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SITE-SPECIFIC ANALYSIS OF HYBRID GEOTHERMAL/FOSSIL POWER PLANTS 

Gregory L. Sinay 
City o f  Burbank Pub1 i c  Service Department 

Burbank, CA 91503 

INTRODUCTION 

L i  quid-dominated geothermal resources must be extensively used i f  geothehal  
energy i s  t o  provide 10,000 t o  15,000 MW o f  e l e c t r i c a l  power by 1985. The 
conversion o f  t h i s  resource r e l i e s  upon the development o f  new and, f o r  the most 
part ,  commercially unproven technology. 

Present e l e c t r i c  power generation and d i s t r i b u t i o n  technology i s  d i rected a t  
la rge  p lants  -- 3000 t o  5000 MW -- t o  ensure the most economical de l i very  o f  
e l e c t r i c  energy t o  the consumer. The advantages o f  using t h i s  technology f o r  
conversion and d i s t r i b u t i o n  o f  geothermal energy are read i l y  apparent. However, 
the propert ies o f  geothermal energy i n  terms o f  temperature, pressure, and 
quant i ty  are f a r  d i f f e r e n t  from the propert ies o f  the heat energy produced from 
foss i  1 fue l  s. 

I n  1975, the City o f  Burbank suggested t h a t  f o s s i l  fue l  and geothermal energy 
could be combined t o  mutual advantage i n  a s ing le power plant. By 1976, the 
c i t y ,  Pac i f ic -Sier ra Research Corporation (PSR), and other invest igators  sugges- 
ted t h a t  geothermal energy and f o s s i l  fue ls  could be used t o  advantage i n  a 
hybr id  cycle. Geothermal energy could provide low-temperature heat t o  the b o i l e r  
feedwater o f  a Rankine steam cycle, reducing the need f o r  regeneration. The 
f o s s i l  fue l  could provide the high-temperature heat a t  a more e f f i c i e n t  leve l  o f  
use. A recent study by Brown Universi t y (1 )  revealed several important advantages 
o f  the hybrid cycle. 

0 - Thermodynamically, the hybr'id system i s  super ior  t o  a combination 
o f  the two state-of  systems, one using only foss i l  fuel 
and the other usl-ng thermal energy. Therefore, t o  
achieve a given gener 
requi re  less  f o s s i l  n a conventional s 

0 Equivalent geotherm conversion e f f  i c i  
substanti a1 l y  h i  ghe a t e r  heating than i n  a state-of-the- 

Geothermal f l u i d s  w i th  marginal temperatures (150°C/3000F) can be 
used i n  a hybr id  cyc le  t o  produce e l e c t r i c i t y .  This advantage i s  
especia l ly  important because 1 ower temperature geothermal re- 
sources are much more abundant than those w i t h  high temperatures. 
I n  a purely geothermal plant,  low-temperature f l u i d s  cannot 
produce power economically under present techno1 ogy. 

apacity, the hybr id  p lan t  would 

t binary f l u i d  o r  f lash  plant.  

0 

L) 
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u Because p ip ing high-temperature geothermal f l u i d  over distances greater than 
1.6 km (one mi le)  i s  impract ical ,  the hybr id  p l a n t  must be located w i th in  the 
geothermal resource area. 
respect t o  sources o f  fue l ,  f resh water, o r  transmission networks. Therefore, 
whi le  the thermodynamic advantage o f  the hybr id  p l a n t  had been established, i t s  
economic competitiveness remained an open question. Could the economic advan- 
tages gained from the geothermal resource overcome the economic penal t i e s  owing 
t o  the l oca t i on  o f  the resource? 

I n  general, the resource i s  n o t  opt imal ly  located w i t h  

The U t i 1  i z a t i o n  Technology Branch (UTB) o f  the Energy Research and Development 
Administrat ion (ERDA) undertook the task o f  determining the economic v i a b i l i t y  o f  
a hybr id  power plant.  
Hybrid Geothermal/Fossil Power Plants," was awarded t o  the c i t y  l a t e  i n  1976 and 
was completed i n  the Spring o f  1977. Paci f ic-Sierra,  the major subcontractor t o  
the c i t y ,  was assigned the analy t ica l  modeling. 

ERDA contract  E(0-4-13111, "Si te-Speci f ic  Analysis o f  

STUDY OBJECTIVES 

The object ives o f  t h i s  work are: 

Develop the analy t ica l  techniques f o r  rough parametric design o f  
hybr id  geothermal / f o s s i l  f ue l  p lants  f o r  various geothermal 
resource character is t ics  

Develop the analy t ica l  techniques f o r  approximate evaluat ion of 
hybr id  geothermal/fossil f ue l  p lants  f o r  given hydrothermal 
resource character is t ics ,  f o s s i l  f ue l  locat ion,  consumer locale,  
p l a n t  size, and environmental r e s t r a i n t s  

Evaluate the mer i ts  o f  a hybr id geothermal/fossil f ue l  p lan t  a t  
four  known geothermal resource areas (KGRAs) : 

-- Roosevelt Hot Springs, Beaver County, Utah 

-- Cos0 Hot Springs, Inyo County, Ca l i f o rn ia  

-- East Mesa, Imperial County, Ca l i f o rn ia  

-- Long Valley, Mono County, Ca l i f o rn ia  

Prepare a prel iminary plan f o r  implementing geothermal energy i n  
hybr id  cyc le  p lants  

To achieve these objectives, the c i t y  assembled a team p r i m a r i l y  from the 
s t a f f  o f  i t s  Public Service Department. The object ives were achieved 
through the fol lowing task sequence: 

0 

e 

e 

e 

e 

Execute the basic hybr id  power p lan t  synthesis 

Analyze the geothermal character is t ics  o f  each o f  the four  KGRAs 

Conduct a s i t e -spec i f i c  analysis o f  power production and del ivery  

Prepare prel iminary p l a n t  designs optimized f o r  each s i t e  

Compare the optimized p lan t  designs against each other and a 
reference coa l - f i r ed  p lan t  design 
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0 Compile the repo r t  

STUDY CRITERION 

U t i l i t i e s  s t r i v e  t o  provide e l e c t r i c  energy t o  t h e i r  customers a t  the lowest 
p rac t i ca l  cost. Therefore, the selected c r i t e r i o n  f o r  t h i s  study i s  t o  establ ish 
minimum cost  o f  del ivered e l e c t r i c  energy through opt imizing the use o f  coal and 
geothermal resources w i t h i n  environmental constraints and legal  requirements. 
A1 1 regulat ions present ly known, inc lud ing environmental protect ion,  safety, and 
water usage, are t o  be met. Throughout the study, care a lso i s  taken t o  ensure 
t h a t  performance cha rac te r i s t i cs  are read i l y  achievable w i t h i n  the current  s ta te 
o f  the ar t .  

The s i t e - to -s i t e  cost  comparisons are made by the general cost ing method out l ined 
by ERDA (2-1. The economic assumptions conform t o  the ERDA method. 

FOCUS ON COAL 

By focusing on coal as the f o s s i l  fue l ,  t h i s  study recognizes the nat ion's goal 
t o  reduce i t s  dependence on o i l  and natural  gas. 
would use two energy sources o f  great abundance w i t h i n  the United States. I t s  
e l e c t r i c a l  power would be secure and re l i ab le ,  immune from any gas shortage o r  
o i l  embargo. 

Another important a t t r i b u t e  o f  coal i s  i t s  status as the l e a s t  expensive o f  the 
f o s s i l  fuels. Because o i l  and gas are.more cost ly ,  geothermal energy i n  a hybr id  
cycle w i l l  show even gre r savings than would the use o f  coal alone. 

Because minimum cost o f  e l e c t  c r i t e r i o n  fo r  the design of a 
hybr id  plant,  a reference a l l  
standard f o r  measuring the ec nd a guide f o r  
the cost ing o f  major power p l a n t  components. 

A hybr id  geothermal/coal p lan t  

i r e d  p l a n t  i s  needed i n  order t o  provide a 

The Intermountain Power Pro ject  (IPP) p l a n t  was selected as the a l l  coal re fer -  
ence. This p l a n t  i s  t o  s t a r t  power production i n  1984, which corresponds t o  the 
t ime per iod a hyb r id  p l a n t  could be ready f o r  operation. Therefore, the I P P  and 
the hybr id  p lants  would face s im i la r  requis i tes r e l a t i v e  t o  federal,  state,  and 
loca l  regulat ions; cos t  o f  land, components, and labor; environmental r e s t r a i n t s  
and requirements; and market considerations. The prel iminary design o f  the I P P  
p l a n t  i s  avai lab le t o  the c i t y  because o f  i t s  p a r t i c i p a t i o n  i n  the design study. 
The prel iminary desig 
although the work has 
have been made on the 

a t  t h i s  time, 
s i  derabl e analyses 

S i t e  Eva1 uat ion 

The energy cost  comparisons o f  a 750-MW hybr 
thermal s i t e s  are presented i n  Figure ES-1. 
the comparisons are: 

U 
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The Roosevelt Hot Springs s i t e  has the po ten t i a l  o f  producing 
e l e c t r i c  energy del ivered t o  Burbank a t  10 percent l ess  cost  than 
a we l l - s i t ed  reference a l l  coa l - f i r ed  plant. 

The Cos0 Hot Springs s i t e  shows s l i g h t l y  greater cos t  than the 
a l l  coa l - f i r ed  p l a n t  f o r  del ivered e l e c t r i c  energy t o  Burbank. 

The East Mesa and Long Val ley s i t e s  did n o t  show economic 
advantage f o r  hybr id  plants. 

1 - Cost of paver based on IPP estimating methods (Table 1-31 

2 - Base year (1976) annual costs (Table 4-4) 

3 I Average annual costs based on ERM costing method (Table 4-21 

0 - Other plant costs 
- Geothermal = -Coal 
n 
1 r  

t not Springs rinqs East Hem 

2 
l r  

Figure ES-1. Energy Cost Comparisons f o r  a 750-MW Hybrid P lan t  

A1 though comparisons were n o t  e x p l i c i t l y  made between hybr id  and a l l  coa l - f i r ed  
p lants  located a t  Cos0 Hot Springs, East Mesa, o r  Long Valley, the hybr id  p lan t  
would be competit ive w i t h  any a l l  coa l - f i r ed  p l a n t  a t  the same s i te .  

Figure ES-2 shows why Roosevelt Hot Springs and Cos0 Hot Springs are more com- 
p e t i t i v e  than e i the r  East Mesa o r  Long Valley. With fewer geothermal wells, 
hyb r id  p lants  a t  Roosevelt Hot Springs and Cos0 Hot Springs would reduce the coal 
requirement. For example, the amount o f  coal could be reduced by a t  l e a s t  
46.3 t / h  (51.0 tons/h) a t  Roosevelt Hot Springs. East Mesa and Long Val ley have 
l a r g e r  cost  penal t ies owing t o  t h e i r  greater distance from the coal source. 
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Figure ES-2. Energy Input  f o r  a 750-MW Hybrid P lan t  

Cost Results 

Table ES-1 shows the annual costs, based on the ERDA cost ing method. The cost  o f  
coal del ivered to the geothermal s i t e  i s  the p r inc ipa l  economic fac to r  t h a t  
impacts upon the cost  o f  del ivered e l e c t r i c  power from the hybr id  plant. I n  
comparison, wel l  cost  and wel l  operation and maintenance are l e s s  than f i v e  
percent o f  the coal costs f o r  each o f  the four s i tes;  and they are roughly equal 
t o  the cost o f  cool ing water. These data ind icate t h a t  feedwater heating i s  
indeed a most s i g n i f i c a n t  appl icat ion o f  the geothermal - f l u i d ,  by i t s  replacement 
o f  coal 

Addi t ional ly,  using the geothermal f l u i d  t o  dry coal o r  t o  supply power t o  an 
a u x i l i a r y  b o i l e r  would fu r the r  increase i t s  a b i l i t y  t o  replace coal. Further 
savings would r e s u l t  i f  the geothermal f l u i d  i s  used t o  supply cool ing water. 

It should be noted t h a t  wel l  costs do not  include r o y a l t i e s  o r  p r o f i t s ,  since 
they cannot be r e l i a b l y  estimated. I f  r o y a l t i e s  o r  p r o f i t s  are l a rge  enough, 
they could a f f e c t  s i t e  selection. 

o s t  o f  geothermal 
more than o f f s e t  by the reductions i n  the cap i ta l  cost  o f  the b o i l e r  for  an a l l  
coal p lant.  A t  Roosevelt Hot Springs o r  toso Hot Springs, the cost  o f  a hybr id 
p l a n t  would be s l i g h t l y  l ess  than the cost  o f  an equivalent s ize a l l  coa l - f i r ed  
plant. The development cost  of the geothermal resource i n  East Mesa o r  Long 
Val ley would more than cancel the reduced cost o f  the bo i l e r .  

nser , and t u r b i  ne-generator i s 
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Hybrid Plant  Design 

A well-designed and wel l -s i ted hybr id  power p l a n t  can produce e l e c t r i c i t y  a t  a 
lower cost  than can e i the r  a conventional coa l - f i r ed  p l a n t  o r  an a l l  geothermal 
plant.  Several performance character is t ics  o f  the hybr id  p l a n t  account f o r  i t s  
economic v i a b i l i t y :  

0 Geothermal energy could economically cont r ibute more than 20 per- 
cent o f  the t o t a l  energy consumed i n  a hyb r id  plant. 

The hybr id  p l a n t  would u t i l i z e  geothermal energy f a r  more ef- 
f i c i e n t l y  than do present concepts f o r  f u tu re  a l l  geothermal 
plants. 
o f  geothermal energy i s  about 20 percent greater. 
resources, the u t i l  i z a t i o n  e f f i c i ency  can be one-and-one-ha1 f 
times t o  twice as great. Thus, the hybr id  cycle would be 
especial ly useful f o r  marginal geothermal s i t e s  located near 
enough t o  coal deposits t o  be economically viable. 

The thermodynamic e f f i c i ency  o f  the coal con t r i bu t i on  t o  e l e c t r i c  
power production i n  a hybr id  p l a n t  i s  only s l i g h t l y  l ess  than 
t h a t  o f  the best a l l  coa l - f i r ed  plant.  

These conclusions were reached notwithstanding two major design res t r i c t i ons ,  as 
wel l  as some lesser ones imposed on the hybr id  p lan t  f o r  t h i s  analysis. F i r s t ,  
the geothermal energy was used only t o  heat the feedwater before i t  entered the 
bo i l e r .  Second, the b o i l e r  feedwater was heated i n  a subc r i t i ca l  cycle. Present 
judgment i s t h a t  an actual hybr id design woul d encompass the f o l  1 owing features: 

I n  addi t ion t o  feedwater heating, the geothermal energy could 
have other appl icat ions, inc lud ing coal dry ing and benef ic iat ion,  
a i r  preheating, f l u e  gas reheating, a u x i l i a r y  b o i l e r  heating, and 
general heat i  ng. 

The water balance i n  a hybr id  p l a n t  i s  such as t o  al low f o r  
complete consumption o f  the geothermal f l u i d  i n  evaporative 
cool ing wherever the chemical and loca l  environmental condit ions 
would allow. 

0 

For high-qual i t y  geothermal resources, the u t i l  i z a t i o n  
For marginal 

0 

0 

0 

0 The r e s t r i c t i o n  t o  a subc r i t i ca l  cycle holds the steam a t  j u s t  
below the c r i t i c a l  temperature and pressure. It appears t h a t  a 
superc r i t i ca l  cycle could be u t i l  ized, w i t h  maximum pressures o f  
about 240 bars (3500 psia). 

More than one turb ine ext ract ion po in t  probably would be used. 
This allows f l e x i b i l i t y  t o  accommodate var ia t ions i n  the 
geothermal resource, as we1 1 as high-temperature steam f o r  
a u x i l i a r y  s t a t i o n  equipment. The hybr id p l a n t  i s  designed t o  
accommodate some we1 1 shut-downs. 

0 

I n  view o f  the above considerations, the hybr id p l a n t  shows even greater promise 
than t h a t  revealed i n  the present study. Moreover, a l l  the components i n  the 
hybr id  cycle are state-of-the-art.  The use o f  coal ensures a guaranteed p l a n t  
l i f e ,  even i f  the l i f e t i m e  o r  q u a l i t y  o f  the geothermal resource i s  
overestimated. 
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W RECOMMENDATIONS 

The r e s u l t s  o f  t h i s  present study and the Brown Univers i ty  study show t h a t  the 
hybr id  cyc le  can combine the two abundant national resources, coal and geothermal 
energy, t o  advantage. The general recommendation i s  t o  design, construct, and 
operate one o r  more hybr id  power p lants  a t  su i tab le geothermal s i t e s  as soon as 
pract icable.  An operations ta rge t  date o f  1984 would be a good goal. Supporting 
recommendations are given below: 
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