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Abstract—Development of coal gasification plants in 

Indonesia for electricity and thermal energy supplies has been 

started officially since 2011. So far, two gasification technologies 
have been selected for demonstration, including two-stage 

updraft fixed-bed (Plant A) and twin-fire fixed bed gasifier 

technologies (Plant B). Economic analysis for electricity 

generation cost, selling price (with achieve ROI = 11% and 4 

year loan installment) and tariff (with transmission cost added) 

as well as syngas generation cost and selling price was conducted 

based on these two technologies. The calculated electricity 

generation cost are 0.189 and 0.204 US$/kWh, electricity selling 

price are 0.273 and 0.352 US$/kWh and electricity tariff are 

0.279 and 0.358 US$/kWh for Plant A and B, respectively. 

Thermal energy is supplied as synthetic gas (syngas). The 

calculated syngas generation cost are 0.322 and 0.340 US$/Nm3 

and syngas selling price are 0.38 and 0.512 US$/Nm3, for Plant A 

and B, respectively. The analysis also shows that, based on the 

studied scenario, the selling prices of electricity from coal 

gasification are competitive when compared to that from diesel 

oil (i.e. 0.375 US$/kWh) but much less competitive when 

compared to that natural gas (i.e. 0.0864 US$/kWh). The selling 

prices of syngas is also higher than that of Liquefied Petroleum 

Gas (LPG) (i.e. 0.238 US$/Nm3).  

 

 

I. INTRODUCTION 

Indonesia has the second largest of coal reserve in South 

and Central Asia, which is mostly found in Sumatra and 

Kalimantan Islands. Currently, coal is the major fuel for 

electricity supply with the share of 71% in 2011 and is 

expected to help increase the electrification ratio of 78% in 

2013 to 95% in 2025 [1], [2]. This target is supported by the 

government policy to add the value of coal and promote its 

domestic use. 

Due to shortage and price fluctuation of natural gas for 

electricity generation and Liquefied Petroleum Gas (LPG) for 

thermal energy generation, abundant coal resource has 

become a promising alternative fuel. Moreover, the restriction 

of mining–product import including coal has already been 

implemented causing coal upgrading process an obligation. 

One of the upgrading methods is coal gasification [3]. 

Coal gasification is a promising technology for small- and 
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medium-scale power plants due to its potentially high 

efficiency as compared to centralized coal combustion power 

plants. According to the plan of Indonesian Government, ten 

coal gasification power plants with the capacity of 8 MW each 

will be built in ten locations across Indonesia, especially in 

remote areas where electricity demand is low. Sumatera and 

Kalimantan islands, where mainly 6-20 kV transmission lines 

are available, were selected [4].  

So far, two gasification technologies have been selected for 

demonstration in Indonesia, including two-stage updraft 

fixed-bed and twin-fire fixed bed gasifier. The schematic 

diagrams of the gasifiers are presented in Fig. 1. In the 

two-stage updraft fixed-bed gasifier, syngas is produced with 

a counter current flow of coal and air resulting in the syngas 

output in two streams. The gasifier efficiency can achieve 

87% while the overall efficiency for power generation is 17%, 

higher than the conventional updraft gasifier with one stream 

syngas output [5]. The twin-fire fixed bed gasifier uses 

multi-air injection automatically controlled to supply and 

distribute air to achieve optimal reaction when reacting with 

coal. This gasifier efficiency can achieve 85% while the 

overall efficiency for power generation is 24% [5]. 
 

   
Fig. 1. Schematic diagrams of two-stage updraft fixed-bed gasifier (left) and 

twin-fire fixed bed gasifier (right). 

 

II. METHODOLOGY 

This study focuses on the economic analysis of coal 

gasification plant for electricity generation and synthesis gas 

(syngas) generation purpose with the capacity of 8 MW 

electricity generation or equivalent thermal energy generation. 

The analysis was based on two-stage updraft fixed-bed 

gasifier technology (Plant A) and twin-fire fixed bed gasifier 

technology (Plant B) to compare their economic feasibility. 

The technical specification and equipment cost of the gasifier 

were collected or estimated based on the information from the 

existing coal gasification power plants in Indonesia to 

determine capital expenditures (CAPEX), operational 

expenditures (OPEX). Then economics analysis including 

profitability analysis (e.g. installment cost, annual cash flow), 
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the length time return of capital (e.g. installment, payout 

time), the total accumulative of capital (e.g. Net Profit Over 

Total Life Time of Project (NPOTLP), Total Capital Sink 

(TCS)), return investment (e.g. Return on Investment (ROI), 

Discounted Cash Flow Rate of Return (DCF-ROR), Break 

Even Point) and price analysis (e.g. electricity & syngas 

prices) were conducted.  

The following assumptions were applied throughout the 

analysis in this paper: 

 The plant operated for 365 days per year, and service life 

for 20 years [5]. 

 All calculation used 2011 as the base year when coal 

gasification projects for energy supply was started 

commercially in Indonesia. 

 Both Plant A and Plant B used the same fuels which was 

bituminous coal with calorific value of 6,150 kcal/kg. 

Based on the “Coal Price Standard” published by 

Indonesian MEMR, the average coal selling price in 

2011 was 112.8 US$/ton [5]. 

 The calculation of Equipment Cost in CAPEX was based 

on the following: 

o Official information from the 6 MW Chinese Coal 

Gasification Power Plant scaled up to 8 MW, assumed 

as Plant A, using two-stage updraft fixed-bed gasifier 

technology in Riau Province [6]. 

o Official information from the 6 MW German Coal 

Gasification Power Plant scaled up to 8 MW, assumed 

as Plant B, using twin-fire fixed bed gasifier 

technology in Tayan, West Kalimantan Province [7].  

o Calculation for the 8 MW plant was made by means of 

exponential and index price of equipment from 

existing plant data and other engineering references. 

 The coal consumption was 7,670 kg/hr for two-stage 

updraft fixed-bed and 5,727 kg/hr for twin-fire fixed bed 

gasifiers [5]. 

 All of the equipment was imported. The freight charge 

was 6% of total purchased equipment. 

 Financial source for CAPEX came from 40% bank loan 

and 60% from savings. 

 Water consumption was free of charge. 

 Density of syngas was assumed the same for both 

technologies. 

 Income tax was 30% of non-tax revenue [8]. 

 Coal transportation was by truck with average distance 

of 75 miles and the cost was calculated using equations 

as stated by Indonesian MEMR [9], [10].  

 Total land area for each technology was 40,000 m
2
. The 

building area was 5,300 m
2
 for two- stage updraft 

fixed-bed gasifier and 3,025 m
2
 for twin-fire fixed bed 

gasifier [5]. 

 Generated electricity was used for required plant own 

consumption, while electricity consumption for plant 

producing syngas relied on purchased electricity. 

 Depreciation was determined by using a linear 

relationship method [8]. 

 Indonesian Electricity and Consumer price indices in 

2000-2013 were used to determine OPEX and price 

forecast for electricity and thermal supplies, respectively 

[11]. 

 The calculation of the share of percentages on CAPEX 

& OPEX components are determined by using other 

engineering references. 

 Capacity charge or transmission cost is 0.006 US$/kWh, 

which follows information from Indonesian Electricity 

State Enterprise Area Sanggau, West Kalimantan 

Province. 

 Return on Investment (ROR) is fixed at 11%. 

 Installment period is 4 years with 4% annual interest. 

 Electricity generation and syngas generation used the 

same plant capacity factor, i.e. 90%. 

 

III. RESULTS AND DISCUSSION 

A. Equipment Cost 

Similar for both technologies, the major plant components 

are shown in Table I. Scaling up cost from the capacity of 6 

MW to 8 MW for the base year 2011 was obtained by using (1) 

[12]. Where (Cx & Ix), (Cy & Iy) are the price and price index 

of equipment in 2011 and 2002, respectively. 

 

1

2

m
X Ix

Cx Cy
X Iy

  
   

   
                           (1) 

 

The price index 2002 (Iy) was obtained from Marshall and 

Swift Index from 1989 to 2002. The price index and price 

equipment in 2002 were used to determine price index 

2011(Ix) by using the least square method which was resulted 

by Eq. (2): 

 

Y = -32566.77429 + 16.82769231 X                 (2) 

 

where Y = Ix and X = 2011, Ix = 1,274. Meanwhile, (X1) and 

(X2) are equipment information for 8 and 6 MW capacities, 

respectively. The cost capacity exponent (m) is the value used 

for predicting the cost of scale-up equipment up to 10 times 

the capacity and the exponent values for each equipment are 

presented in Table I. 

 
TABLE I: MAJOR COMPONENTS IN COAL GASIFICATION PLANT 

No. Equipment Quantity Exponent 

1. Fixed-bed gasifier [13] 3 0.85  

2. 
Electrical 1 Tar Catcher 

[14] 
1 0.74  

3. Cyclone [14] 1 0.61  

4. Heat Exchanger [15] 1 0.63  

5. Air Cooler [15] 1 0.69  

6. Indirect Cooler [15] 1 0.47  

7. Electrical Oil Catcher [14] 1 0.74  

8. Desulfurizer I [15] 1 0.75  

9. Desulfurizer II [15] 1 0.75  

10. Gas Engine [15] 9 0.84  

11. Gas Storage [13] 1 0.85  

12. Blower [15] 3 0.75  

13. ID Fan [12] 3 0.44  

14. Pump [12] 13 0.33  

 

B. CAPEX and OPEX Calculations 

The CAPEX and OPEX for the base year 2011 were 

determined based on real data and values from engineering 

references such as engineering handbooks, journals and 
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publications, and are presented in Tables II and III, 

respectively.  

The sum of direct and indirect cost, or so-called called 

fixed capital investment cost, is fixed at 90% of CAPEX, and 

the rest 10% is working capital.  

For electricity generation, the total CAPEX for Plant A, 

which was imported from China, i.e. 15.99 million US$, was 

much less than that for Plant B, which was imported Germany, 

i.e. 43.89 million US$. However, the OPEX of the two plants 

were similar, i.e. 11.94 and 12.89 million for Plant A and 

Plant B, respectively. 

The CAPEX for syngas generation plant were lower than 

that for electricity generation plant due to additional 

components related to downstream electricity generation, but 

the OPEX were slightly higher. The CAPEX for German 

gasifier technology was also higher, i.e. 14.61 and 42.83 

million US$, while OPEX were similar, i.e. 12.59 and 13.33 

million US$ for Plant A and B, respectively. 

The resulted OPEX for electricity and syngas generation in 

2011 were projected until the year 2030. As commonly used 

by Indonesian energy agencies, linear regression (shown as (3) 

and (4)) was selected to analyze electricity and consumer 

price indices 2000-2013 and resulted in the growth-OPEX 

rate in period 2011-2030 at 6% and 5% for Plant A and B, 

respectively. 

 

Y = 14.15525275 X - 28148.49749             (3) 

 

Y = 7.2052087791 X - 14359.65501            (4) 

 

where:  

Y = Target electricity/consumer price index  

X = Initial electricity/consumer price index. The selected 

lowest growth-OPEX rate aims to minimize increasing 

electricity and thermal price fast.  

C. Economic Calculation 

Based on input data in Section II, economic calculation was 

conducted for electricity generation cost (EGC) and syngas 

generation cost (SGC) based on (5) and (6), respectively.  

 

EGC = OPEX

Capacity Factor 8,000kW 8,760hr / year 
 (5) 

 

SGC =
OPEX

Capacity Factor 6,878,760kcal 8,760hr / year 
(6) 

 

The selling prices were obtained by trial and error method 

to achieve the Return on Investment (ROI) at 11% with 4 year 

installment period. This referred to similar type/scale of 

plants in Indonesia, e.g. small-scale steam power plant [17]. 

The electricity tariff was obtained from the sum of electricity 

selling price and transmission cost. All results were calculated 

based on 2011 and are summarized in Tables IV and V. The 

projection to 2030 was also made and is presented in Fig. 2 

and Fig. 3, which shows a steady increase for all values. 

D. Competitiveness 

The selling prices of coal gasification products, both 

electricity and syngas, were compared with those from fossil 

fuel based, i.e. diesel oil and natural gas for electricity and 

LPG for syngas. The results clearly show that, based on the 

studied scenario and selling prices of the same products from 

fossil fuels [18], the selling prices of electricity from coal 

gasification are competitive when compared to that from 

diesel oil (i.e. 0.375 US$/kWh) but much less competitive 

when compared to that natural gas (i.e. 0.0864 US$/kWh). 

The selling prices of syngas is also higher than that of LPG 

(i.e. 0.238 US$/Nm
3
). However, one has to bear in mind that 

the baselines for these comparisons are different such as 

production capacities, government subsidies, etc. 

 
TABLE II: CAPEX AND OPEX CALCULATION ON COAL GASIFICATION 

PLANT FOR ELECTRICITY GENERATION (BASED ON 2011) 

No. Components Plant A  Plant B 

I. Capital Expenditures (CAPEX) = a+b+c 

a Direct Cost (US $ thousand) = Total No.1.1 to 1.10 

1.1 
Purchase equipment 

[5]-[7], [12]-[15] 
4,242 29,509 

1.2 Land cost [5],[12] 363 363 

1.3 Building cost [5],[12] 376 215 

1.4 
Equipment installation 

[12] 
308 308 

1.5 
Instrumentation & control 

[12] 
444 444 

1.6 Piping cost [12] 239 239 

1.7 Electrical system [12],* 105 105 

1.8 Yard improvements [12]  513 513 

1.9 Service facilities[12] 1,879 1,879 

1.10 
Health, safety & 

environment [12] 
19 19 

b. 
Indirect Cost (US $ thousand) = Total No. 1.11 to 

1.15 

1.11 
Engineering & 

Supervision [12] 
1,025 1,025 

1.12 Legal expenses [12] 814 814 

1.13 
Construction expenses 

[12]  
1,222 1,222 

1.14 Contractor’s Fee [12] 814 814 

1.15 Contingencies [12] 2,036 2,036 

c. 
Working Capital (US $ thousand) = Total No. 1.16 

to 1.19 

1.16 
Raw material in process 

[5],[10] 
709 530 

1.17 

Cash kept on hand for 

monthly payment of 

operating expenses 

[10],[12],* 

105 97 

1.18 Start-up cost* 97 76 

1.19 Accounts payable [12]  688 3,686 

 Total CAPEX  15,998 43,893 

    

II Operational Expenditures (OPEX) = d + e + f + g 

d 
Variable Production Cost(US $ thousand/year)= 

Total 2.1 to 2.6 

2.1 Raw materials [5], [10] 8,617 6,434 

2.2 Operating labor* 124 124 

2.3 
Operating supervision 

[12] 
19 19 

2.4 Utilities [6], [7],* 0.4 0.4 

2.5 
Maintenance & repairs 

[12] 
603 1,580 

2.6 Operating supplies [12] 91 237 

e. 
Fixed Charge (US $ thousand/year) = Total No. 2.7 

to 2.10 

2.7 Depreciation [8], [12],* 450 1,923 

2.8 
Tax for property [12], 

[16] 
216 593 

2.9 Financing for interest *  - - 
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2.10 Insurance [12] 92 253 

f. 
Plant Overhead Cost (US 

$ thousand/year) 
161 161 

g 
General Expenses (US $ thousand/year) = Total No. 

2.11 to 2.13 

2.11 
Administrative expenses 

[12] 
21 21 

2.12 
Distribution & marketing 

expenses [12] 
1,187 1,187 

2.13 
Research & development 

expenses [12] 
356 356 

 Total OPEX 11,937 12,887 

 
TABLE III: CAPEX AND OPEX CALCULATION ON COAL GASIFICATION 

PLANT FOR SYNGAS GENERATION (BASED ON 2011) 

No. Components Plant A  Plant B 

I. Capital Expenditures (CAPEX) = a+b+c 

a Direct Cost (US $ thousand) = Total No.1.1 to 1.10 

1.1 
Purchase equipment 

[5]-[7], [12]-[15] 
2,992 28,452 

1.2 Land cost [5], [12] 363 363 

1.3 Building cost [5], [12] 376 215 

1.4 
Equipment  installation 

[12] 
308 308 

1.5 
Instrumentation & control 

[12] 
444 444 

1.6 Piping cost [12] 239 239 

1.7 Electrical system [12] 103 103 

1.8 Yard improvements [12]  513 513 

1.9 Service facilities[12] 1,879 1,879 

1.10 
Health, safety & 

environment [12] 
19 19 

b. 
Indirect Cost (US $ thousand) = Total No. 1.11 to 

1.15 

1.11 
Engineering & 

Supervision [12] 
1,025 1,025 

1.12 Legal expenses [12] 814 814 

1.13 
Construction expenses 

[12]  
1,222 1,222 

1.14 Contractor’s Fee [12] 814 814 

1.15 Contingencies [12] 2,036 2,036 

c. 
Working Capital (US $ thousand) = Total No. 1.16 

to 1.19 

1.16 
Raw material in process 

[5],[10] 
709 530 

1.17 

Cash kept on hand for 

monthly payment of 

operating expenses 

[10],[12],* 

105 97 

1.18 Start-up cost*  97 76 

1.19 Accounts payable [12] 549 3,687 

 Total CAPEX  14,607 42,834 

    

II Operational Expenditures (OPEX) = d + e + f + g 

d 
Variable Production Cost(US $ thousand/year)= 

Total 2.1 to 2.6 

2.1 Raw materials [5],[10] 8,617 6,434 

2.2 Operating labor* 124 124 

2.3 
Operating supervision 

[12] 
19 19 

2.4 Utilities [6], [7],* 758 507 

2.5 
Maintenance and repairs 

[12] 
603 1,580 

2.6 Operating supplies [12] 91 237 

e. 
Fixed Charge (US $ thousand/year) = Total No. 2.7 

to 2.10 

2.7 Depreciation [8], [12],* 377 1,861 

2.8 
Tax for property [12], 

[16] 
197 593 

2.9 Financing for interest * - - 

2.10 Insurance [12] 84 253 

f. 
Plant Overhead Cost (US 

$ thousand/year) 
161 161 

g. 
General Expenses (US $ thousand/year) = Total No. 

2.11 to 2.13 

2.11 
Administrative expenses 

[12] 
21 21 

2.12 
Distribution & marketing 

expenses [12] 
1,187 1,187 

2.13 
Research & development 

expenses [12] 
356 356 

 Total OPEX 12,594 13,332 

 
TABLE IV: ECONOMIC CALCULATION OF COAL GASIFICATION PLANT FOR 

ELECTRICITY GENERATION (BASED ON 2011) 

No Parameters 
Plant 

A 

Plant 

B 

1. Profitability 

1.1 

The installment cost for loan 

payment ($/installment’s year) 

[17] 

- - 

1.2 Net profit before tax ($/year) 2,514 6,898 

1.3 Net profit after tax ($/year) [8] 1,760 4,828 

1.4 Annual Cash Flow ($/year) 1,760 4,828 

2. The length time return of capital  

2.1 Payout Time (POT) (years) [17] 8.55 8.55 

3. The total accumulative of capital for 20 years 

3.1 
Net Profit Over Total Life of 

Project (NPOTLP) ($)  
21,717 59,552 

3.2 Total Capital Sink (TCS) ($) 28,145 77,218 

4. Return on Investment 

4.1 
Rate of Return on Investment 

(ROR) (%) [17],[19] 
11% 11% 

4.2 
Discounted Cash Flow Rate of 

Return (DCF-ROR) (%) [20] 
5.41% 5.48% 

4.3 Break Even Point (BEP) 50% 39% 

5. Electricity Prices 

5.1 
Electricity Generation Cost 

($/kWh) 
0.189 0.204 

5.2 Electricity Selling Price ($/kWh) 0.273 0.352 

5.3 Electricity Tariff ($/kWh) 0.279 0.358 

 
TABLE V: ECONOMICS CALCULATION OF COAL GASIFICATION PLANT FOR 

SYNGAS GENERATION (BASED ON 2011) 

No Parameters 
Plant 

A 

Plant 

B 

1. Profitability 

1.1 

The installment cost for loan 

payment ($/installment’s year) 

[17] 

- - 

1.2 Net profit before tax ($/year) 2,295 6,731 

1.3 Net profit after tax ($/year) [8] 1,607 4,712 

1.4 Annual Cash Flow ($/year) 1,607 4,712 

2. The length time return of capital 

2.1 Payout Time (POT) (years) [17] 8.55 8.75 

3. The total accumulative of capital for 20 years 

3.1 
Net Profit Over Total Life of 

Project (NPOTLP) ($)  
19,831 58,215 

3.2 Total Capital Sink (TCS) ($) 25,698 75,355 

4. Return on Investment 

4.1 
Rate of Return on Investment 

(ROR) (%) [17],[19] 
11% 11% 

4.2 
Discounted Cash Flow Rate of 

Return (DCF-ROR) (%) [20] 
5.40% 5.49% 

4.3 Break Even Point (BEP) 51% 40% 

5. Syngas Prices 

5.1 Syngas Generation Cost ($/Nm3) 0.322 0.340 

5.2 Selling Price of Syngas ($/Nm3) 0.380 0.512 

Remark: Data for these components were obtained from direct 

information survey in Indonesia. 
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Fig. 2. Electricity generation cost, electricity selling price and electricity 

tariff on Plant A and Plant B in period 2011-2030. 

 

 
Fig. 3. Syngas production cost and syngas selling price on Plant A and Plant 

B in period 2011-2030. 

 

With suitable driving mechanism, coal still has great 

potential as energy source due to its large availability 

compared to other fossil fuels and coal gasification as 

promising conversion technology due to the flexible use of its 

products. 

 

IV. CONCLUSION 

In this paper, economic analysis of coal gasification plant 

for electricity and thermal energy supplies in Indonesia. 

Conclusions are made as following:  

1) Comparing coal gasifier technology imported from China 

(Plant A) and from Germany (Plant B), the investment 

cost (CAPEX) was much lower for Plant A. Due to the 

higher efficiency of Plant B, the operational cost (OPEX) 

was not much different. 

2) The calculated electricity generation cost are 0.189 and 

0.204 US$/kWh, electricity selling price are 0.273 and 

0.352 US$/kWh and electricity tariff are 0.279 and 0.358 

US$/kWh for Plant A and B, respectively. Thermal 

energy is supplied as synthetic gas (syngas). The 

calculated syngas generation cost are 0.322 and 0.340 

US$/Nm
3
 and syngas selling price are 0.38 and 0.512 

US$/Nm
3
, for Plant A and B, respectively.  

3) Based on the studied scenario, the selling prices of 

electricity from coal gasification are competitive when 

compared to that from diesel oil (i.e. 0.375 US$/kWh) 

but much less competitive when compared to that natural 

gas (i.e. 0.0864 US$/kWh). The selling prices of syngas 

is also higher than that of LPG (i.e. 0.238 US$/Nm
3
). 

4) With suitable driving mechanism, coal still has great 

potential as energy source especially for remote areas due 

to its large availability compared to other fossil fuels and 

coal gasification as promising conversion technology due 

to the flexible use of its products. 
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