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1. INTRODUCTION 

A downhole coaxial heat exchanger (DCHE) system as 
illustrated in Fig. 1 was proposed as a new geothermal 
energy extraction system. A series of studies (Morita 
and Sugimoto, 1988;Sugimoto and Morita, 1988;Yamada et al . 
• 1988) were carried out on power generation using the 
DCHEs for the specified well design and temperature dis­
tribution in the formation. The purpose of these studies 
is to clarify at what thermal output or effective ther­
mal conductivity of the formation the system becomes 
economical. 

The four effective thermal conductivities of the 
formation were assumed and thermal output of the DCHEs 
was estimated by computer simulation (Morita and Sugimo­
to, 1988). Assumed effective thermal conductivities are 
2.7, 10. O. 20. O. and 30.0 kcal/.h"C. A combination of 
two-phase turbine and stea~ turbine was selected as a po­
wer generation system and the change of net power output 
was estimated (Sugiaoto and Morita. 1988). The DCHEs and 
surface facilities were designed (Yamada et al. ,1988), 
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In the present study, costs for prospect, DCHEs, Fig. 1 Concept of the downhole coaxi­
power plants and related facilities were estimated. Then al heat exchanger system
the power generation cost was estimated for each effec­
tive thermal conductivity of the formation. 

2. OUTLINE OF THE POWER GENERATION SYSTEM 

The outline of the power generation systea is listed in Table 1. The power generation 
system mainly consists of 15 DCHEs and a power generation plant. 

The length of the DCHEs is 3,000 II. It is assulled that 3 wells are completed every 4 months 
for the first 12 wells using 3 drilling rigs, then 3 wells are drilled one after another. It 
takes 28 months to drill 15 wells. 

The design para.eters of the power plants such as flow rates, reinjection tellperatures and 
hot water temperatures were determined by Sugimoto and Morita (1988). 

Table 1 Outline of the power generation systea 

Case Case 1 Case 2 Case 3 Case 4 

Eff. therma I condo (kca I /lIh"C ) 2. 7 10.0 20.0 30. 0 
NUllber of DCHEs 
Length of DCHEs (II) 

15 
3,000 

Plant capacity (MfI) • 3.51 
Design flow rate (t/h) 180 
Design r"injection teaperature("C) I 90.0 
Design hot water tellperature ("C) 192.5 i 

12.81 25.71 37.2 
540 : 1. 080 . 1,260 

90.0 90.0 . 80.0 
201. 4 i 198.6. 212.2 

3. COST ESTIMATION 

Total 18 wells are drilled for prospect. Nine of thea are 400 II in depth, five of the. are 
1. 000 m and five of thell are 1. 500 II. Costs for prospect we lIs, prospect on the surface. envi­
ronllental survey and general analysis were estimated as listed in Table 2. Total prospect cost 
was estimated to be 1.83 billion Yen. 
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The OCHE system is applicable to any for­
lation whose telperature is high. consequently 
to a wide variety of geotherlal resources. The 
extent of hot forlation is large in general. 
this in~icates lower risk of prospect in COI­
parison with conventional geotherlal power ge­
nerations or binary cycle power generations. 
Furtherllore. the 9ystU is cOIPletely polluti ­
on free which results in very siall environme­
ntal effects. The prospect cost incillding 

Table 2 Prospect cost 
( Unit: thousand Yen) 

Ienvironllental survey cost light be reduced if 
proper prospect procedure for the OCHB power : Prospect on the surface 
generation systell is established. 

The construction cost of the OCHE was es­
timated for the specified design of well and 
inner pipe ( Yamada et al .• 1988 ). The results 
are listed in Table 3. 

The construction cost per DCHB was esti ­
mated to be 965 million Yen (322'thousand Yen! 
m). Therefore. 14.48 bi II ion Yen is necessary 
to construct 15 OCHEs. 

The construction costs of the power 
generation plant. transportation pipe line 
etc. were also estimated. The power plant 
construction costs were estilated to be 
569. 1. 539. 2.716 and 3.564 Ii II ion Yen 
for Case 1 to 4. respectively. 

All construction costs are listed in 
Table 4. "Others" in Table 4 includes cost 
for tellporary structure. lanagelent and 

Itel 

Prospect we lis 
400 I ( x9 ) 

1. 000 I ( x5 ) 
1. 500 I ( x4 ) 

Environlental survey 


General analysis 


Total 


. 

Unit cost 

( 40.000) 
002.000) 
065. OOO~ 

-
-

Cost 

1. 530.000 
(360. 000) 
(510.000) 
(660.000) I 
130.000 I 

100.000 

70.000 

!1. 830.000 

Table 3 Cost for the DCHEs 
( Unit: lillion Yen 

Itel Unit cost Cost 

Drill ing and we II cOIPletion 840 12. 600 

Inner pipe 125 1. 875 

Total 965 14.475 

Ta.ble 4 All construction costs 
( Unit: lillion Yen) 

Itel Case 1 Case 2 Case 3 Case 4 

Prospecting 
DCHB 

• Transportation line 
. Power plant 

Others 

1. 830 (0. 10) 
14.555 (0.78) 

204 (0. 01) 
569 (0. 03) 

1. 476 (0. 08) 

1. 830 (0.09) 
14.665 (0.73) 

441 (0. 02) 
1. 539 (0.08) 
1.547 (0. 08) 

1. 830 (0. 08) 
14.825 (0.67) 

744 (0.04) 
2.716 (0. 12) 
2.011 (0.09) 

1. 830 (0.08) 
14. 965 (0.64) 

906 (0.04) 
3.564 (0. 15) 
2. 249 (0.09) 

Total 18.634 (1.00) 20. 022 (1.00) 22. 126 (1. 00) 23.514 (1.00) 

Construction cost 
(Thousand Yen!kW) 5.002 1. 530 1. 000 . 657 i 

interest durini construction period. The total construction costs are 18.6. 20.0. 22.1 and 23.5 
billion Yen for Case 1 to 4. respectively. Construction cost per power plant capacity decreases 
significantly as effective therlal conductivity increases. 

The prospect cost corresponds 7 to 10 % of the total construction cost which is suller 
than that. of conventional geothermal power generation systel. 

The cost for DCHEs occupies 64 to 78 % of the total construction cost and the cost for sur­
face facilities occupies 8 to 22 %. The cost for DCHEs occupies the lajor portion of the total 
construction cost and the percentage is greater than that of wells cost for conventional power 
generation systems. The reason is considered as follows: 

1) Since net power output per well is slaller than that of conventional geotherlal power gene­
ration system. lore wells are required to produce the sale net power output. 

2) Insulated inner pipe is needed additionaly. 
3) Since risk with prospect is less. prospect cost is slaller in cOlparison with conventional 

geother.al power genaration. 
4) The hot water produced by DCHEs is quite clean. Consequently. the power generation plant is 

corrosion free and scale free which results in lower construction cost of the power plant. 

---_ .. _-­
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4. POWER GENERATION COST 

The change of annual power generation costs and adjusted .ean power generation costs over 
15years'plant operation were calculated. The sa.e pre.ises as used in econo.ic analysis for 
conventional geothermal power generation were ~mployed. 

The pre.ises used in this paper are as follows: 
1) Interest rate 6% 
2) Inflation rate of personal and repairing cost : 2% 
3) Repairing cost 2% of initial construction cost 
4) Life of equip.ents 

We II 5 years, Power plant 15years 
Transportation line 8 years, Structure 45 years 

The change of annual power generation costs are shown in Fig. 2. The power generation costs 
of the first year are significantly high since net power outputs are s.all at that ti.e. The 
costs decrease rapidly during from 5th year to 8th year of plant operation. In this period 
the depreciation of the wells ends in turn. The increase of the power generation costs after 
8 years' plant operation is due to decrease of net power output and inflation of costs for 
personal, plant .aintenance and .a~~ge.ent. 

The power generation costs, after 14 years froll the beginning of plant operation, are 31. 3, 
10.2, 6.8 and 5.2 Yen/kWh for Case 1 to 4, respectively. 

The annual values of power generation costs over 15 years' plant operation were calculated 
according to the present value .ethod which is usually used in evaluation of conventional power 
plant constructions. Table 5 shows an example of the results, in which each annual expense is 
converted into present value for Case 3. 

The adjusted mean power generation costs are 119.0, 36.5, 20.2 and 14.7 Yen/kWh for Case 1 
to 4, respectively as shown in Fig. 3. The cost decreases greatly as the effective thermal con­
ductivity of the formation increases. 

The result indicates that when effective ther.al conductivity of the for.ation is 2.7 kcal/ 
mhOC (Casel), purely conductive case, the power generation system seells to be i.practical. It 
can be used only in isolated islands or inlands. When effective ther.al conductivity of the 
formation is 30 kcal/mhoC (Case4). convective case, the power generation using the DCHEs is 
comparable to new geothermal power generation system such as binary cycle power generation 
system or Hot Dry Rock power generation syste.s. 

It should be noted that a subsidy for well drilling is not taken into account in above cost 
esti.ation. Since well cost occupies .ajor portion of the construction cost as described above, 
the subsidy reduces the power generation cost significantly. 

5. CONCLUSIONS 

The power generation costs of the DCHE system were estillated for the four effective thermal 
conductivities of the formation. The results obtained in this paper are su••erized as follows: 

1) When heat is transfered only by conduction in the formation as in the Hot Dry Rock, the 
power generation using DCHE see.s to be not economical. It can be used only in isolated 
islands or inlands. 

2) When effective ther.al conductivity is greater than 30.0 kcal/mhoC, whieh means large con­
tribution of convective heat transfer, the adjusted .ean power generation cost beco.es 
lower than 14.7 Yen/kWh. In this case, the power generation using the DCHE .ight be practi­
cal considering a subsidy for drilling of wells. 

It has been clarified that the power generation using the DCHE beco.es practical when effe­
ctive thermal conductivity of the formation is greater than 30.0 kcal/.h'C. It suggests that the 
power generation using the DCHE is valuable to develop its technology. 

On the'other hand, in-situ effective thermal conductivity of the for.ation or .agnitude of 
convective heat transfer in the for.ation has not been studied enough. It is i.portant to 
evaluate in-situ effective ther.al conductivity or, in other words, the effect of convective 
heat transfer on the ther.al output of the DCHE to determine if this power generation system is 
real istic or not. 
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Fig 3 Relationship between effective thermal 
conductivity of the formation and ad­
justed mean power generation cost 

cost 	by present value method (Case 3) 
(Unit; million Yen) 
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(0.102916) 
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