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tear  S r e v e ;

) i r .  T r u c e  Bnyd r e l a y e d  y o u r  r e q u e s t  f o r  i t e m s  e i g n i f i c o n t  i n  j u s t i f y i n g  SSSB  13 
t o  o p e r a t e  a r e s e a r c h  f a c i l i t y  f o r  the* c r u d y  o f  n u r p J u s  h e a t  u t i l i s a t i o n  a t  T o r t  t ’c i n v r i g h t .  
Thu f o l l o w i n g  p o i n t s  r e p r e s e n t  s p e c i f i c  j u s t i f i c a t i o n s  f o r  t h i s  a p p r o p r i a t i o n !

3. At  t h e  p r e s e n t  t i p s ,  w a s t e  h e a t  i n  t h e  f o rm  o f  h o t  v o t e r  from- t l i a  s t c a a  o p e r a t e d  
e l e c t r i c s !  power p l a n t  f i t  F o r t  I f a i n v r J g b t  i s  d i s s i p a t e d  i n  a c o o l i n g  pond .  T h i s  p r o c e d u r e  
adda w a t e r  v a p o r  t o  t h e  c t n o s p h e r e  end g e n e r a t e s  c u b s t a n t f a l  i c e  f o g  i n  t h e  F a i r b a n k s  a r e a  
dur5.ee; t h e  c o l d  w i n t e r  mon th s .

2, C o n s e q u e n t l y ,  t h e  U.8. Artsy Co ld  R e g i o n s  R e s e a r c h  and  E n g i n e e r i n g  L a b o r a t o r y  S.s 
c u r r e n t l y  c o n s t r u c t i n g  n c y s t e r a  t o  d i s s i p a t e  t h e  w a s t e  h e a t  t h r o u g h  p i p e s  b u r i e d  i n  t h e  
s o i l  end f o r  space  b e a t i n g  i n  o g r e e nhou s e .3. The 13.S. Arcy is  accomplishing the necessary engineering design and co n stru ctio n  fo r th is  p r o je c t , but does not intend to undertake the tech n o lo g ica l dcvoJopr.-ent necessary to u t i l i s e  th is  system in the production o f h o r t ic u ltu r a l crop s, N everth eless, the system 
is  id e a lly  suited for th is  purpose.

A. The f a c i l i t i e s  wou ld  p r o v i d e  an e x c e l l e n t  o p p o r t u n i t y  f o r  t h e  A l a s k a  A g r i c u l t u r a l  
E xp e r im en t  S r a l i o o  t o  wo rk  c o o p e r a t i v e l y  w i t h  t h i s  p r o j e c t  i n  d e v e l o p i n g  t h e  n e c e s s a r y  
h o r t i c u l t u r a l  t e c h n o l o g y  f ind a p p l i c a t i o n . s s S B  13' w o u l d  p r o v i d e  an a p p r o p r i a t i o n  t o  t h e  
E a i  v e x  c i t y  o f  A l a s k a  i o r  t h e  n e c e a c s r y  p e r s o n n e l  and  m a t e r i a l s  t o  d e v e l o p  r . h i o  t e c h n o l o g y  
and t o  p r o v i d e  a s i g n i f i c a n t  d em o n s t r a t i o n  f o r  t h e  u tilization of  v a a t e  h e a t  i n  o t h e r  a r e a s  
o f  A l a s k a .  K i t b o u t  t h i s  a p p r o p r i a t i o n  th e  A g r i c u l t u r a l  E x p e r im en t  S t a t i o n  w i l l  n o t  h a v e  
s u f f i c i e n t  f u n d s  t o  a c c o m p l i s h  t h e  c o o p e r a t i v e  e f f o r t .5. The h o rtic u ltu ra l indusr.rjM n Alaska i s  p a r t ic u la r ly  v e i l  adapted to u t i l i s e  low grade waste heat in the +70°P to 80 F range that is  available , fron power p la n ts  such as the plant at Tort K ainvright. Successful development o f th is  technology would permit Alaska to produce high valua, in te n siv e ly  cultured crops fit world market; p rice s and, more im p o rta n tly , would provide these products for Alaskans. n
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0. I f  waste heat can be u t iliz e d  in  s o i l  and greenhouse warming, A laska w ill  have is plant growth errvii onr-ent that in te ch n ica lly  superior to areas or. more so u th erly  la t it u d e s .The advantage is  due to improved photosi'nthetic a c t iv it y  o f leaves in s u n lig h t  ond cool |Ka ir  conditions cr.d the longer period of th is  advantage. The long day le n g th s  fro n  March 20 to - ’ September 20 and the b e tte r in tern al plent co n dition s for photosynthesis a re  advantages Iwhen low s o i l  temperatures do not lim it  plant growth, Improved c o il  tem peratures allow  crops to take f u l l  advantage o f long sunlight days, and and often higher y ie ld s  nrc  produced than in the hast commercial production areas of the n a tio n .? . The C .S . Arr.y has leveled the land adjacent to  the povcr plant at Tort Vainvrrigbt, has added peat s o il «r.wndDont to sp e c ific a tio n s  supplied by the A g ric u ltu ra l Experiment Statio n , nod ir. in  the f in a l  stages of in s t a l l in g  hurled pipes to d is s ip a te  waste boat in  experimenta1 p lo ts . In ndd.ition, plans nrc underway to construct greenhouse f a c i l i t j os heated hy VM.te beat adjacent to the test p lo ts  according to technology tra n sfe rre d  from greenhouse research at the A gricu ltu ral fcxpcri>t*nt S ta tio n .t>. S p e c ific  tardu, to be accomplished co o p eratively  by the A g r ic u ltu r a l Experir* it Station at t lie sc f a c i l i t i e s  i f  an Appropriation in provided ore ss follow.-,;
i



b. To ncterrlne the extension of growing season that cr.n be achieved 
both in the greenhouse and out-of-doors using bcctea soil.

c. To determine the proper fertility and Irrigation practices necessery for
these syitems.

d. To p k nice the possibility of proving ccrrsarcial cut flowers such r.s roses, 

carnations and chryeanthejmics using soil warning in a greenhouse environment.

e. To detect and correct any disease or insect problems that my develop 
under these growing syeter.s.

9- Successful development of this technology will demonstrate an effective cystea 
for dissipating vaste heat from power plants in a manner that will substantially reduce 
ice fog pollution, and vill provido the technology necessary to expand the horticultural 
industry in Alania through a system of energy conservation. This work is an essential 
step in developing energy conservation in Al&Gka.

Additional details of this research ere available in a proposal provided to the House 
Kesources Comlttea.

S i n c e r e l y ,

J am a s  V .  Drew
Director, Agricultural tspfcrimant Station 
Fairbanks, Alaska



THE LEGISLATURE 01- THE STATE OF ALASKA 
TENTH LEGISLATURE

REQUEST 
Bill/Resolution No. 
Title "An Ac t

FISCAL NOTF, 

Senate B il l  Mo. 1 3

KE.Niiitttsa>:*■:< Surplus He.i t U t i  1 i z a t i o n . . . “
REQUESTED BY Senator K e r ttu la

JaLver.s i_iy_cf. ur1y_a£
------------------ Datc_Jiinuarv ?fi. 1 0 7 7

II. FISCAL DETAIL 
Agency Affected, U niversity  o f  Alaska
Program Category Affected Education
Budget Request Unit(s) Affected Aoric.nl tural Eypnr-inpnt Sta tin n /flrgani ypd Pnsparrh

EXPENDITURES (TItousands o f Dollars)

FY 77 FY 78 FY 79 FY 80 FY SI FY 82
JQQ PERSONAL SERVICES 4 ? M 7 43.9 . -n_ -n.- -0-
200 TRAVEL -0- ?.3 -n- - 0 - -n- -n-
300 ...CONTRACTUAL . -0- 1.7 - 0 - - 0 - -n- -0-
400 COMMODITIES -Q- . 5.<5 ? 5 -n- -n- -n.
50t) EQUIPMENT -0- .0.5 . - 0 - -n- ... -n- -n- •
600 LAND & STRUCTURES -0- -0- -n- -n~ -rp -n.
7Q0 .GRANTS. CLAIMS. ETC. -n- -n- -0- -n- -n- -0-

TOTA L
J L Z . . 5Q.7 -n- .rJlr _^Qc_

FUNDING (Thousands of Dollars)

GENERAL FUND A ?- ... .50.7 .. 46.4 - 0 - ......- 0 - -n-
F'EDEKAL FUNDS - 0 - - 0  • - 0 - _. - 0 - r0 - - 0 .
OTHER (Specify) - 0 - .. . . -Or _ -n- - 0 - ...-0 , ...... - 0 -

POSITIONS 

FULL TIME . 1 . .1____ . 1 -n . . -n- . 0 .
PART t im e : - 0 - - 0 - . - 0 -. . .--(lr. . - 0 -
TEMPORARY _____1..... 1 .  ..... j .. - 0  • . - 11.- -n-

III. ANALYSIS (See Fiscal Note Preparation Instructions, Section III) 

See Attachment

IV. DATE January 27.  1977

Original: Legislative Finance 
cc: Budget and Management

Prime Sponsor (First Legislator Named)

.PREPARED itY Dr. .J3i)iuI iUl-JDit iki iL_f lrafessot i .oJLPJai i t _
ACENCY^l’ysiology.^gciarLtriCiLExpenimenLStation_______
PHONE J l Z 9r2G52_ ---------------------- U niversity o f Alaska



Senate B i l l  No. 13 
Pro jec t  Summary Tota ls

100 Personal Services

FY 77 $ 4,209.97
FY 78 $40,655.95
FY 79 $43,850.92

200 Travel

FY 77 $ 0
FY 78 $ 2,350.00
FY 79 $ 0

300 Contracture! Services

FY 77 $ 0
FY 78 $ 1,700.00
FY 79 $ 0

400 Corrcnodi ties.

FY 77 $ n
FY 78 $ 5,540.00
FY 79 $ 2,500.00

500 Equipment

FY 77 $ 0
FY 78 $ 500.00
FY 79 $ 0

$ 88,716.84

$ 2,350.00

$ 1,700.00

$ 8,040.00

$ 500.00

TOTAL $ 101,306.84



Senate R i l l  No. 13 
Ana lys is  ..f F isca l  Note

FY 77 Costs

100 Personal Serv ices

Senior Research Ass is tan t  (21A) $2,635.57

This p o s i t i o n  would be employed fo r  one 
month p r io r  to  FY 78 to begin implementa­
t io n  o f  the  research pro jec t .  The Senior 
Research A s s i s t a n t  would be a s p e c ia l i s t  
in h o r t i c u l t u r e  technology and would be 
respons ib le  f o r  data ana lys is ,  background 
prepara t ion ,  and other du t ies  as assigned 
by the p r o j e c t  head.

$1,895.00 Salary ($1,895.00 per month 
x 1 month)

301.31 I.eave Allowance (15.9%)
$2,196.31* Subtotal

439.26 S t a f f  Benef i ts  (202)

$2,635.57* Pos i t ion  Total

H o r t i c u l tu r e  Tra inee (11A ) (Temporary help) $1 ,574.40

This p o s i t i o n  would be employed fo r  one 
month p r io r  to FY 78 to perform gardening 
func t ions  and other tasks. This pos i t ion  
would weed, care fo r  harvest ,  weigh the 
garden products ,  and perform other labor du t i e s .

$1,312.00 Salary ($1,312.00 x 1 month)
262_. 40 S t a f f  Benef i ts  (202)

$1 ,574740 Pos i t ion  Tota l

$ 4 , 2 0 9 . 9 7

TOTAL FY 77 COSTS $4,209.9/



F Y  7 3  C o s t s

100 Persona 1 Services $ 4 0 , 6 5 5 . 9 5

Senior Research Ass is tan t  (PIA) $31 ,209.55

This pos i t ion  would be needed for  12 months 
to deve lop the pro jec t .  The person employed 
would be a hor t icu l tu re  s p e c ia l i s t  who would 
care f o r  p lan ts ,  ca lcu la te  data documenting 
p ro je c t  accomplishments, and do other duties 
as assigned by the pro jec t  head.

$22,440.00 Salary ($2,040.00 per month 
x 11. months)

3,557.96 Leave Allowance (15.9%)
~$26~,O0/.96 Subtotal

5,201.59 S t a f f  Bene f i ts  (20%)

$31 ,209.b l T  Pos i t ion  Total

H o r t icu l tu re  Tra inee (11A ) $ 9,446.40
(Temporary Help)

This p o s i t io n  would be responsib le  for 
performance o f  ho r t icu l tu re  labor functions 
re la ted  to the pro jec t .  The person would 
do maintenance dut ies  o f  weeding, caring 
fo r  p lan ts ,  e tc .

$7,872.00 Salary ($1,312.00 per month 
x 6 months)

1 ,674.40 S t a f f  Benef i ts  (20%)

$9,446.40 Posit ion Tota l

Trave l  required to review waste heat a g r i -  $ 850.00
cu l tu re  pro jec ts  in  parts o f  United S tates ,  
such as Minnesota, Oregon, Idaho, e t c . ,  to 
ana lyze  various techniques fo r  app l ica t ion  
in  A laska .  .

Ice land is one o f  the major countr ies that $ 1,200.00
cu r r e n t l y  employes v/astc heat fo r  industry
uses. A review of i ts  techniques would be
done to examine for  methods useahlc in
Alaska n envi ronment.

Three t r i p s  to  and from Palmer would bn $ 300.00
necessary to bui ld  greenhouse f a c i l i t i e s .
Transporta t ion to in s ta l l  equipment and 
appl iances  would be required.

200 Travel $ 2,350.00



Photography serv ices  w i l l  be required to $ 500.00
record r e s u l t s  o f  study. Computer services 
w i l l  be needed to ca lcu la te  and analyze data 
produced.

Pub l ica t ion  o f  study to report  f indings o f  $ 1,200.00 
the p r o je c t s .  Pr in t ing  and mailing costs 
are included in the f igure .

400 Commodi t i e s

Supplies  necessary for waste heat research

a) Thermo Couple Wire $ 175.00
b) S takes ,  Tags, Bags Containers 200.00
c) F e r t i l i z e r s  and Growth Media 800.00
d) Shade Cloths and A l t e ra t ion s  to  Attach

1 ° Th is J o n ‘ nr!
e) P lan ts  and Shipping 2,o00.00
f )  Spec ia l  Tubing ?o?’ nng) Pots 325.00
h) Vexar N e t t ing  , c n n
i )  Spec ia l  Tools (Knives,  pruning shears) / j .OO
j )  In s e c t i c id e s  '0..00
k) Connections f o r  Steaming So i l  ^7b.uu

T  "57540700

500 Equipment

Specia l  pumps and f e r t i l i z e r  in j e c to r  are 
necessary f o r  p ro jec t .

$ 5,540.00

$ 500.130

FY 78 TOTAL $50,745.95
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Senate B i l l No. 13 

FY 79 Costs

100 Personal Services $43,050.92

Senior Research Assistant (21B) $32,942.90

This pos ition would be responsible fo r 
maintenance and completion o f the p ro jec t.
The person would also prepare documentation 
fo r pub lica tion on the re su lts .

‘ $23,298.00 Salary ($2,118.00 per month 
x 11 months)

■ 3,704.33 Leave Allowance (15.9%)
1277002.38 Subtotal
5 ,940.52 S ta ff Benefits (22%)

$32,942.90 Position Total

Secretary (9A) $ 4,505.46

Secre ta ria l services would be necessary 
fo r three months to type p ro je c t resu lts 
fo r pub lica tion and maintain f i le s  on 
p ro je c t documentation.

$3,693.00 Salary ($1,231 per month 
x 3 months) ..

812.46 S ta ff Benefits (22%)
"$'T75ro74TT Position Total

Hort ic u ltu rn Trainee (11A) $6,402.56
(Temporary Help)

This pos itio n would be necessary to perform 
maintenance and gardening functions and 
o ther tasks. This person would weed, care 
fo r harvest, weigh garden products and 
perform o ther labor functions.

$5,248.00 Salary ($1,312 per month 
x 4 months)

1 ,154.56 S ta ff Benefits (22%)

$7)7402.56 Position Total

4 00 Commod i t i es_ $2,500.00

Supplies necessary to continue waste heat 
research:

a) F e r t i l iz e rs  and Growth Media $ 550.00
b) Pots 225.00
c) Plants and Seed 1,725.00

$2,500.00

TOTAL FY 79 COSTS $46,350.92

»
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R e s e a r c h  Proposal

The Development o f  te c h n o lo g y  n e c e s s a r y  t o  use  
" w a s t e "  h e a t  f o r  th e  enhancement o f  h o r t i c u l t u r e  i n  A la s k a  and 

t o  re du c e  th erm al p o l l u t i o n  problems

U n i v e r s i t y  o f  A la ska  
A g r i c u l t u r a l  Experiment S t a t i o n  

F a ir b a n k s ,  A la s k a  99701

I). 11. D in kel  
P r i n c i p a l  I n v e s t i g a t o r



Abstract

The purpose o f  t h i s  p r o j e c t  i s  t o  d e v e lo p  th e  h o r t i c u l t u r a l  
t e c h n o lo g y  n e c e s s a r y  t o  use th e  enormous q u a n t i t i e s  o f  e x c e s s  h eat  t h a t  
w i l l  be r e j e c t e d  i n  A la ska  from power p l a n t s ,  r e f i n e r i e s ,  p i p e l i n e  
pumping s t a t i o n s  and geothermal s o u r c e s .  The use  o f  w a s te  h e a t  f o r  t h e  
p r o d u c t i o n  o f  h o r t i c u l t u r a l  c ro ps  i n  greenh ouses  and heated a r e a s  o f  
s o i l  o u td o o rs  i s  common to  a l l  w i s e  p r o p o s a l s  to  c o m p l e t e l y  u t i l i z e  r e j e c  
h e a t .  The h o r t i c u l t u r e  p ro d u c t io n  p a r t  i s  n e c e s s a r y  b e c au s e  th e  h e a t  can 
be u t i l i z e d  dur in g  summer months and when l e s s  i s  r e q u i r e d  f o r  sp a c e  
h e a t i n g  o r  o t h e r  u s e s .

I t  i s  e s t im a te d  t h a t  th e  q u a n t i t y  o f  e x c e s s  h e a t  t h a t  would be 
a v a i l a b l e  from i n d u s t r y  i n  A la s k a  could  meet t h e  h e a t  e n e rg y  re q u ir e m e n ts  
f o r  hundreds o f  a c r e s  o f  high v a l u e  v e g e t a b l e  and f l o w e r  p r o d u c t io n .

In t h i s  p r o j e c t ,  both s o i l  h e a t i n g  and " s p a c e "  h e a t i n g  f o r  
gre enhouse s w i l l  be employed i n  c o n j u n c t i o n  w i t h  proven Northern 
A g r i c u l t u r a l  p r a c t i c e ,  w i th  t h e  d u a l  purpose  o f  improving  a g r i c u l t u r a l  
p r o d u c t io n  and re d u c i n g  f i n a l  ou tp u t  tem pe ra ture  and c o n se q u e n t ly  
thermal p o l l u t i o n  from power p l a n t  c o o l i n g  w a t e r .

The a g r i c u l t u r a l  i n d u s t r y ,  and p a r t i c u l a r l y  t h e  h o r t i c u l t u r a l  
i n d u s t r y ,  i s  p ro ba bly  i n  the b e s t  p o s i t i o n  o f  many o f  th e  enrgy consuming 
a c t i v i t i e s  to  use  lo w -g rade  h e a t  from c o o l i n g  w a t e r s  d is c h a r g e d  by 
i n d u s t r y .  The A g r i c u l t u r a l  i n d u s t r y  i s  a l s o  i n  th e  b e s t  p o s i t i o n  to  
u t i l i z e  the h ig h  temperature e x c e s s  h e a t  from th e  pumping s t a t i o n s  o f  
the o i l  and g a s  p i p e l i n e s .

C o n s id e r in g  th e  magnitude and b a s i c  importance o f  a g r i c u l t u r a l  
p r o d u c t i o n  and the  e x t e n t  o f  i t s '  energ y  u s e ,  a s i g n i f i c a n t  i n c r e a s e  
i n  e f f i c i e n c y  o f  p ro d u c t io n  would be o b ta in e d  through t h e  s u b s t i t u t i o n  
o f  wa ste  energ y  f o r  nonrenewable re so urc e-c o n sum in g  e n e rg y .  In a d d i t i o n ,  
the i n c r e a s e  i n  s o l a r  energy c o n v e r s i o n  to  food and ornamental  p l a n t s  
would be an important Alaskan and n a t i o n a l  g a i n .

The p r i n c i p l e  reason f o r  a g r i c u l t u r e ' s  f a v o r a b l e  p o s i t i o n  in  
A la s k a  i s  t h a t  growth r a t e s  a r e  i n c r e a s e d  d r a m a t i c a l l y  when s o i l  
te m pe ra tures  a r e  in c r e a s e d  s l i g h t l y  or  c o n v e n t i o n a l  greenh ouses and 
temporary p l a s t i c  canopie s  a r e  used t o  improve a i r  te m p e ra tu re s .
These p r a c t i c e s  make p o s s i b l e  i n  A la s k a  th e  use o f  s o l a r  energy t h a t  
o t h e r w i s e  i s  not  u s e a b le  f o r  food and o t h e r  b e n e f i c i a l  p r o d u c t io n .  In 
some i n s t a n c e s ,  lengthened  growing se a so n s  may perm it  a d d i t i o n s  o f  
a nother c r o p ,  p o s s i b l y  d oubli ng  and t r i p l i n g  p ro d uct io n  o f  the la n d .  
I n c r e a s i n g  A l a s k a ' s  c r i t i c a l l y  low s o i l  temperature  and u s i n g  c a n o p ie s  
and greenhouses c r e a t e s  a s i g n i f i c a n t l y  b e t t e r  p l a n t  growth environment 
than found i n  most o th e r  a r e a s  o f  the U .S .  becau se  o f  th e  lo ng  s u n l i g h t  
d a y s .  T h i s  advantage  should a l l o w  us to  produce high v a l u e  i n t e n s i v e l y  
c u l t u r e d  c ro ps  a t  world market p r i c e s ,  and more importa nt  p ro v id e  t h e s e  
p r o d u c ts  to  A la s k a n s .



Much o f  the b a s i c  in fo rm at io n  needed f o r  the e s t a b l i s h m e n t  o f  a 
h o r t i c u l t u r a l  i n d u s t r y  u s in g  w a ste  heat  i n  A la s k a  i s  a v a i l a b l e  i n  
l i t e r a t u r e  and from p r e l i m i n a r y  r e s e a r c h  i n  th e  s t a t e .  What i s  most 
needed now i s  a p p l i c a t i o n s  r e s e a r c h ,  and th e  e n g i n e e r i n g  and economic 
d e s i g n  r e q u i r e d  to demonstrate and i n c o r p o r a t e  what i s  known i n t o  
development p l a n s .

f

; The proposed r e s e a r c h  w i l l  be done by the  A g r i c u l t u r e  Experiment 
S t a t i o n ,  U n i v e r s i t y  o f  A la ska  i n  c o o p e r a t i o n  w i t h  (CRREL) Cold Regio ns 
Research and E ng in e e r in g  Labora to ry )  and th e  U .S .  Army.

The work w i l l  be done u s i n g  e x i s t i n g  greenhouse and crop f a c i l i t i e s  
a t  th e  F a ir b a n k s  A g r i c u l t u r a l  Experiment S t a t i o n  and i n  f a c i l i t i e s  t h a t  
a r e  f o r t u i t o u s l y  b e in g  deve loped by the U.S.  Army a t  F o r t  Wainwrig'nt 
to  r e d u c e  thermal p o l l u t i o n  and i c e  fo g  problems a s s o c i a t e d  w i th  t h e  
power g e n e r a t i n g  f a c i l i t y .

The e n g i n e e r i n g  and c o n s t r u c t i o n  f o r  much o f  t h i s  p r o j e c t  i s  
b e in g  done by th e  U.S.  Army and Cold Regions Research and E ng in eer in g  
L a b o ra to ry  (CRREL) ?*• the  F ort  Wainwright South Power P l a n t .  Heated 
"w a s te "  w a te r  with tempe ratures o f  +70°F to +85°F i n  l a r g e  q u a n t i t i e s  
i s  a v a i l a b l e .  E vapora tion  from the p r e s e n t  l a r g e  c o o l i n g  ponds 
a s s o c i a t e d  w i th  t h i s  waste  c r e a t e s  a se v e r e  i c e  fo g  problem i n  w i n t e r  
months. E f f o r t s  to  reduce t h i s  thermal p o l l u t i o n  problem a r e  underway 
by d i s s i p a t i n g  che h e a t  in  s o i l  by c i r c u l a t i n g  the warm wa te r  through 
a b ur le d  g r i d  o f  p i p e s .  Th’ r e  would be a s i g n i f i c a n t  advantage  t o  
A la s k a  and the  immediate community i f  th e s e  e f f o r t s  c o uld  be used to  
conduct t h e  deve lopmental  r e s e a r c h  n e c e s s a r y  to  demonstrate the u <e 
f o r  the tremendous q u a n t i t i e s  o f  unused h e a t  In the s t a t e .

In t r o d u c t i o n

The primary ene rgy so urc e  f o r  modern a g r i c u l t u r a l  fo o d ,  f i b e r  
and ornamental  pro d u c t io n  remains the sun;  however,  man has learn ed  
t h a t  he can i n c r e a s e  p r o d u c t i v i t y  o f  h i s  cro ps  by m o d ify in g  the p l a n t s 1 
environment f o r  maximum c a p tu r e  o f  s u n l i g h t .  T h is  environment m o d i f i ­
c a t i o n  i s  l a r g e l y  dependent upon the use o f  f o s s i l  f u e l s  t o  sup ply  t h e  
re q u ir e d  t e c h n o l o g i c a l  m a t e r i a l s  such as machinery,  p l a s t i c s ,  p e s t i c i d e s  
and petroleum f o r  h e a t i n g ,  farming,  d r y i n g ,  p r o c e s s i n g  and t r a n s p o r t a t i o n .

Much o f  th e  energy requir ed  to  produce i n t e n s i v e l y  c u l t u r e d  c r o p s  
in  A la s k a  i s  i n  the form of  h eat  re quir e m e nts .  T h is  ene rgy i s  needed to  
h e a t  greenh ouses and warm s o i l s .  I f  th e s e  heat  requir em ents  a r e  s u p p l i e d  
in  A la s k a  we then have a p l a n t  growth environment t h a t  i s  t e c h n i c a l l y  
s u p e r i o r  which should c r e a t e  an economic advantage even i n  re ga rd s  to  
competing on world markets f o r  commodities t h a t  c a r  be sh ip ped.  The 
advantage  i s  due to  t h e  improved p h o t o s y n t h e t ic  a c t i v i t y  o f  l e a v e s  i n  
s u n l i g h t  and c o o l  a i r  c o n d i t i o n s  (1 0 ) ,  and the l o n g e r  p e r io d  o f  t h i s  
ad va n ta g e .  An a n a l y s i s  o f  A l a s k a ’ s c l i m a t e  shows t h a t  d u r in g  a similar 
c a le n d a r  p e r io d  correspond in g  t o  May through mid-September,  th e re  a r e  
430 to 550 more hours o f  sunsh:ne  in  Alaska  than t h e r e  a r e  a t  l a t i t u d e s  
s i m i l a r  to  M in n e a p o l is ,  Minnesota and C h ic ago ,  I l l i n o i s .  The advantage



o f  t h i s  e x t r a  sun shine  for r a p i d  growth o f  adapted c r o p s  has been amply 
demonstrated by t h e  p r o d u c t io n  o f  th e  \./ell-known 7 0 - lb  A la skan  cabbage  
and by numerous r e s e a r c h  s t u d i e s  i n  A la s k a  ( 7 ) .  Thus,  the  l o n g e r  p e r i o d  
o f  s u n l i g h t  from March 20 t o  September 20 and t h e  b e t t e r  i n t e r n a l  p l a n t  
c o n d i t i o n  f o r  p h o t o s y n t h e s i s  a r e  advantages  t o  growt.i  i f  s o i l  t e m p e ra tu re  
or o t h e r  f a c t o r  does not  l i m i t  th e  a c t i v i t y .

I t  ha s  been demonstrated t h a t  one o f  th e  most c r i t i c a l  e n viro n m e n ta l  
f a c t o r s  t h a t  l i m i t s  t h e  growth o f  many crops  i n  A l a s k a  i s  th e  s o i l  temp­
e r a t u r e  ( 4 , 5 , 6 , 7 ) .  S o i l  tempera tu res t h a t  seldom r i s e  above 1 3 - 1 8 ° C .  
a t  th e  10  cm. s o i l  depth  d u r in g  th e  growing se a so n  impede seed g e r m in a t i o n  
and s e v e r e l y  l i m i t  the  growth o f  c e r t a i n  economic p l a n t s .  The optimum 
s o i l  tem peratures  f o r  most c u l t i v a t e d  c ro p s  ra n g e s  from between 21 and 30°C. 
In c re as ed  s o i l  te m pe ra tures  r e s u l t i n g  from the use  o f  c l e a r  p o l y e t h y l e n e  
on th e  s o i l ,  e l e c t r i c  h e a t i n g  c a b l e s  and b u r ied  s ty ro fo am  g i v e  g r e a t l y  
i n c r e a s e d  growth o f  cro ps  and e a r l i e r  m a tura t io n  ( 7 ) .  C l e a r  p o l y e t h y l e n e  
mulches c a u se  s o i l  h e a t i n g  by s o l a r  r a d i a t i o n  b ecause  o f  th e  entra pped 
l a y e r  o f  s t i l l  a i r ,  reduced m o isture  e v a p o r a t i o n  and th e  lo w er t r a n s m i s s i o n  
by p o l y e t h y l e n e  o f  th e  heat  r a d i a t i o n  from s o i l  a s  compared to the h i g h  
t r a n s m i s s i o n  Df  incoming s o l a r  r a d i a t i o n .  The improved s o i l  t e m p e r a tu r e s  
a l l o w  th e  c ro ps  t o  ta k e  f u l l  advantage  oi  t h e  lo n g  s u n l i g h t  d a y s ,  and 
o f t e n  h i g h e r  y i e l d s  a r e  measured than tho se  produced i n  t h e  b e s t  commercia l  
p ro d u c t io n  a r e a s  o f  t h e  n a t i o n .

Research i n  c l i m a t e s  such a s  Minnesota show t h a t  s o i l  warming by 
waste  h eat  does p r o v i d e  some improved growth r a t e  and some e x t e n s i o n  

_of the growing se a so n  ( 1 , 2 ) .  Due to no rm ally  warm s o i l s  d u r in g  mid­
summer in  Minnesota t h a t  a re  near optimum f o r  p l a n t  gro wth ,  waste  
energy can only  be used d ur in g  the s p r in g  and a g a i n  i n  th e  f a l l .
A la s k a ,  w i t h  the much c o l d e r  s o i l s  throughout the y e a r  and the g r e a t e r  
s u n l i g h t  dur in g  the  growing se a so n ,  o f f e r s  g r e a t e r  a d v a n ta g es  f o r  w a s t e  
h eat  u t i l i z a t i o n  f o r  the  pro d u c t io n  o f  high v a l u e  c r o p s .

The f e a s i b i l i t y  f o r  the  use  o f  low te mpera tu re  wa ste  h e a t  f o r  
h e a t i n g  o f  greenhouses has been r e p o r te d  (3,  10,  1 1 ) .  A l a r g e  g r e e n ­
house i n d u s t r y  has deve lo ped  i n  Ic e la n d  u s i n g  warm w a te r  from g e o t h e r -  
mai ly  heate d  s p r i n g s  f o r  h e a t i n g .  A v i a b l e  s e a s o n a l  greenh ouse i n d u s t r y  
has deve lo ped i n  A la s k a  u s i n g  f o s s i l  f u e l s  f o r  a h e a t  s o u r c e .  There  i s  
a s i g n i f i c a n t  need to  expand t h i s  i n d u s t r y  u t i l i z i n g  waste  heat  from 
i n d u s t r i a l  and geothermal  s o u r c e s .  The r i s i n g  c o s t  and s c a r c i t y  o f  
f o s s i l  f u e l s  to heat  greenhouse u n i t s  i s  a major t h r e a t  to the s t a b i l i t y  
and c o nt in uan ce  o f  the  n a t i o n ' s  greenhouse v e g e t a b l e  and ornamental  u n i t s .  
These f a c t o r s  appear  to  be b l o c k i n g  expansion and may a c t u a l l y  t e r m i n a t e  
the greenhouse i n d u s t r y  in  u r e a s  where a l t e r n a t i v e  methods o f  h e a t i n g  
cannot be found.

Energy from i n d u s t r i a l  s o u r c e s ,  u s u a l l y  i n  t h e  form o f  hot w a t e r  
a t  te mpera tures from 21 to 70°C, i s  no rm ally  wasted by d i s c h a r g i n g  i t  
i n t o  the a i r  or  i n t o  bo d ie s  o f  v/ater. These p o i n t  s o u r c e s  o f  unused 
heat  r e p r e s e n t  a poor s te w ard ship  o f  our r e s o u r c e s  and c a use  an e n v i r o n ­
mental impact  o f  c o n s i d e r a b l e  concern.  A s y s t e m a t i c  approach to  the  
u t i l i z a t i o n  o f  unused heat  s u g g e s t  I t s '  use ir, d i s t r i c t  h e a t i n g  o f



ho u s es ,  b u s i n e s s e s  and greenh ouses,  and i n  warming f i e l d  s o i l s  f o r  cro p  
p r o d u c t io n .

Extent  o f  unused h e a t : The e f f i c i e n c y  o f  modern f o s s i l  f u e l e d  e l e c t r i c a l
g e n e r a t o r  p l a n t s  i s  approxim ate ly  40%, w h i l e  t h a t  o f  n u c l e a r  p l a n t s  ra n g e s  
between 30 and 33%. Thus, o f  the t o t a l  e r f j g y  a v a i l a b l e  from the 
o r i g i n a l  f u e l  so urce  s l i g h t l y  ove r  o n e - t h i r d  i s  p r e s e n t l y  u se d .  The 
remaining t w o - t h i r d s  i s  r e j e c t e d  by be in g  d is c h a r g e d  i n t o  th e  enviro nm ent .  
About 85 p e r c e n t  o f  the  r e j e c t e d  heat  i s  d is c h a rg e d  i n t o  wa te r  b o d ie s  and 
15 p e r c e n t  i s  d is c h a rg e d  i n t o  the environment throug h th e  s t a c k .
Enormous q u a n t i t i e s  o f  ve ry  high temperature steam w i l l  be exhausted from 
the  Energy Resources o f  A la ska  r e f i n e r y  a t  North P o l e ,  A l a s k a .  Each 
pumping s t a t i o n  a lo ng  the t r a n s - A l a s k a  o i l  p i p e l i n e  w i l l  exhaust  l a r g e  
q u a n t i t i e s  o f  h e a t .  I t  has been e st im ated  t h a t  t h e  12 pumping s t a t i o n  
and l i q u e f a c t i o n  p la n t  f o r  a t r a n s - A l a s k a  g a s  l i n e  may exha ust  a p p r o x i m a te l y  
36 m i l l i o n  BTUs pe r  second.

F a c i l i t i e s :

The A g r i c u l t u r a l  Experiment S t a t i o n  40' x  90' e x i s t i n g  greenhouse  w i th  
a t ta c h e d  head house w i l l  be used to  produce t e s t  p l a n t s  and f o r  i n i t i a t i n g  
the  greenhouse work.  One 301 x 40' s e c t i o n  o f  th e  greenhouse w i l l  be 
s l i g h t l y  m od if ied  to  s i m u la t e  c o n d i t i o n s  t h a t  w i l l  be a s s o c i a t e d  w i t h  a so urce  
o f  hot w a t e r .

The major p l o t  work w i l l  be doiie a t  Fort Wainwright near the Power 
p l a n t  c o o l i n g  pond. The U.S.  Army and CRREL a r c  concerned about the vapor 
p o l l u t i o n  problems a s s o c i a t e d  with the c o o l i n g  pond and about the th erm al 
w a s t e .  They have agreed to  support  a j o i n t  e f f o r t  to  the e x t e n t  t h a t  the y  
w i l l  p ro v id e  e n g in e e r in g  and most o f  the c o n s t r u c t i o n  f o r  th e  study s i t e .
The A g r i c u l t u r a l  Experiment S t a t i o n  wishes to c o o p e ra te  by s u p p ly in g  the 
h o r t i c u l t u r a l  r e s e a r c h  e f f o r t .

CRREL has l e v e l e d  the land a d ja c e n t  to  the s i t e ,  added p e a t  s o i l  
amendment to our s p e c i f i c a t i o n s  and a r e  p r e s e n t l y  i n  th e  f i n a l  s t a g e s  o f  
i n s t a l l i n g  the d i s t r i b u t i o n  system and the p i p i n g  to  heat  some t e a t  p l o t s .  
There p r e s e n t l y  a re  3 t e s t  p l o t s  50' x 150'  t h a t  w i l l  be heated w i t h  a d j a c e n t  
c o n t r o l  p l o t s .  CRREL p r e s e n t l y  has p la n s  t o  c o n s t r u c t  greenhouse f a c i l i t i e s  
a d ja c e n t  to  th e s e  t e s t  p l o t s  to  t r a n s f e r  the t e c h n o lo g y  from the  A g r i c u l t u r a l  
Experiment S t a t i o n  greenhouse to an o p e r a t i o n a l  system .

T a s k s :

To determine proper crop v a r i e t i e s  and p r o d u c t i v e  c a p a c i t y  o f  
v e g e t a b l e s  under the proposed system o f  near optimum s o i l  te m p e ra tu re .

To determine  the amount o f  season e x t e n s i o n  t h a t  can be a c h iev ed  both 
in  the greenhouse and out o f  doors u s i n g  s o i l  h e a t i n g  w i t h  and w i th o u t  
p l a s t i c  c a n o p ie s .

To determine the  proper f e r t i l i t y  and i r r i g a t i o n  p r a c t i c e s  n e c e s s a r y  
f o r  t h i s  typ e  o f  system.

»
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To examine t h e  p o s s i b i l i t y  o f  growing commercial c u t  f l o w e r s  such as 
r o s e s ,  c a r n a t i o n s  and chrysanthemums by u s i n g  a system t h a t  has heat  
provided  i n  th e  s o i l  and t h a t  would grow f o r  9 months and d u r in g  t h e  d a rk  
months o f  November, December and January would be h e ld  a t  a s t o r a g e  
tempera tu re  o f  a p p ro x im a te ly  35°F.  During the dark  p e r io d  th e  greenhouse 
would be m od if ied  w i t h  heat  s a v in g  s h i e l d s  s i m i l a r  to  tho se  used i n  Europe 
so t h a t  heat  l o s s  c o uld  be re duced.)

, To determine i f  unusual  d i s e a s e  and i n s e c t  problems may d e v e lo p  a s  
a r e s u l t  o f  th e  warmer environment.t

A d d i t i o n a l  P r o j e c t  O b j e c t i v e s ;

Concurrent  w i t h  th e  h o r t i c u l t u r a l  o b j e c t i v e s ,  d a ta  w i l l  be produced t h a t  
w i l l  be u s e f u l  f o r  improving th e  c o l l e c t i o n  and d i s t r i b u t i o n  system f o r  
wa ste  energy i n  n o r t h e r n  c o n d i t i o n s .

In fo rm a t io n  w i l l  be. gathered  on thermal and vapor  p o l l u t i o n  abatem ent .  

P e r s o n n e l ;

The P r i n c i p l e  I n v e s t i g a t o r  and l e a d e r  f o r  the A g r i c u l t u r a l  Experiment 
S t a t i o n  e f f o r t  w i l l  be Dr. Donald H. D in k e l ,  P r o f e s s o r  o f  P la n t  P h y s i o l o g y .  
The l e g i s l a t i o n  i s  l a r g e l y  to  p r o v id e  r e s e a r c h  a s s i s t a n c e  to  Dr. D i n k e l .

The P r i n c i p l e  I n v e s t i g a t o r  and l e a d e r  o f  th e  CRREL e f f o r t  w i l l  be 
Dr. T e r r y  McFadden.
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Q, i t ' i.y wa s t e hea t ?

A. W.eite h r a t  i s  the term common I / u:;cd i.ur energy tha l  is  r e j e c t e d  
f r o m 'v a r i o u s  i n d u s t r i a l  s o u r c e s ,  i t  u s u a l l y  r e s u l t s  from th e  burning or 
o th e r  consumption o f  f o s s i l  f u e l s ;  however,  i t  may a l s o  r e s u l t  from 
n u c l e a r  power p l a n t s  or  r e p r e s e n t  th e  unused h e a t  from geotherm al s o u r c e s .
The waste  heat, r e j e c t e d  from a p r o c e s s  u s i n g  f o s s i l  f u e l  u s u a l l y  e x ce e d s  t h e  
amount o f  the  energ y  t h a t  i s  put to u s e f u l  work such as the prod uction  o f  
e l e c t r i c i t y .  For example,  most e l e c t r i c a l  power g e n e r a t i o n  f a c i l i t i e s  that, 
o p e r a t e  w i t h  f o s s i l  f u e l s  have o n l y  a 30 per c e n t  e f f i c i e n c y  and th e  remainder 
i s  r e j e c t e d  as hot  w a te r  o r  ho t  a i r .

Q. What i s  the e x t e n t  o f  unused heat  i n  Alaska?

A. The q u a n t i t y  i n  enormous a t  the p r e s e n t  Lime and i t  w i l l  i n c r e a s e
g r e a t l y  as  the p i p e l i n e s , - r e f i n e r y  and o t h e r  power p l a n t s  a re  p la ced
i n t o  o p e r a t i o n .  I t  i s  e s t i m a te d  t h a t  each pumping s t a t i o n  a lo ng  the 
T r a n s - A la s k a  P i p e l i n e  could h e a t  2000 homes. The e s t i m a te  f o r  the North 
P o le  Petroleum r e f i n e r y  i s  t h a t  10,000 homes could he h e a t e d .  Canadian 
s o u r c e s  estimate,  t h a t  e.w.h pumping s t a t i o n  tssoe.iated w ith  t h e i r  Mackenai/ 
V a l l e y  P i p e l i n e  w i l l  produce enough c l e a n  waste  heat  to meet, the re quir e m e nts  
fo r  1,5 I o 20 teres of greenhouse  v e g e t a b l e  p ro d uct io n .  However, th e r e  has 
not been an i n v e n t o r y  made o f  the p e s e n t .  and f u t u r e  s t a t u s  o f  the was to 
heal that  w i l l  he r e j e c t e d  and thal could  be used .in the s t a t e .

Q. Wluit are  some proposed u se s?

A. A g r i c u l t u r e ,  f i s h e r i e s and a« icuJLu r e ,  f o r e s t r y , p r o c e s s i n g and
d i s t r i c t  h e a l  In;; in commercial am domestic  a r e a s .  High temperature 
waste  heal a l s o  may be u s e f u l  in : .in c a s e s  for the g e n e r a t i o n  of  
e l e c t  r ie. • I y win re u s e s  can be Ic.ui loi the . emn i .u i ng Jowcr temperature 
heat so I h tL vapor and thermal. p o M u t i o n  i s  not a problem. For example,
.it would be l.eelm i.e. a i I y p o s s i b l e  tr- generate? e l e c t r i c i t y  from the high 
I cmperal.it co waste  from the North I o l e  Petroleum r e f i n e r y .  However, i f  
t h i s  i s  done th e  r e j e c t  ene rg y  would be in a form t h a t  could  not be i n ­
j e c t e d  i n t o  the upper atmosphere and would c r e a t e  a vapor or ic.e fo g  
problem durin g  w i n t e r  month.';. Agt ' c u l i u r e  and d i s t r i c t  h e a t i n g  could 
p r o v i d e  a use frw t h i s  remaining low tempe ra ture  r e j e c t  energ y ,

A'; r icuJ I n re
The high temperature r e j e c t  Irat. could  be useful,  fo r  fo ra g e  and 

g r a i n  drying, and may p r o v id e  the  n e c e s s a r y  component that: would malce. 
p o t a t o  p r o c e s s i n g  f e a s i b l e  in the  .Into  and t h e r e f o r e ,  expand po ta to  
product ion.

lleat energy c o n s i s t  fug o f  hot a i r ,  hot: water o r  steam and at 
l emperat.ures ranging, from H0"F to fJ00"F would be u*;eful fo r  greenhouse



product inn anil vegct  able- and plant. product Ion in a r r a s  that would suppoi l 
h o r t i c u l t u r e  c r o p  product Ion resu  I t i up, from s o i l  v m rmi n g . T in* one ol 
Llie heat  i n  gror .diouscs ami then dur in g  the summer months hi the s o i l  (in 
crop prod n e t . ion i s  n e c e s s a r y  to  a l l  wise  p r o p o s a l s  that  suggest  n near t o t a l  
use f o r  llie e n e rg y .  'I'll i s  crop use  i s  p ro ba bly  n c e e s s a i y  because it can 
u t i l i s e  tb c  low te mpera tu re  e nerg y  and would u t i l i z e  the beat as l e s s  i s  
needed f o r  ot:lier u s e s .  I t  a p p e a rs  to be an i m p o r t a n t  p a r t  o f  e v e r y  systems 
approach to u l i l . i z i u g  t h i s  re.sourcc because  the near t o t a l  use. o f  the 
r e s o u r c e  w i l l  make the  c o l l e c t i o n  and d i s t r i b u t i o n  more economical  f o r  
each u s e .

Aq u a c u l t u r e , For e s t r y  P r o c e s s i n g  and D i s t r i c t  H e at ing
The u s e  o f  h e a t  t o  improve pro d u c t io n  o f  f i s h e r i e s  through h a t c h e r y  

r e a r i n g  and i n  f i s h  p r o d u c t io n  ponds i s  s u g g e s t e d .  The heat  requirement 
f o r  f o r e s t r y ,  p r o c e s s i n g  i n d u s t r i e s  and in  d i s t r i c t :  h e a t i n g  o f  homes and 
b u s i n e s s e s  i s  o bvio u s  i f  th e  h e a t  can be c o l l e c t e d  and d i s t r i b u t e d .  The 
more c om ple te  use t h a t  would r e s u l t  by greenhouse  and s o i l  heat  use would 
p r o v i d e  a b e t t e r  economic p i c t u r e  f o r  the above u s e s .

Q. I s  our e nvironme nt  s u i t a b l e  f o r the t y p e s  o f  i n t e n s i v e  crop p ro d u c t io n  
t h a t  i s  su g g e ste d ?

A. During the (our  summer months i t  i s  s u p e r i o r  to most o i l ie r  a re a s  of  
the n a t i o n .  The no rthe rn  l a t i t u d e s  a re  r e c o g n i z e d  t o  have the. highest  
pliot osynt.hel: Lc: pro d u c t io n  r a l e  in the world d ur in g  th e s e  four  summer 

month:;.  I f  the se a so n  can he le ngth ened and/or t h e ' s o i l  vanned,  the 
p r o d u c t iv e  c a p a c i t y  can be f u r t h e r  i n c r e a s e d ,  and t h i s  phot.osynthet.ic 
advantage  f u r t h e r  e x p l o i t e d .Q. Why liasn*t the greenhouse industry developed without the waste heal use?
A. f t  i s  one o f  A l a s k a ’ s majoi a g r i c u l t u r a l ,  i n d u s t r i e s  at. the. present 
t ime,  but :i I: has been deve lo ped through th e  use o f  f o s s i l  f u e l s  which a re  
even h i g h e r  in  c o s t  than the y  a r e  in I lie r e s t  of  the n a t i o n .

Q. There  a r e  j .odicn j Lons t int, hundreds o f  a c r e s  o t greenhouse and soi  l 
heated v e g e t a b l e  p r o d u c t io n  i s  p o s s i b l e .  Could a l l  o f  th e s e  prod ucts  
be marketed in A la ska ?

A. Wo. b e s i d e s  p r o v i d i n g  A la s ka n s  w i t h  v e g e ta b l e : ,  and ornamental, 
p l a n t s ,  i t  would be n e c e s s a r y  to  market, c u t  f lo w e r s  such as r o s e s ,  
c a r n a t i o n s ,  chrysanthemums and e t c .  on national,  and world m a rke ts .  I t  
i s  proposed th a t  t h i s  could be done compel, i veil y dur in g  5-6 months o f  Llir 
year  becau se  o f  A1 s k a ’ s s u p e r i o r  environment f o r  greenhouse pro d u c t io n  and 
through the use o f  waste  e n e rg y .

Q. Why do you f e e l  that  i t  :i.s Important t o  examine n a t i o n a l  and world 
markets f o r  c ut  f l o w e r s ?



\\ Ht’c.t’ iiU’ il appeal I o I c n e c e s s a r y  at I !i< |»r**f;<*nl l.i.ie in o rd er
to rn.i! <• 1:101 e complete use < I our unused K’s o n i  r e ,  Tl a l s o  wop Id add I o
the si a b i l i t y  o f  o u t  economy lit h a v e  a retmwab.le ri ’ Hmircc u e h  a s  t h i s  
cost 1 .i bul.i up, to  I. i i • s t a t e ' s  economy. ft would a I »o d c c i e a s o  I ho n a t i o n ' s  
con:iUi'.ipti(Mi ul f o s s i  1 f u e l s  now ion I f o r  t h i s  purpose in  Hie present: 
greenh ouse  g r o w i n g  a r e a s .

Q. ','ita!. w i l l  ho Ih"  tempe rature  of  the Waste Heat.?

A. i h o  temperature  o f  Llio r e j e c t  hoot e n e rg y  w i l l  v a ry  w i t h  the typ e  o f
i n d u s t r y  and w i l l  ra n g e  from about ciO°I;’ to  above 800c’l'.  i t  w i l l  be
exh a u ste d  a s  h o t  a i r ,  hot  w a te r  o r  steam.

It i s  e x p e c te d  t h a t  not a l l  r e j e c t  e n e rg y  could be u t i l i z e d  a t  t h i s  
t ime b e c a u s e  o f  a c c e s s i b i l i t y  proble ms,  the l a c k  o f  a d ja c e n t  growing 
a r e a s  and th e  l a c k  o f  t e c h n o l o g y .  A systems approach w i th  a g r i c u l t u r e  as 
a major u s e r  a ppears  to  g i v e  th e  b e s t  p o t e n t i a l .

(J. l.Tiat i s  the  u r gency i n  the  l e g i s l a t i o n  now in  p ro c e ss?

A. V.'c must promote the u s e  or  i t  w i l l  not happen.  The p o t e n t i a l  f o r  use  
must be d e s ig n ed  i n t o  the  sy stem i n  the b e g in n i n g  in  o rd er  to d e ve lo p  the 
most economical  r e c o v e r y  system .  For example I lie o i l  p i p e l i n e  pumping 
s t a t i o n s  wore no I d es ign ed  w i t h  r e j e c t  heal use  in mind,and,  t h e r e f o r e ,  
i t  w i l l  cost  more to  r e c o v e r  I lie heat

Although the te c h n o lo g y  appears  to  he a v a i l a b l e  a t  the p r e s e n t  t ime 
to make economical  use of  the e n e rg y ,  it. i s  n e c e s s a r y  to demonstrate t h i s  
and to i npi ove  t h i s  t e c h n o l o g y .
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