  the  change  of  the  distillate  ｡ 
productivity  with  the  feed  rate  is  not  monotonous   

20 30 
calculated  using  the  feed  rate  as  a  parameter.  It  is Therefore,》he  change  of  the  meniscus  shape  was 0  4.6 10 Feed (kg い口 バ ] 
considered  that  the  difference  between  the  feed   (b) 
rate  and  Fs  (QsF-Fs)  forms  meniscus  films  in^S-S  Effect  of  feed  rate  on  the  distillate  productivity 
grooves  of  parallel  polyethylene  ropes.  The  results 
are  shown  in  Fig.7.  The  surface  of  the  porous 
sheet  between  ropes  is  not  perfectly  covered  by 
t 川八 e  ]DeeL 山八 Sc. く 二 llS  fll 八八八 a イ l 八九 w げ ate 「 e 十ト aL ノ L 斗「 ateS  f 「 L ノ ]ml 十ノ OtL 八 卜 

S （   

4.7  Surface  Area  Ratio  of  the  Porous  Sheet  to  x   Inclination  40deg.,  Pitch  4mm 
the  Meniscus  Film  Since  the  change  of  the  S   

  
  

surface  area  of  the  porous  sheet  to  the  meniscus   
  
  
  

    
  effective  increase  of  the  distillate  productivity  is  ^ FSl   

expected  below  the  feed  rate  at  which  the  ratio  of 0 4.6  10 20 30 
surface  areas  is  about  unitv  (Fu),  because  the Feed  [kg-h-'m-'] 
thickness  of  the  liquid  film,  the  average  velocity  Fig.6  Effect  of  solar  intensity  on  the  evaporative  efficiency 
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5.  Conclusion 山パ   Ob ・ h"t ・ m"l 
The  roof-style  solar  still  using  the  concrete  slab  as  a 斗ヨ 9 ・ 川均 ・ h"' ・ m 。 

solar  collector  and  the  enhanced  evaporating  olate  was (^alS^Skgh-'-m-' 040  27.38  kg-h-'.iii-' developed  and  the  characteristics  were  examined     theoretically  and  experimentally.  The  following 
results  were  obtained   
1.  The  feed  rate  remarkably  effected  on  the  distillate b 川 。 "i 。 " 仰 。 斗 

PL   。 皿 

  山 )   
distillate  productivity  increased  suddenly   

3.  The  optimal  operating  condition  of  feed  rate  range 
is  from  Fs  to  ̂ 'u  to  prevent  the  dry  out  in  the 
porous  sheet   

Nomenclature 
    Am  =  evaporating  area  of  brine  film  formed 0 ・ 2 

between  ropes[m2]     
  
  

メ D  p  =  =  evaporatlng  dlstlllateproductlvlty  area  ofporoussheet[m [kg ・ S ・・ ]1  m ・ ユ ユ ]   F feed  rate  [kg  ･  h-1  ･  m ノ 1] 
Fs-  =  saturated  feed  rate  in  oorous  sheet           山 l Lo ナ 

    
0 ） 卜巳 

                IQ  Q  =  =  solar  meniscus  intensity  film  [W  flow  ･  m-2] (F-Fs) [kg  ･  h-1  ･  m-1] 十 "L- 十       Ta  =  ambient  temperature  ['C]   人 latent  heat  of  evaporation  [J  'kg-1! 0  3.24.68.110  13.8 20 30 ｡ 
Feed  Ckgh-'m-'] 
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SOLAR-CHIMNEY WIND  POWER  GENERATION  SYSTEM 
USING A  MACR0-STRUCTURE 

Mikio  KINOSHITA 

Abstract  -  Theoretical  studies  on  solar-chianey  vind  power  generation  systex  using  a 
･ aer0-structure  with  height  of  several  ki  loaders  in  arid  region  are  reviewed  and  discussed   

In  order  to  achieve  a  several  100  G1  class  electric  pover  plant  in  a  subtropical  arid 
region,  ve  ﾇ ust  construct  a  chimney-1ike  ･ aer0-structure  for  updraft  ﾈ ith  height  of  several 
kilometers.  Multi-cellular  air-supported  ･ eMbrane  structure  is  proposed.  Theoretical 
approach  is  developed  to  describe  performance  of  the  solar-chianey  pover  plant  ﾇ ith  the 
huge  height.  Energy  density  and  thenal  efficiency  are  calculated. 

Key  lords:  solar-chianey,  wind  po ﾈ er  generation,  air-supported  ･ elbrane  structure 

1.1ntroduction 
It  is  known  that  hot  air  with  lower  density  has  potential  energy  to  rise,  and 

solar  thermal  energy  is'converted  to  kinetic  energy  of  convection  in  the 
troposphere.  Kinetic  energy  of  intensive  neteorological  convection such  as  a 
cuciulonioibustscale:  several  km)  in  tropical  or  subtropical  region  is estimated  at 
several  100GW. 

1n  the  field  of  artificial  generation  of  updraft, solar-chimney  is  knouwn  for 
ventilation  system  or  solar-wind  power  system.  For example,  experimental  study of 
a  50RW  solar-chimney  electric  power  plant  with  height  of  200ca  has  been  done  in 
Spain1?.  Because  wind  power  of  updraft  increases  drastically  with  the  increment 
of  the  scale  of  the  solar-chimney,  construction  of  large  scale  solar-chimneys  is  a 
major  isuue  for  the  future  solar-chimney  plant.  In  recent  years,  multi-cellular 
air-supported  membrane  structure  with  height  of  several  km  is  proposed  for  several 
100GW  class  solar-chimney  power  plant2>.  And  theoretical  approach  is  developed  to 
describe  performance  of  the  solar-chimney  power  plant  with  the  huge  height3)4)6)6)   

In  this  paper,  recent  study  on  solar-chimney wind  power  generation  system  using 
a  macr0-structure  is  reviewed,  and  performance in  arid  region  is  discussed. 

2.Theoretical  approach3)4>6) 
Fig.1  is  a  schematic  view  showing  the ATMOSPHERE UPDRAFT 

solar-chimney  system,  where,  z,  h,  P(z,u), 
P 。 (z) ， T(z ， u) ，「， T 、 (z) ， and  r  、 denote 十 十 

の altitude,  height  of  solar-chimney, T(h,  u) 
p  ( わ ・ 八斗 斗   

atmosphere  as  a  function  of  altitude  z, 十 十 

tenperature  of  adiabatic  updraft  as  a T.(z)BT.(0)-r.z T(z.  u) 
function  of  altitude  z  and  velocity  u, p ， (z) P(z.  u) 
adiabatic  lapse  rate  of  updraft, 十 十 

T(0,  u) ﾈ T ﾈ (0)+AT temperature0f  altitude  z,and  atmosphere  lapse  rate  as  of  a  atmosphere, function  of T ， (0) P ， (0)   P  (O ・ 八 )   
respectively.  Temperature  of  updraft  at 
altitude  0  is  raised  by  AT. 

We  first  calculate  pressure  of  updraft Fig.1.  A  schematic  view 
with  a  slow  velocity  u-*-0  as  a  function  of showing  solar-chimney.   
A  volunteer  researcher  on  global  environment  issues   
1-12-2-403,Kitaniikata.Takatsu-ku.Kawasaki-shi,213  Japan(Fax:+81-44-811-5423) 
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altitude  z,  where,  boundary  condition  is  that  T(0,u-*-0)=Ta(0)+AT  and 
p(o ， u 十 O) 二 P 、 (0) ・ 

For  adiabatic  updraft  with  a  slow  velocity  u- ﾈ 0,  the  following  equation 
stands. 

dP(z,u-*-0)/dz  =  -  p(z,u- ﾈ -0)  g 

where,  p(z,u->0)  is  density  of  updraft  with  a  low  velocity  ¥ĩ>0,  g  is 
gravitational  acceleration. 

For  dry(unsaturaued)  adiabatic  updraft,  the  following  two  relations 

(1) 

p(z.u-*-0)=P(z,u-"0)/(Rd  T(z,u- ﾈ 0)) and 
T(z,u-* ﾈ 0)=T(0,u-*-0)-rd  z 

stand,  where,  Rd  is  gas  constant  for  dry  airtRt^STJK^kg"1),  and  r  ci  is  dry 
adiabatic  lapse  rate(rd=g/Cp=0.00976Knr1;  Cpslt^JK^kg^rspecific  heat  at 
constant  pressure). 

By  solving  equation  (1)  for  P(z,u- ﾈ 0), 0n  the  basis  of  these  two  relations,  we 
0btain  the  following  equation. 

P(z,u- ﾈ 0)=P(0,u->0)((T(0,u- ﾈ 0)  -  Fd  zVK0.u-i'o))*01""1'1' (2) 
For  wet(saturated)  adiabatic  updraft,  T(z,u-*0)  is  determined  on  the  basis  of 

moist  adiabatic  lapse  rate  Fw.  And  density  p(z,u->-0)  is  obtained  numerically, 
on  the  basis  of  T(z,u-*-0)  and  estimated  density  of  condensed  water(cloud  or  water 
droplet).  Therefore,  altutude  dependence  of  pressure  P(z,u- ﾈ -0)  for  the  wet 
updraft  is  calculated  numerically. 

We  define  differential  pressure  AP(z,u)=P(z,u)-Pa(z). 
Differential  pressure  for  updraft  with  a  velocity  u  is  expressed by 

AP(z,u)=P(z,u)-P ﾈ (z)=AP(z,u- ﾈ 0)  -  (l/2)p(z,u)  u2  -  APi0.a (3) 
where,  APi0.g  is  caused  by  friction  between  updraft  and  solar  chimney.  Because 
APio ﾇﾇ  for  chimney  with  a  huge  height  and  a  wide cross  section  is  estimated  that 
APi0.B  <  (l/2)p  (z,u)u8,  we  neglect  APi0.a  in the  present  study. 

Out  put  power  of  windmill  Pou*  is  expressed  by 

        =  c  S  u ﾈ (AP(h,u- ﾈ 0)  -  (l/2)p(h,u ﾈ )  u ﾈ 2) (4) 
where,  c(c^l)  is  a  power  coefficient  for  windmil1,  S  is  the  cross  section  of  rear 
flow  of  the  wind  mil1,  and  u ﾇ n  is  a  velocity  of  the  rear  flow. Energy  density  of 
the  wind  system  W  is  expressed  by  the  following  equation. 

P u ﾈ (AP(h.u->0)  -  (l/2)p(h,u ﾈ )  Ut02) (5) 
The  energy  density  W  varies  with  u ﾈ .  He  can  calculate  maximum  energy  density  Wnax 
on  the  basis  of  equation  (5). 

Because  AP(h,u- ﾈﾈ 0)  has  a  dependence  of  atmosphere  pressure  P&(h),  out  put 
power  Pout  and  maximum  energy  density  Wa&x  are  influenced  by  aerological 
COnd 互 tion ・   

Altitude  dependence  of  atmosphere  for  atmosphere  in  hydrostatic  eauilibrium  is 
expressed  by 

Pa(z)=Pt(0)((Ta(0)-rtt  zVTftto))'^11'1  ra) (6 斗 

JAALS



19 

Theoretical  efficiency  77 of  solar  chimney  using  dry(unsaturated)  updraft  in  the 
atmosphere  in  hydrostatic equilibrium  is  expressed  by  the  following  equation. 

^(CpTt0.u-^oX1-PidiVP^o^^-gloACpAT) (7) 
3.  Hulti-cellular  air-supported  membrane  structure2' 

Fig.2  is  a  schematic  view  of  a  macr0-structure  proposed  for  solar-chimney  using 
a  multi-cellular  air-supported  membrane  structure.  Each  cell  has  a  gas-tight 
structure,  and  pressured  air  or  light  gas  such  as  nitrogen,  water  vapour,  helium 
hydrogen  or  their  mixtures  is  retained  in  each  membrane  cel1.  Air  inlet  for 
uodraft  is  set  at  the  bottom,  and  windmill  is  set  at  the  top. 

Fig.3  is  a  schematic  view  showing  stress. Reduction  of  total  density  pa  of 
the  membrane  structure  is  important,  in  order  to  reduce  stress  o'zz  caused  by 
gravity.  Temperature  of  membrane  may  be  raised,  in  order  to  reduce  density  of  gas 
retained  in  the  membrane  structure.  We  can  design  the  membrane  structure  to  have 
extremely  low  density  pa  like  the  ba100n,  where,  the  structure  has  sufficient 
strength  against  externa1 forces  such  as  wind  force.  For  example,  we  can  design 
150  GW  solar-chimney  wind power  generation  system  using  dry  updraft  with  height  of 
3  km,  where,  the  designed tensile  stress  of  the  membrane  is  100MPa,  total  amount 
of  membrane  is  3.5  x  10 ｡  kg(density  of  dembrane  material  = 1800  kg/B3).  Fabric 
made  of  synthetic  fibers  such  as  carbon  fiber,  vinylon,  or steel  fiber  etc. 
is  usable  for  membrane  materia1. 
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Fig.2� A  schematic  vlev  Of  a  山 ultl ー 

cellular  membrane  StruCturea) ・ 

Fig.3  A schematic  view  showing 
stress. 

4 ・ ReSultS  and  DlSCuSSlon 
Fig.4  shows  differential  pressure  AP(z,u- ﾈ 0)  for  dry(unsaturated)  updraft  with 

initial  temperature  rise  AT  of  15K,  30K,  or  45K.  in  the  atmosphere  in  hydrostatic 
equiribriuia,  where,  pressure  at  altutude  0  is  101300  Pa,  temperature  at  altitude  0 
is  300  K,  lapse  rate  of  atmosphere  F  a  is  0.0065  K/c0.  With  the  increase  of 
altitude,  AP(z,u- ﾈ -0)  increases  at  low  altitude,  and  reachs  maximum,  and  begins  to 
decrease  at  high  altitude.  The  differential  pressure  at  the  windmill  for  solar- 
chimney  with  height  of  3  km  is,  for  example,  2  kPa  with  AT=30K,  where,  density  of 
updraft  at  the  top  is  0.85  kg/m3.  In  this  case,  we  obtain  maximum  energy  density 
Wmax  of  54  kW/ID8(54  GW/km2)  using  equation  (5).  The  intial  temperature  rise  AT 
is  an  important  factor  for  solar-chimney  system.  In  other  words,  AT  of  severa1 
10K  is  required  for  solar-chimney  systen  using  dry  updraft,  in  order  to  obtain 
differential  pressure  of  several  kPa  at  high  altitude. 

Fig.  5  shows  altitude  dependence  of  efficiency  77  with    the  same  condition. 
With  the  increase  of  altitude,  T)  increases  linearly  at  low  altitude,  and  reachs 
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maximum  and  decreases  at  high  altitude.  Collector  area  for  solar  thermal  energy 
is  designed  on  the  basis  of    efficiency  T)  .  For  example,  for  150  GW  solar-chimney 
with  height  of  3  km,  collector  area  will  be  ̃ 1000km2  on  a  subtropical  plain. 

Fig.  6  shows  altitude  dependence  of  differential  pressure  AP(z,u- ﾈ 0)  for  wet 
(saturated)  updraft  with  initial  temperature  rise  AT  of  OK,  3K,  8K  or  13K,  in 
the  same  atmosphere  condition  as  in  Fig.2.  Because  release  of  latent  heat  at 
high  altitude  is  expected,  larger  differential  pressure  AP(z,u-*0)  is  obtained 
with  lower  intial  temperature  rise  AT  of  several  K.  Low  cost  solar  collector  is 
usable.  A  subtropical  sea  or  subtropical  arid  region  where  moist  air  is  abundant, 
is  suitable.  The  system  has  a  possibility     a  new  water  source  for  arid  region, 
because  water(or  ice)  droplet  is  available at higer  part  of  the  solar-chimney. 

    ト   Q)6 邑 Ta(o) 刃 OOK Ta(0)=300  K 
Pa(0)=101300  Pa 6 ） Ta=300  * め Pa(0)=101300  K Pa   ra 寸 ・ 0065 wm ra=0.0065  K/ffl 
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Fig.4.  altitude  dependence  Fig.5.  altitude  dependence  Pig.6.  altitude  dependence 
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AP(z,u- ﾈ -0)  for  dry AP(z,u->0)  for  wet 
updraft6'. uPdraft ・ 。 ) 
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Evaluation  of  Solar  Energy  in  Deserts  in  the  World 

Yasuko  N1SHIGAMI*    Yukio  YANAGISAWA**  and  Haruyuki  HIGASHINO*** 

Abstract  -  The  amount  of  solar  energy  reaching  the  deserts  in  the  world  is  3.27  x  lo^kWh/yr  (350 
times  the  1990's  primary  energy  consumption  in  the  world).  From  a  viewpoint  of  utilizing  the  solar 
energy  in  the  deserts,  it  was  classified  according  to  the  distance  from  shoreline  and  kinds  of  deserts. 
The  amount  of  solar  energy  reaching  deserts  without  dunes  within  400  km  from  shoreline  is  7.42  x 

lo^Wh/yr  (80  times  the  1990's  primary  energy  consumption  in  the  world).  When  considering  the 
present  energy  conversion  efficiency  of  solar  cells,  the  solar  energy  reaching  there  satisfies  the 
enerav  demand  in  the  world. 

Keywords:  Solar  energy,  Radiation,  Desert,  Dunes,  Shoreline 

1.  Introduction 
The  atmospheric  concentration  of  carbon  dioxide  (C0,),  which  is  an  influential 

greenhouse  gas,  has  been  increasing  from  280  ppm  in  pre-industrial  time  to  359  ppm  in 
1995  because  of  increased  consumption  of  fossil  fuels.  Since  fossil  fuel  consumption  leads 
to  emission  of  CO^  and  acidic  substances,  more  use  of  solar  energy  is  proposed  as  one  of 
C0,  reduction  options.  Solar  energy  also  attracts  much  attention  as  an  alternative  energy 
source  when  fossil  fuels  are  depleted  in  and  after  the  21st  century. 

A  total  of  3.9  x  IO^J  of  solar  energy  reaches  global  surface  annually.  It  is  ten  thousand 
times  as  large  as  the  amount  of  primary  energy  consumption  in  the  world.  Since  the  energy 
conversion  efficiencies  are  not  so  high  (1%-10%)  by  vegetative  photosynthesis  and  solar 
cells,  and  the  density  of  solar  energy  is  low  (1  .0kW/m2)  at  the  surface  of  the  earth,  a  large 
area  is  needed  to  capture  solar  energy  as  a  substitute  for  fossil  fuels.  Not  so  much  land  for 
this  use  remains  in  the  temperate  regions  because  growing  population  demands  land  for 
agriculture,  industrialization  and  urbanization.  Desert  regions  receive  plenty  of  solar  radiation 
but  have  been  previously  excluded. 

Developed  countries  require  a  large  quantity  of  energy,  more  than  70%  of  the  total 
primary  energy  consumption  in  the  world,  and  most  of  them  are  located  apart  from  deserts. 
The  transportation  of  solar  energy  from  deserts  to  consumption  sites  is  a  subject  of 
technological  developments.  Three  types  of  energy  transportation  method  can  be 
considered;  CD  Direct  transportation  of  electric  power;  ｩ Pipeline  transportation  of  hydrogen 
*RITE,  Soraku-gun,  Kyoto  619-02.  Japan  (Fax:  +81-774-75-2317) 
**RITE,  Soraku-gun,  Kyot0,  Japan  &  Harvard  School  of  Public  Health,  MA  02115,  USA 
***Univ.  of  Osaka  Prefecture,  Osaka  593,  Japan 
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gas  or  its  carbide;  and  ｩ Tanker  transportation  of  liquid  hydrogen  or  its  carbide.  The  first 
method  can  be  realized  if  a  breakthrough  technoloav  of  lona  ranae  transportation  such  as 
the  superconductivity  cable  is  developed.  The  second  one  is  already  put  into  practice  as 
natural  gas  pipeline  in  Europe,  but  pipeline  transportation  is  not  suited  for  island  countries 
such  as  Japan.  The  last  one  is  also  actually  practiced  such  as  LNG  and  LPG  tanker.  The 
hydrogen  transportation  requires  new  technologies  because  it  causes  brittle  fracture  in 
metals. 

1n  this  paper  WO  assessed  the  solar  energy  as  a  source  of  electricity  generation.  There 
are  two  kinds  of  indices  evaluating  solar  radiation,  whole  sky  radiation  and  radiation  to  sloped 
array.  The  whole  sky  radiation  was  used  in  our  assessment  and  classified  according  to  the 
distance  from  a  shoreline  considering  transportation  of  the  solar  base  energy  to  the 
consumption  sites. 

?  Solar  Radiation  in  Deserts Table  1.  Total  Amount  of  Radiation  in  the  World  Desert 
Deserts  are  very  dry  with  little Desert Area  Radiation  Density  Radiation 

precipitation.  As  the  result,  there  is  no 寸 TO 山 2 kWhW/daylo^kWh/yr 
vegetation.  To  select  desert  area,  we Sahara 800 ・ 4 6 ・ 25  寸 825 ・ 9 

used  latitude/longitude  grid  data  for Namib&Kalahari  21.6 6 ・ 26 49 ・ 4 

vegetation  map  developed  by  Matthews,  Arab&West  Asia  297.6 6 ・ 18  6 ア寸 ・ 3 

which  were  obtained  from  Global  Ec0- Central  Asia 269.6 4 ・ 51  443 ・ 8 

systems  Database  (GED)  (KinemanS Australia 寸 22 ・ 5 6 ・ 22  278L 

ohrenSChaH ， イ 992)O 千 U ・ S ， Natio 『 al NOnh  AmenCa  q ・ 8 5 ・ 64 3 ・ア 

Geophysical  Data  Center  (NGDC)   World 1513.5 32 ア 2 ・ 2 

This  vegetation  map  was  aggregated 十 

Table  2.  Total  Amount  of  Radiation  in  the  World  Desert from  many  published  maps  and  com- 
without  Dunes   pensated  by  satellite  information.  We 

Desert Area  Radiation  Density  Radiation integrated  radiation  data  of  1601  world ]010m2 RWh/m^daylo^kWh/yr observational  sites  (JWA/  NED0.1992) 
Sahara 569 ・ 5 6 ・ 25  1299 ・ 2 with  the  GED  grid  data  using  IDRISI 
Namib&Kalahari  18.0 6 ・ 26 41.1 

Geographical  Information  System   
6 ・ 18  496 ・ 0   

222 ・ 6 イ斗・ 5 寸 366 ，イ斗 

in  the  world.  The  amount  of  solar  en- Australia 
ヰ 22 ・ 5 6 ・ 22  2 ア 8 ・ 1 

ergy  ﾑ  reaching  -  there  is  3.27x10  ^kWh  n  North  .,  . America  1.8 
5 ・ 64 3 ，ア /yr  (1.18  x  IO^J)  (Table  1).  which  is 

  Worid 1154 ・ 3   2484 ・ 5 
350  times  more  than  the  amount  of 
primary  energy  consumption  in  the 
world  in  1990   
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3.  Solar  Radiation  in  Deserts  without  Dunes 
Sandstorms  freauentiv  occur  in  deserts  because  of  downward  flow  and  a  lot  of  sand   

Moving  dunes  swallow  structures  and  roads,  making  steady  operation  of  solar  cell  facilities 
difficult.  We  can  not  effectively  manage  sandstorm  or  blown  sand  by  present  technologies, 
so  WO  excluded  dunes  from  potential  areas  for  the  facility  installation.  Desert  areas  without 
dunes  occupy  1.15  x  lo@a  in  the  world  and  the  amount  of  solar  energy  reaching  them  is  2.48 
x  W^kWh/yr  (8.94  x  IO^J)  (Table  2).  This  is  about  270  times  the  amount  of  1990's  primary 
enerav  consumption  in  the  world. 

4.  Deserts  and  Distance  from  Shoreline 
  e 口 @L 二人ノ @ ニ 寸 te 斗てノ 十廿 寸てニ 

distance  of  deserts  from  a Table3.Dese 『 t  AreawithoutDunes 什 Om  SeaShore  (l びト日 ) 

ShoreHne ， beCau5e  h ヨ「 - Distance  from  Seashore(km) <100  <200  <300  <400  <2600 

borSw 山 lbenecessaryfor  Saha 口 23.8  59.8  103.6  153.5  569.5 

energy  transportation   Namib&Kalahari 8.0  10.9  11.5  14.3 18.0 

We  classified  the  desert Arab&West  Asia 26.2  59.5  97.3  134.3  219.9 

area  without  dunes  in  every Central  Asia 0 ・ 0  0 ・ 0  0 ・ 0  0 ・ 0  222 ， 6 

100km    distance  from Australia 0 ・ 6  4 ・ ア 11 ， 6  24 ・ 8  122 ・ 5 

shoreline  (Table  3)   NO 『 nhAm?nCa 0 ・ 0  0 ・ 0  0 ・ 0  0 ・ 0  1 ・ 8 

World 58.6  134.9  224.0  326.9  1154.3 

5.  Discussion 

5.  1  Reliability  of  Radiation  Data  Climatic  observation  of  solar  radiation  does  not  cover 
the  whole  earth  surface  sufficiently.  We  estimated  solar  radiation  in  each  desert  from  the 
JWA/NEDO  data  base  containing  1601  world  observation  points.  There  are,  however, 
251  missing  data  in  the  data  base.  If  there  are  several  observed  data  in  the  desert,  their 
average  was  used  to  represent  solar  radiation  in  the  desert  (Table  4(A)).  If  no  data  are 

available  in  a  specific  desert,  the  solar  radiation  obtained  from  the  nearest  location  outside 
of  the  desert  was  considered  as  the  representative  value.  We  also  estimated  solar 
radiation  in  each  grid  by  interpolating  the  observed 

Table  4.  Radiation  Density radiation  (Table  4(B)).  In  this  interpolation,  a (kWh/m^day) weiahted  averaae  of  solar  radiation  was  calculated   

to  each  grid  based  upon  the  inverse  square  of Desert (A) (B) (C) 
distance  from  the  observational  points  (Goodin  et Sahara 6.25 5.25 6.38 
a¥      19791  Then    the  reoresentative  radiation  was Arab&West  Asia  6.18  4.92  5.75 

obtained  bv  averaaina  the  solar  radiations  in  the Australia 6.22 5.19 5.75 
grids  included  in  the  deserts.  The  interpolated   
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data  gave  lower  radiation  densities  than  those  obtained  from  the  observational  sites. 
Budyko  (1974)  reported  a  world  map  of  solar  radiation,  developed  from  observa- 

tional  data  when  available  and  estimated  value  using  latitude  and  amount  of  clouds  and 
moisture  as  parameters.  We  picked  out  a  representative  value  for  each  desert  from  the 
map  (Table  4(C)).  Radiation  densities  shown  in  column  (A)  and  (C)  agree  fairly  wel1. 
Since  there  is  a  limitation  to  read  out  precise  radiation  density  value  from  the  map,  the 
representative  value  obtained  from  JWA/NEDO  data  was  used  for  further  analysis   

5.  2  Whole  Skv  Radiation  and  Radiation  to  Sloped  Array Solar  cell  is  becoming 
common  as  means  of  capturing  solar  energy  because  its  energy  conversion  efficiency  is 
relatively  higher  and  its  maintenance  is  relatively  easier  than  other  methods.  Solar  cell 
converts  not  only  whole  sky  radiation  but  also  reflected  sunshine  from  ground  surface  into 
electric  power.  Sloped  array  can  capture  both  of  them.  We  used  the  whole  sky  radiation 
to  assess  the  solar  energy  potential  because  a  large  number  of  solar  cells  set  up  on  the 
ground  interrupt  reflected  sunshine.  If  a  smal1-scale  solar  cell  system  is  considered,  it  is 
uSuallto  usethe  amountofthe  sloped  a 川 eayrad@atlon   

6.  Conclusion 
The  desert  area  without  dunes  located  within  400  km  from  shoreline  is  326.9Mha, 

being  equivalent  to  21.6%  of  the  whole  desert.  The  amount  of  solar  energy  reaching 
there  is  7.42  x  lo^kWh/yr  (2.67  x  IO^J),  which  is  equal  to  80  times  the  amount  of  1990's 
primary  energy  consumption  in  the  world.  When  considering  the  present  energy  conver ﾂ 

sion  efficiency  of  solar  cells,  the  solar  energy  reaching  there  satisfies  the  energy  demand 
in  the  world   
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Abstract  ･  The  New  Energy  and  Industrial  Technology  Development  Organization  (NEDO)  and  the  Ministry  of  Fuel 
and  Energy  of  Mongolia  (MFE)  have  agreed  to  undertake  the  "Demonstrative  Research  and  Development  on  the 
Photovoltaic  Power  Generation  Systems".  Kyoceracorp.  has  been  entrusted  with  the  execution  of  the  Project  The   

photovoltaic  power  generation  system  including  peripheral  equipment  such  as  storage  batteries  and  inverter,  in 
terms  of  compactness,  portability  and  reliability.  The  achievements  of  this  project  will  also  suggest  an  idea  to 
improve  the  living  conditions  at  desert  area   

1.  Introduction 
Nomads  in  Mongolia  are  living  in  traditional  movable  tents,  called  Ger.  Their  moving  range  covers 

from  the  northern  mountain  regions  to  the  central  Steppes  and  the  Gobi  Desert  in  the  south.  In  such  area 
traditional  sources  of  energy,  principally  firewood,  agricultural  residues  and  cattle  dung  will  be 
continued  as  major  energy  resources  because  of  lack  of  the  physical  infrastructure.  If  the  stand-alone 
power  generation  system  is  the  only  means  to  bring  electricity  to  the  life  of  the  people  who  living  in  the 
area,  photovoltaic  systems  (PV  system)  are  widely  recognized  as  an  attractive  means  to  address  some  of 
the  rural  energy  problems.  The  data  collected  and  experience  gained  from  the  project  shall  be  useful  for 
the  development  of  the  desert,  especially  for  people  living  in  such  area.  Already  200  PV  systems  and  2 
weather  observation  equipments  are  operating  in  Mongolia  for  improvement  of  living  standard  of 
nomads  under  this  project. 

2..  Principle  of  photovoltaic  cell 
PV  cell  is  a  semiconductor  device  that  converts  light  energy  directly  into  electrical  energy.  The  PV 

cell  contains  a  built-in-potential  barrier  (electric  Held).  The  barrier  exists  near  the  line  dividing  n-type 
from  p-type  semiconductor  silicon.  When  the  light  that  has  enough  energy  to  free  an  electron  from  a 
bond  of  atom  is  absorbed  by  a  solid,  the  electron  is  torn  from  its  place  in  the  crysta1.  A  bond  missing  an 
electron  is  called  a  hole.  This  light-generated  electron-hole  pair  can  move  about  in  the  crysta1.  Once  the 
pair  is  within  the  electric  Held,  the  electrons  are  accelerated  across  the  barrier  into  the  n-type  silicon,  the 
holes  into  the  p-type  selectively.  Connecting  the  n-type  side  to  p-type  side  of  the  cell  by  means  of  an 
external  electric  circuit,  current  flows  through  the  circuit  because  this  reduces  the  light-generated 
charge  imbalance  in  the  cel1.  Fig.1.2.  show  schematic  explanation  of  the  generation  and  the  isolation  of 
electron-hole  pairs,  and  the  flow  of  electrons  to  produce  an  electric  current. 
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3.  Outline  of  the  project 
Mongolia  is  a  land-1ocked  country  situated  between  China  and  Russia.  The  geographical  condition  is 

roughly  classified  northern  mountain  regions,  central  Steppes  and  the  Gobi  Desert  in  the  south.  The 
moving  range  of  nomads  covers  every  region.  Electrification  of  the  gers  is  not  easy  because  of  peculiarity 
ofnon-domiciliation.    Fig.3.  shows  the  system  installation  areas   
Basic  system  design  concept  are  as  follows   
1)  Configuration  of  the  system 

･  The  system  is  composed  of  component  units  to  improve  portability,  each  unit  is  made  smaller, 
lighter  and  simpler  to  operate   

･  The  units  are  designed  for  outdoor  use  and  resistant  to  vibrations  and  shocks  during 
transportation. 

2)  Assembly  and  electrical  connection  of  the  system 
･  The  system  structure  is  simplified  so  that  local  people  can  assemble  and  install  them   
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Fig.3.  System  Installation  Site 

Fig.4.  shows  a  system  block  diagram,  and  Fig.5.  shows  an  overall  appearance  of  the  system.  An  output 
electricity  of  the  PV  array  is  stored  in  the  storage  batteries  of  the  battery  unit  via  the  charge  controller 
and  output  as  220V  AC  power  by  the  inverter   
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4 ， ReSu は 
1)  Weather  Observation  Data 

The  weather  observation  data  is  measured  every  10  minutes  and  memorized  in  the  respective 
loggers.  The  logger  can  memorize  up  to  about  7  months  worth  of  data.  Power  supply  for  the 
observation  system  is  performed  by  small  PV  system  instead  of  dry  batteries.  Tables1.  and  2.  list  the 
monitored  data  at  Under-Ulaan  and  Haruholin.  Irradiation  on  incline  surface  shows  considerably 
high  values   

Table  1.  Weather  Observation  Data  (Under-Ulaan) 
Month       

(Total)  (kWh/mL) 250.76 226.78 179.02   
(45" de 如 eS) (Mean)  (kWh/m'-D) 8.36 7.32 6.63 
re 山 D( 山山の ("C) -3 ・ 寸 3 ・ 1 9 ・ 1 

Relative  humidity ( 外 ) 51 ・ 9 53 ・ 4 66 ・ 9 

Table  2.  Weather  Observation  Data  (Haruhorin) 
Month             

Irradiation  on (Total)  (kWh/m1) 231.16  208.42 181.87 152.13 187.00 44.87 
inclined  surface 
(45*  degrees) (Mean)  (kWh/m'-D) 7.71 6.72 6.06 4.91 6.03 5.61 
Temperature ( て ) 1 ・ 5 9 ， 互 14 ・ 4 15.8 14 ・ 寸 12.6 

Relative  humidity ( 外 ) 42 ・ 8 49 ・ 3 65 ・ 8 82.6 丁 9 ・ 3 寸 1 ・ 寸 

Precipitation (mm) 13 ・ 5 12 ・ 5 40 ・ 5 139 ・ 5 82 ・ 0 44.5 

2)  Main  System  Operation  Data 
Fig.6.  shows  an  example  of  the  operating  condition  of  the  system  and  Table3  lists  the  annual  average 
values  and  annual  integrated  values  of  the  system  operation  data.  The  other  systems*  operation  data 
also  often  show  similar  data  over  a  long  period.  According  to  the  operation  data  very  many  fine  days 
and  extremely  few  rainy  or  cloudy  days  existed  in  Mongolia,  and  that  their  irradiance  conditions 
were  incomparably  better  than  those  in  Japan.  The  load  was  concentratedly  used  in  the  morning  and 
at  night.  Particularly  at  night,  it  was  used  longer  and  the  electric  energy  demand  was  high.  When 
the  systems  were  initially  installed,  some  of  them  used  only  a  little  electric  energy   As  days  go  by. 
however,  each  system  has  increased  its  electric  energy  used. 
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Problems  associated  with  using  photovoltaic  modules  under  desert  conditions 

David  FAIMAN* 

Abstract  -  This  paper  addresses  four  problems  associated  with  the  design  of  photovoltaic  (PV)  systems 
suitable  for  operation  in  remote  desert  regions,  and  outlines  solutions  that  have  been  developed  for 
Israel's  desert  conditions.  These  problems  are:  (1)  The  absence  of  reliable  meteorological  data  - 
particularly  direct-beam  radiation;  (2)  The  substantial  differences  that  exist  between  PV  module 
manufacturer's  specifications  (usually  obtained  using  a  solar  simulator)  and  output  power  delivered  under 
actual  desert  conditions;  (3)  The  browning  of  ethylene  vinyl  acetate  (EVA)  laminates  under  desert 
conditions;  (4)  Unexpected  problems  arising  from  the  design  of  PV  systems  by  people  unfamiliar  with 
the  terrain  in  which  the  system  will  operate. 

Key  Words:  Multipyranometer,  PV  module  ratings,  EVA  browning,  Balance-0f-system  reliability   

  ad     S   
In  order  to  design  a  PV  system  one  needs  accurate  solar  radiation  data,  usually  in  the  form  of 

hourly  direct  beam  and  global  horizontal  irradiance.  A  sun-tracking  pyrheliometer  is  the  instrument 
usually  employed  for  accurate  measurement  of  direct  beam  insolation.  It  suffers,  however,  from  two 
drawbacks  which  require  the  daily  presence  of  a  technician.  First,  human  intervention  is  required  in 
order  to  check  that  the  instrument  is  tracking  the  sun  accurately.  Second,  the  aperture  window  must 
be  kept  scrupulously  clean  from  dust  otherwise  a  substantial  fraction  of  the  incident  beam  radiation  is 
diffused  and  absorbed  by  the  interior  walls  of  the  instrument.  These  problems  render  this  instrument 
unsuitable  for  radiation  surveys  in  remote  desert  areas  for  to  neglect  them  would  result  in  data  of  a 
completely  worthless  nature   

As  part  of  the  Negev  Radiation  Survey,  initiated  some  years  ago  by  the  Israel  Ministry  of  Energy 
and  Infrastructure,  the  author  and  his  colleagues  developed  the  multipyranometer  (MP)  [Faiman  et 
a1,  1987].  This  instrument  consists  of  4  global  pyranometers  each  set  at  a  fixed  but  different 
orientation.  Each  pyranometer  of  the  set  views  the  sun  from  a  different  angle  and  sees  a  different  part 
of  the  sky  diffuse  radiation.  Artificial  horizon  masks  ensure  that  no  ground-reflected  radiation  is 
detected.  Since  the  geometry  of  the  earth-sun  relative  motion  is  known  the  output  from  the  4 
instruments  can  be  unfolded  to  yield  the  beam  and  diffuse  components  [Faiman  et  a1,  1992,1993]   

Table  1:  Comparison  of  MP  predictions  with  measurements  from  carefully  maintained  standari 
"NIP"  and  "PSP"  instruments  at  Sede  Bo  er  [Faiman  et  a1,  1993] 
Ye 町 =  1989 Direct  Beam  [Ws  .m] Horizontal  G  obal  [W/s  .m] 

Measured  Average Mean  Bias  Error Measured  Average Mean  Bias  Error 
コ川 434 -9 346 ・ 6 
Feb 586 +8 501 -3 耐 569 -18 558 ・ I 
Apr 640 4 651 +3 
May 620 -8 679   4 
Jun 732 -19 700 +4 
Ju1 フ 7 フ -28 712 +5 
Aug 729 -10 676 +1 
  733 十斗斗 633 -2 

598 +12 517 4 
Nov 598 十斗 431 ・ 3 ぬ 538 +2 368 -4   u 口   630 ・ 5   5   -1 

Table  1  displays,  on  a  month-by-month  basis,  the  mean  bias  errors  observed  during  a  year  of  side- 
by-side  comparisons  between  a  MP  and  wel1-maintained  standard  instrumentation  at  Sede  Boqer. 
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                            緊蓮黛鎧蔑灘蕊灘三蟹毘藍 盗致 蕊                                   : 環婁 溌 登憩蚤 

三賭 E ぱ亡苦ぎ L 箕器足 ow( 詔 L 耳 三三 ま 目耳 ye: 竜三 老耳ぢ lo] だ牡 L 監 ・ 山 efefoLbelieve  山 atEVA  brow 血 ng 
Table3     まき 苛茸                           茸       I ま三       e          ぼ                     盤珪粘与 ;2 皿 od 口 $COmp    dwi 山 
Parameter New  PC2  Module New  PC2  Module Mean  "browned" 

Factory  tests Field  tests PC2  Mod.  Field  tests 
(1000W/m2.250C) (1000W/m2,250C) (100OW/m2^L@) 

bb 
22.5V 21.9  ｱ  0.3  V 22.8  ｱ  0.3  V 
2 ・ 84  A 2 ・ 76 土 0 ・ 01 A 2 ・ 62  土 0 ， O フ A 
17.9V 17.1 ｱ  0.3V 18.3  ｱ  0.4V 
2 ・ひ A 2 ・ 54 土 0 ・ 01 A 2 ・ 39 土 0 ・ 06A   74% 71.8  ｱ 0.3% 73.4  ｱ 0.9%   47  W 43.4  ｱ  0.5  W 43.7  ｱ  1.3  W 

4.  Desien  considerations 

    
Month FlxedbQrlzon 回 Fixed  300  血 t T    川 Z 坤 ]]  山肛 2 曲 1]  NSho ぱ "" ， "2 ・ 曲 y-l]  S  2- ば 血 wF 5  血 曲川 9 
M 汀 5  ・ 11 三 ・ 58   叫 .45 
コ un 8 ・ 03 7  ・ 08 10.43 10.53 Sp ぬ。 6 ・ 15 6 ・フフ フ ・ 89 8 ・ 43 

2 ・ 9  1 4 ・ 06 3 ・ 69 4 ・ 88 
Annual  [kWhm-2  2038 2179 2564 2783 
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Solar  radiation  data,  accurate  for  PV  system  design  purposes,  may  be  obtained  using  a 
口 tll 甘 p が川 Ometer ・ ThiSisfbeonly      口口 entavaiI 北 ]leforlong-teIm,peliable ，口市 折 on  surveys 而 
ほ口。 卜 de 低 n  l ぴ拍 OnS ・ 

  

design  The  is  modules  a  valuable tur                                                                                                                                                                                                                 

adL 三 ま d 盟器 Ofle ぷ三 X                  乱盟 ば日ぽ耳目 話む L  whendustgetStnto  山 eL  mov 而 gPa 「 nS ， 川 d  f 町 leSS 
reliable  operate  are  in  remote  power-conditioning  desert  regions  systems.  is  system  The  reliability,  principal  owing  design  to  consideration  the  expense  and  for  difficulty  PV  systems  of  servicing. that  will   

The  research  summarized  here  was  funded  by  the  Israel  Ministry  of  Energy  and  Infrastructure.  The  author  is  indebted 
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