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FUEL CELL EXPERIENCES AND IMPRESSIONS 

S. Orlofsky 

Columbia Gas System Se rv ice  Corpora.tion 

I n  July,  1961, Columbia e n t e r e d  i n t o  a n  ,agreement 

with the Prat t  and Whitney A i r c r a f t  D iv i s ion  of United A i r c r a f t  

Corporation f o r  the j o i n t  developaant and f i e l d  t e s t i n g  o f  a 

500 watt prototype hydrox h e 1  c e l l  powerplant. So promising 

was t h i s  i n i t i a l  venture  t h a t  a second agreement f o r  t h e  develop- 

ment of a 3.75/natural  g a s - a i r  h e 1  c e l l  powerplant was negot ia ted 

i n  September, 1963. I n  February, 1967, a group o f  27 n a t u r a l  gas 

indus t ry  companies formed TARGET, "Team t o  Advance Research f o r  

Gas Energy Transformation, Inc." ,  t o  sponsor and guide a m u l t i -  

m i l l i on  d o l l a r  r e s e a r c h  program f o r  t h e  development o f  a market- 

a b l e  f u e l  c e l l  powerplant ope ra t ing  on n a t u r a l  gas .  Pra t t  and 

Whitney A i r c r a f t  i s  prime c o n t r a c t o r  f o r  t h e  TARGET program'wlth 

the I n s t i t u t e  o f  Gas Technology as subcon t rac to r .  

Kw 

Columbia has one primary reason f o r  p a r t i c i p a t i n g  i n  

f u e l  c e l l  R & D programs: t o  s e l l  more n a t u r a l  gas!  We know 

t h a t  a f u e l  c e l l  consuming methanol, o r  hydrazine,  o r  hexamethyl 

chickenfat  i s  b a s i c a l l y  unsu i t ed  f o r  o u r  requirements .  Since 

n a t u r a l  gas, which i s  predominantly methane w i t h  l e s s e r  anounts 

of the heav ie r  p a r a f f i n  hydrocarbons, i s  q u i t e  un reac t ive  e l e c -  

t rochen ica l ly ,  we had followed some devious r o u t e s  i n  bti i lding 

\ prototype demonstration hard::rare. We are i n t e r e s t e d  I n  any f u e l  
/ 

c e l l  type, ac id ,  a l k a l i n e ,  high temperature,  o r  what-have-yQu t h a t  

econos lca l ly  u t i l i z e s  n a t u r a l  gas t o  produce e l e c t r i c i t y .  
\ 
1 
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Economical Energy Transmission 

It is the high efficiency with which the chemical 

energy of a fuel is converted to more valuable electrical energy 

that attracts our interest. The most modern multi-megawatt central 

generating stations operate at about 40 percent efficiency. 
transmission of energy as electricity introduces -other inefficiency. 

Line losses represent a significant portion of the power produced 

as it is wired from the central plant to the ultimate consumer. 

And, 

Fortunately for the gas industry, it is a simple 

engineering and economic fact that the electrical industry 

cannot supply energy units as inexpensively as the gas industry. 

The electric industry has to convert chemical energy to electrical 

energy in central power stations and then transport the energy 

through wires to the point of consumption. The cost of doing this 
81 

is fa r  greater than the cost o f  transporting natural gas energy f I  

' 

a 

to the consumer. The result is that throughout the United States, 

regardless of the class of customer, electricity costs 3 - 10 
times more than natural gas at the meter for an equivalent 

amount of energy. Although a utilization efficiency correction 

factor must be applied to gas costs, it does not significantly 

affect the basic cost relationship. 

r 
I 

f 

J 
Conventional central-power stations are very well 

known contributors to air pollution. A typical coal consuming 

central station will produce 7.7 pounds of solid exhaust emissions 
per million Btu. Very substantial quantities of sulfur dioxide 

are alp0 released to the atmosphere. The natural gas fuel cell 

produces none of these. 

! 

/ 
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500 Watt Hydrox Powercel 

Columbia's first, and the free world's first industrial 

fuel cell.engine, was developed by Pratt and Whitney Aircraft 

Division o f  United Aircraft Corporation. This 500 watt, hydrogen- 

oxygen Bacon-type unit was delivered to us in December, 1962, 

where it was installed at our Stanton, Kentucky, transmission 

compressor station--located in the hills of southeastern Kentucky. 

The 28 cu. ft. engine package consisted of 17 cells 

arranged electrically in series, chemically in parallel. Each 

folded can cell contained four dual-porosity nickel electrodes, 

each 5 inches in diameter, and fuel and oxidant chambers separated 
by a space f o r  the 85 percent potassium hydroxide electrolyte. 

The Powercel PC5A1 operated at 450'~ cell-electrolyte temperature 
and atmospheric pressure. The correct operating temperature and 

electrolyte water concentration were maintained by circulating an 

excess quantity of fuel through the cells. This fuel, carrying 

the heat and water, was pumped out of the cells and circulated 

through a heat exchanger-condenser system. 

Open circuit voltage of the powerplant was 20 VDC cor- 

responding to 1.2 VDC per cell. At full load, the cutput voltage 

dropped to 15 VDC of 0.88 VDC per cell. Actual hydrogen consump- 

tion rate was 0.056 lb/hr.  at maximum power corresponding to an 

overall fuel to DC buss efficiency o f  49 percent. 

requirement was 60 watts to operate the hydrogen circulating pumps. 
Parasitic power 

Predictably, there were some unique problems associated 

with startup and operation of the prototype powerplant. One of 

our first pvoblems %as ho1ding.a small positive pressure on the 

cells anytime the unit was hot to prevent flooding. Flooding 
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can occur as a r e s u l t  of l o s s  of r eac t an t  pressure within the 

c e l l s  a t  operat ing temperature, o r  inadequate removal of the 

excess water. Ult imately,  these problems were t r aced  t o  

plugging a t  t he  hydrogen I n l e t  l i n e s .  

The f u e l  c e l l  was operated a t  p a r t i a l  load f i r s t  

on P&WA hydrogen containing 8 Ppm C02 and then on Stanton 

hydrogen containing 195 ppm Cog. 

connected ac ross  t h e  modui hydrogen system. During t h e  t e s t  

w i t h  P&WA hydrogen, no inc rease  i n  pressure drop was observed 

during the course of t he  12-hour run, b u t  performance gradual ly  

decayed. Water content of some c e l l s  Increased from the normal 

15 percent t o  27 percent  a t  the  conclusion of t h i s  t es t .  A 

subsequent t e s t  using the  Stanton hydrogen terminated a f t e r  30 

A water column manometer was 

minutes due t o  c e l l  plugging. 

One c e l l  was s p l l t  open t o  recover a plug deposi t  

sample f o r  a n a l y s i s .  The plugs occur a t  the po in t  of maximum 

hydrogen v e l o c i t y  where t h e  i n l e t  hydrogen impinges on the  coarse 

por s i n t e r .  The a n a l y s i s  by X-ray d i f f r a c t i o n  ind ica t ed  

potassium carbonate.  
I 

Clearances on t h e  hydrogen i n l e t s  t o  t h e  c e l l s  can be I 

extremely close.  C e l l  X-ray photos i n d i c a t e  c learance ranging 

from 0.067 inches maximum t o  less than O.@O inches between the 

hydrogen l i n e  i n  t h e  o u t e r  s h e l l  and t h e  s i n t e r .  T u r r e t s  were 

i n s t a l l e d  a t  a lower p o s i t i o n  on t h e  cells where clearance i s  

g r e a t e s t .  The tu r r e t s  a l s o  serve t o  lower t h e  in le t  hydrogen 

ve loc i ty .  

i n t e r n a l  module h e a t e r s .  

/ 

U s e  of  t h e  t u r r e t s  n e c e s s i t a t e s  r edes ign  of t h e  



I n  view of t he  d e f i n i t e  e x i s t e n c e  o f  carbonate  plugs 

.and the apparent r e l a t i o n  t o  f u e l  carbon dioxide l e v e l  but  the 

coaplete  absence o f  potassium hydroxide o r  carbonate i n  t h e  c i r -  
I 

; c u l a t i n g  con t ro l  system, v i s u a l i z i n g  t h e  source bf  KOH f o r  the 

j p lug buildup caused a problem. However, P&WA's phys i ca l  chemists 

have experimental ly  e s t a b l i s h e d  t h a t  a t  l e a s t  a monomolecular 

l a y e r  of KOH e x i s t s  a t  t h e  coarse  po re - fue l  i n t e r f a c e .  The KOH 

I migrates  from t h e  e l e c t r o l y t e  through t h e  ad jacen t  f i n e  pore and 

through t h e  coarse  pore t o  the e x t e r n a l  coarse  pore s u r f a c e  which 

forms one f ace  of  t he  hydrogen i n l e t  chamber. Th i s  KOH a c t s  as a 

n a t u r a l  C02 scrubber .  

The experience t o  date  is very t y p i c a l  o f  t h e  d i f f i c u l t i e s  
h 

t h a t  occur i n  t r y i n g  t o  g e t  an instrument  o r  p rocess  from t h e  

l abora to ry  i n t o  the  f ie ld .  Though t h e r e  had been many problems 

found i n  the shakedown o f  t h i s  system, t h e y  have been o f  a simple 

and t r o u b l e s m e  na tu re  r a t h e r  t han  deep-rooted. 

J 

3.75 KW Natural  G a s - A i r  Powercel 

Our second working prototype powerplant was de l ive red  i n  

July,  1966. Th i s  u n i t  was a l s o  b u i l t  by P&WA. It i s  installed a t  

Columbia's Marble C l i f f ,  Ohio, r e sea rch  l a b o r a t o r i e s  where i t  pro- 

vides the power requirements f o r  a simulated homw. 

I 1 

\ 
I 

The 43 cu. f t .  engine package i s  a completely self-  
S 1 contained demand-responsive powerplant, providing 3.75 KW a t  the  buss 

) bar. P a r a s i t i c  power consumption i s  300 watts t o  supply an a i r  pump, 

7 a cooling o i l  pump, water pump and e l e c t r o n i c  c o n t r o l s .  The Powercel ' generates  e l e c t r i c i t y  a t  a nominal 28 VDC a t  f u l l  l oad  consuming 

, 0.645 SCFM of n a t u r a l  gas f o r  an o v e r a l l  e f f i c i e n c y  of 38,percent .  
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Desulfur ized n a t u r a l  g a s  and demineralized water a r e  i l  

I 
fed through a b o i l e r  i n t o  the reformer.  To achieve maxinum hydro- 

gen production, the primary r e a c t o r  prodlict gas  stream i s  cooled 

somevrhat and passed t o  a secondary carbon monoxide s h i f t  r eac to r .  

I n  t h i s  process,  t h e  carbon monoxide formed during t h e  previous 

processes r e a c t s  chemically w i t h  water t o  form a d d i t i o n a l  hydrogen . 

and carbon d iox ide .  

fiislon’ through pa l l ad ium-- s i lve r  d i f f u s e r s .  

Hydrogen I s  removed from the reformate by  d i f -  

T h i s  u l t r a - p u r e  hydrogen i s  piped t o  t h e  c e l l  s t a c k s ,  

Separator  waste g a s e s  a r e  burned e x t e r n a l  t o  the  reformer t o  pro- 

vide heat f o r  t he  endothermic gas  steam r e a c t i o n .  Excess steam 

I s  provided i n  t h e  r e a c t o r  t o  prevent  carbon deposi t ion.  
it ” 

The hydrogen gene ra to r  i s  designed t o  ope ra t e  over  a wide 

‘range o f  hydrogen product ion flows, depending on t h e  f u e l  c e l l  re- 

quirements. A surge t ank  l o c a t e d  downstream of‘ the hydrogen p u r i -  

f i e r  uni t  s u p p l i e s  hydrogen t o  the f u e l  c e l l s  on.demand and allows 

the  generator  t o  a d j u s t  t o , a  new s t eady  s t a t e  l c a d  l e v e l .  

f ,  

I; 

II 
Process  a i r  supply serves t h e  dual purpose o f  providing 

oxygen f o r  t h e  f u e l  c e l l  r e a c t i o n  and  removing water. produced by 

t h e  electrochemical  r e a c t i o n .  Since t h i s  i s  a n  a l k a l i n e  e l e c t r o l y t e  

system, process  a i r  i s  condi t ioned t o  remove carbon dioxide.  . Elec- 

t r o l y t e  water c o n c e n t r a t i o n  i s  maintained by r ecyc l ing  a po r t ion  of 

/I 

the oxygen-depleted moi s t  a i r .  [I 

Two s t a c k s  o f  36 c e l l s  each, arranged e l e c t r i c a l l y  i n  r4 
r i  

p a r a l l e l  provide t h e  n e t  3.75 KW ou tpu t .  The compact hydrogen-air 

f u e l  c e l l s  u sed  i n  t h i s  system have a n  a c t i v e  area of 7.5 inches 

by 7.5 inches.  Each  c e l l  con ta ins  two ca t a lyzed  porous e l ec t rodes  
,’! 
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separated by a n  a sbes tos  matr ix  con ta in ing  a n  aqueous s o l u t i o n  

O f  potassium hydroxide. The individl ia l  c e l l s  a r e  sepa ra t ed  by .  

metal cool ing p l a t e s  w i t h  i n t e g r a l  cool ing flow passages.  The 

cooling p l a t e s  a l s o  serve as  gas  d i s t r i b u t i o n  housing, cu r ren t  

c o l l e c t o r ,  and c e l l  mechanical s t r u c t u r e .  The e n t i r e  c e l l  includ- 

ing e l e c t r o d e s ,  e l e c t r o l y t e ,  gas housing and coo l ing  p l a t e  i s  about 

0.17 Inches wide, o r  a p i t c h  o f  about s i x  c e l l s  p e r  i nch .  

The PC-IO opera t e s  a t  a g r o s s  power d e n s i t y  o f  150 watt/ 

sq. f t .  

Extensive non i to r ing  in s t rumen ta t ion  was provided a t  

t h i s  Powercel i n s t a l l a t i o n  so  t h a t  we could observe f u e l  c e l l  sys- 

tem performance under condi t ions of  rapic?ly changing load.  The f u e l  

c e l l  would s u s t a i n  t r a n s i e n t  overloads of 100 p e r  cen t ,  l i m i t e d  more 

by p r o t e c t i o n  dev ices  w i t h i n  the u n i t  t han  by p rocess  considerat ions.  

However, the s o l i d  s ta te  s t a t i c  i n v e r t e r  used t o  convert  t he  28 WC 

f u e l  cel l  output. t o  120 VAC would not  s u s t a i n  a n  overload,  even 

I n s  t a n  t aneo u s 1 y . 
Why is t h i s  s h o r t  term overload c a p a b i l i t y  important? 

I n  a n  e f f o r t  t o  simulate a narmal domestic power requirement,  

we have loaded the f u e l  c e l l  w i t h  some s t a n d a r d  AC home a p p l i -  

ances--clothes  washer, gas  c lo thes  dryer ,  r e f r i g e r a t o r ,  t o a s t e r ,  

e l e c t r i c  i ron ,  co f fee  maker, vacuum sweeper, and some not-so- 

s t anda rd  DC appl iances--a  DC a i r  cond i t ione r .  E l e c t r i c  motors 

c h a r a c t e r i s t i c a l l y  r e q u i r e  a treinendous c u r r e n t  surge t o  s t a r t :  

the s t a r t i n g  c u r r e n t  can be f i v e  t i n e s  t h e  normal run  cu r ren t ,  

bu t  l a s t s  f o r  less  than one second. As a n  example, a popular 

brand washer comes equipped w i t h  a 9 horsepower s p l i t - p h a s e  
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motor--this u n i t  draws almost 50 amps t o  s t a r t  bu t  runs a t  8 amps. 

For t h i s  program, a capaci tance start motor was s u b s t i t u t e d  which 

drew 22 amps t o  s t a r t  and. 7 amps run  cu r ren t .  

The homeowner j u s t  doesn ' t  concern himself w i t h  these  

problems because he does not  pay a demand charge on h i s  domestic 

e l e c t r i c  b i l l .  And, t h e  e l e c t r i c  company is n o t  concerned be- 

cause the  t ransformer  on t h e  pole i n  t h e  backyard serves e i g h t  

t o  t e n  houses: t h e  odds on two housewives c r e a t i n g  a simultaneous 

surge i s  smal l .  But, s t a r t i n g  surges  a r e  important  considerat ions 

In designing a system t o  provide a l l  domestic energy requirements.  

Reason f o r  Columbia's I n t e r e s t  i n  Fuel  Ce l l s  
. -  

Columbia i s  cha r t e red  t o  s e l l  energy--energy i n  the  form 

We have captured  92 per  cent  of  of the premium f u e l  n a t u r a l  gas .  

t h e  r e s i d e n t i a l  and commercial hea t ing  markets w i th in  our  opera t ing  

a r e a s ,  D i rec t  i n d u s t r i a l  s a l e s  account f o r  about  a q u a r t e r  o f  

ColumBia's t o t a l  annual  n a t u r a l  gas  sales, which are i n  excess  o f  

a t r i l l i o n  cubic  fee t - -and  t h i s  market i s  growing. Columbia is  

a c t i v e l y  seeking new markets.  
- 

A v a s t  market p o t e n t i a l  e x i s t s  f o r  n a t u r a l  gas in on- 

S i t e  power gene ra t ion .  Columbia a l r eady  has i n s t a l l a t i o n s  where 

gas provides  a l l  of  the  energy requirements,  inc luding  e l e c t r i c i t y ,  

of i n d u s t r i a l  plants, shopping cen te r s ,  h igh- r i se  apartments,  

h o s p i t a l s ,  and h o t e l s .  These i n s t a l l a t i o n s  use gas engines  o r  

g a s  tu rb ines  and loads  are above 50 KW. For small commercial 

es tab l i shments ;  apar tments ,  and homes where t h e  t o t a l  power re -  

quirement is less than  50 KW, gas  engines  and gas t u r b i n e s  a r e  n o t  

economical,  

- .  
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However, the fue l  c e l l  does appear  economically f e a s i b l e  

for these a p p ~ i c a t i o n s .  P r o j e c t i o n s  i n d i c a t e  tha t  by the  year  1980 

2 0 ~ ~ o ~ ~  neW homes W i l l  be b u i l t  each y e a r  i n  Columbiafs serv-  

Assuming t h a t  on ly  ha l f  o f  these a r e  t r u l y  all-ga.s homes, i c e  a r e a .  

they would generate  approximately $24 m i l l i o n  i n  nevr gas s a l e s  

annua l ly .  - 

With the fuel c e l l ,  we w i l l  in t roduce a n  e n t i r e l y  new 

Concept i n  home comfort condi t ioning.  The homeowner will be ab le  

t o  purchase o r  l e a s e  one package which w i l l  h e a t  and a i r  condi t ion 

t h e  home, c lean  and huinidify the a i r  i n  the  home, cook the food, 

h e a t  the water, and supply a l l  e l e c t r i c i t y  us ing  one economical 

dependable source of f u e l ,  n a t u r a l  gas .  

S u r p r i s i n g l y  l i t t l e  i s  knovm about p a t t e r n s  of e l e c t r i c a l  

energy r equ i r enan t s  for the American ‘rLomn-owner. 

r e s i d e n t i a l  power consunptlon i r i s  4,933 ~~ according t o  E l e c t r i c 2 1  

World. 

ment of less  t h a n  500 watts ove r  the year ,  y e t  the e l e c t r i c a l  s e r v i c e  

connected to  the home is  commonly 100 amperes a t  240 VAC wi th  povrzr 

companies c o n s t a n t l y  pushing f o r  200 ampere I n s t a l l a t i o n s .  The 

mismatch is appa ren t  when one cons ide r s  tha t  the t ransformer on 

the pole i n  the backyard has 25 KVA capac i ty  and s e r v e s  8 t o  10 

homes. 

former on t h e  g e n e r a l l y  v a l i d  assumption t h a t  a l l  homeo:rners served 

w i l l  not  r e q u i r e  maximum demand s imultaneously.  Hoplever, i n  t he  

sine;le hone o n - s i t e  f u e l  c e l l  system, no such d i v e r s i t y  exists:  

t h e  system must be capable o f  handling any power requirement on 

demand. 

The 1965 average 

Nov t h i s  consumption f i g u r e  works o u t  t o  a s t e a d y  require-  

It I s  apparent  t h a t  the power company has s i z e d  t h e  trans- 



3 18 

Design o f  t h e  f u e l  c e l l  system n e c e s s i t a t e s  information 

on exact  power requirements w i t h  an accuracy t h a t  is not ava i l ab le .  

To t h i s  end, Columbia has  instrumented seve ra l  homes wi th  rapid 

response wattmeters and fast  response recorders  t o  def ine and 

document present consumer power consumption p a t t e r s .  

TARGET--Nny an Industry-Wide J o i n t  Venture 

Fuel c e l l  technology h a s  advanced t o  the p o i n t  where an 

aggressive,  g r e a t l y  expanded program which has  as i t s  goal  the pro-  

duct ion and s a l e  of  competit ive n a t u r a l  gas  f u e l  c e l l  systems is 

J u s t i f i e d .  

p e r a t u r e  molten carbonate  s i n g l e  c e l l s  cont inuously f o r  over a 

The . I n s t i t u t e  o f  Gas Technology has operated high tem- 

year .  

responsive prototype n a t u r a l  g a s - a i r  f u e l  c e l l  sys tem.  But, tech- 

nology has reached t h a t  s t a g e  of  s o p h i s t i c a t i o n  where l i t t l e  more 

can be accomplished through continued low c o s t  l a b o r a t o r y  type ex- 

perimentation. Through t h e  American Gas Associat ion and industry,  

t h e  gas indus t ry  h a s  put  s i g n i f i c a n t  funds i n t o  f u e l  c e l l  r e sea rch  

a t  IGT. The t r a n s i t i o n  t o  high expenditure,  semi-manufacturing 

s c a l e ,  prototype hardware i s  the e s s e n t i a l  next  s t e p  i n  the  de- 

P r a t t  and Whitney has engineered a se l f - con ta ined  demand- 

velopment o f  n a t u r a l  gas consuming f u e l  c e l l  power systems. 

Appraisal  o f  t he  s t a t e  of fuel c e l l  technology i n d i c a t e s  

t h a t  a properly supported and s t a f f e d  program could fo rce  the en t ry  

o f  t h e  f u e l  c e l l  i n t o  the market by 1975. However, our  cos t  s tud ie s  

p r o j e c t  a need f o r  $20 mi l l i on  t o  finance the f irst  three-year  

phase of t h e  program. For an ind iv idua l  company t o  undertake a \ 1' 
i l  

,1 
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major program o f  such sweep_ing s ignifkcance t o  a n  i n d u s t r y  would 

not be p r a c t i c a l .  

the  formation of TARGET, 1nc.--Team t o  Advance Research f o r  Gas 

Energy Trans format ion.  

_. 
So, 27 n a t u r a l  g a s  u t i l i t i e s  have j o i n e d ' i n  

The b e n e f i t s  t o  t he  g a s  i n d u s t r y  from t h e  development of 

competitive n a t u r a l  gas f u e l  c e l l  systems f o r  r e s i d e n t i a l ,  commer- 

c i a l ,  and i n d u s t r i a l  a p p l i c a t i o n  a r e  th ree fo ld .  These b e n e f i t s  

a r e  t h a t :  

I. N e w  l o a d s  w i l l  be obtained.  

2. Base load  sendout w i l l  be i nc reased .  

3. The gas i n d u s t r y  w i l l  g a i n  a competi t ive answer 

t o  the a l l - e l e c t r i c  concept.  

The g o a l  of TARGET i s  the  development o f  a complete.conifort 

package f o r  homes, apartments,  and bus inesses  which w i l l  be  bet-  

t e r  t han  any o f  t h e  methods p r e s e n t l y  used for environmental  con- 

d i t i o n i n g .  T h i s  package w i l l  provide f o r  complete c o n t r o l  o f  

temperature and humidity year-around along wi th  g e n e r a t i o n  of 

e l e c t r i c i t y  f o r  a l l  needs o n - s i t e ,  u s ing  sa fe ,  dependable n a t u r a l  

gas ;  Reduction o f  a i r  p o l l u t i o n  i s  a c o r o l l a r y  b e n e f i t .  

The e x a c t  target a t  which ou r  i n d u s t r y  e f f o r t  i s  aiming 

I s  t he  development and marketing o f  fue'l c e l l s  s p e c i f i c a l l y  de- 

s igned t o  opera t e  on n a t u r a l  gas  and a i r .  P resen t  p l ans  c a l l  f o r  

development of marketing, economic, and t e c h n o l o g i c a l  information 

necessary t o  e s t a b l i s h  t h e  competi t ive p o s i t i o n  and use fu lness  of  

 el c e l l  t o t a l  energy and environmental cond i t ion ing  packages o f  

va r ious  s i z e s  by Pratt  and i h i t n e y  A i r c r a f t  under  t h e  supe rv i s ion  

o f  TARGET. 
The f i rs t  phase of  the  development program i s  a n  exten- 

s i v e  market eva lua t ion .  


