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EXECUTIVE SUMMARY 

BACKGROUND 

In 1999, both Parsons Infrastructure & Technology Group (Parsons) and the National Renewable 
Energy Laboratory (NREL) prepared conceptual plant designs and cost estimates for producing 
hydrogen from coal gasification.  Parsons’ approach to producing hydrogen focused on 
integrating high-temperature ceramic membranes with coal gasification to both shift and separate 
hydrogen from the syngas.1  Parsons also prepared a base case design for hydrogen from coal 
gasification utilizing conventional technology.  The NREL approach to plant design focused on 
advanced and conventional technology for hydrogen production with high-temperature gas 
cleanup, shift, and PSA purification, augmented with various concepts to sequester CO2 and 
increase hydrogen production.2  These concepts consisted of a base case design for production of 
hydrogen from coal gasification accompanied by CO2 sequestration in coal seams, reforming 
extracted methane, and producing power from extracted coal seam methane.  The base case cost 
for producing hydrogen from coal gasification was reported by Parsons to be $5.57/MMBtu, 
while NREL reported the base case cost for hydrogen from coal gasification to be 
$18.97/MMBtu. 

The primary differences in the cost of hydrogen from the Parsons and NREL plants can be 
realized from the Total Plant Investment (TPI).  The TPI for the NREL plant per unit of 
hydrogen production is 2.3 times that of the Parsons plant. 

Due to the wide differences in reported costs for capital and the need to provide a baseline cost 
for hydrogen production, NETL has tasked Parsons to review its prior plant design and cost 
estimate for producing hydrogen from coal gasification utilizing commercial technology.  The 
key benefit of utilizing commercial technology is the obtaining of credible cost estimates for the 
plant, with a minimum of process contingency.  The results of this effort are intended to prepare 
a basis from which to utilize individualized financial parameters in the U.S. Department of 
Energy (DOE) Integrated Gasification Combined Cycle (IGCC) Cost Estimating Model to arrive 
at a selling price for hydrogen. 

Focus of the plant design will be from a common thermal gasifier throughput.  Two coals will be 
reviewed, Pittsburgh No. 8 and PRB Wyodak.  Hydrogen costs from these coals will be prepared 
to quantify the differing plant characteristics associated with bituminous coal or sub-bituminous 
coal. 

                                                 

1 “Decarbonized Fuel Production Facilities/Base Case Comparisons,” Letter Report, U.S. DOE, June 1999. 

2 Spath, Pamela and Amos, Wade, “Technoeconomic Analysis of Hydrogen Production from Low-Btu Western Coal 
Augmented with CO2 Sequestration and Coalbed Methane Recovery Including Delivered Hydrogen Costs,” NREL, 
September 1999. 
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INTRODUCTION 

The objective of this task was to prepare capital and operating cost data to be used to arrive at a 
plant gate cost for hydrogen produced from coal gasification.  The two coals used in this study 
are Pittsburgh No. 8 bituminous and Wyodak Powder River Basin (PRB) sub-bituminous.  
Hydrogen cost was determined by first preparing two plant designs for hydrogen production, 
based on currently available process technology, and meeting current permitting regulations for 
environmental compliance.  These baseline plants will not capture CO2.   

To arrive at a cost estimate for hydrogen, the design included commercially available process 
technology obtained from verifiable sources.  The plants utilized commercially available 
technology including a Wabash River-scale Destec (E-Gas) gasifier, conventional gas cooling, 
commercial shift conversion and acid gas cleanup, commercial sulfuric acid technology, and 
commercial pressure swing adsorption (PSA).  The E-Gas gasifier is the gasifier of choice for 
this study since it has been operated on both bituminous and sub-bituminous coals.  Figure ES-1 
is the block flow diagram for the plant. 

Based on financial assumptions typically used by Parsons for IGCC, the cost of hydrogen was 
estimated for Pittsburgh No. 8 coal and for Wyodak PRB coal at the plant gate.  The results of 
these two cases were imported into the DOE IGCC financial model.  Using the financial model, 
sensitivities of the effect of financial parameters can easily be determined.  When different 
financial parameters are defined, the impact can be quantified. 

Figure ES-1 
Block Flow Diagram 
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Table ES-1 lists the plant design criteria and site conditions.   

Table ES-1 
Design Criteria for Conventional Hydrogen Production Plant 

Hydrogen Production Plant 
Parameter 

Hydrogen Production Plant  
Design Basis 

Ambient Conditions 14.7 psia, 60°F, river water access 

Coal Feed Pittsburgh No. 8/PRB Wyodak 

Gasifier Oxygen-blown E-Gas with second stage adjusted for 1900°F 
output 

Coal Feed Rate 2,500 tpd dry basis 

Hot Gas Temperature ~1900°F 

Gasifier Outlet Pressure 450 psia 

Gas Quench/Cooling 625°F 

Metallic Candle Filter Following quench/cooling 

CO-Shift Single-stage high-temperature, sulfur-tolerant 

Desulfurization Proprietary amine 

Sulfur Recovery Sulfuric acid byproduct 

CO2 Recovery None  

Hydrogen Purification Pressure swing adsorption (PSA) 

PSA Retinate Gas Fired in auxiliary boiler 

CO2 Product Pressure N/A 

Hydrogen Utilization 315 psia at plant gate 

Auxiliary Power Block Steam turbine generator 

Plant Size Maximum hydrogen production from 2,500 tpd dry coal feed 

Plant Capacity Factor 90 percent 

 

Process Selection 

Gasifier.  The E-Gas gasifier is selected for these plants because of the wide differences in the 
coals to be compared.  The E-Gas two-stage design has resulted in successful operation on 
both bituminous and sub-bituminous coals.  By comparison, the Texaco gasifier with its single-
stage entrained slurry feed reaches operational limitations with high-moisture coals, e.g., sub-
bituminous and lignite. 

Shift Reactor Catalyst.  For this plant design the CO converter was located upstream of the acid 
gas removal (AGR) unit.  The CO shift catalyst selected for these plants is the Haldor-Topsoe 
SSK Sulfur Tolerant CO Conversion Catalyst.  The plant will utilize a single-stage high-
temperature shift, resulting in a CO conversion of greater than 80 percent.  The SSK catalyst also 
promotes COS hydrolysis, thereby resulting in an acid gas consisting of all H2S. 
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Acid Gas Removal.  The traditional approach to acid gas removal is with regenerable amines.  
Other methods include removal of H2S with membranes systems or with molecular sieves.  
Regenerable amines are by far the most popular means of removal of acid gas from all types of 
gaseous streams.  Therefore, the AGR process selected for these plants is a proprietary amine 
with an H2S concentrator on the regenerated acid gas.  The gas from the AGR process, 
concentrated in H2S, will be used as a feed for a Monsanto H2S-fired sulfuric acid plant. 

Hydrogen Purification.  The three main processes for hydrogen purification are the pressure 
swing adsorption, the selective permeation process using polymer membranes, and the cryogenic 
separation process.  Each of these processes is based on a different separation principle, and the 
process characteristics differ significantly.  The PSA system was selected based on the ability to 
produce high purity (99.9 percent) hydrogen, low amounts of CO and CO2, ease of operation, 
and a single system. 

PITTSBURGH NO. 8 COAL 

This section is dedicated to the design and cost estimate for a hydrogen plant fed with Pittsburgh 
No. 8 bituminous coal.  This coal is characterized having high volatility, low ash and moisture 
content, and high as-received heating value.  The high sulfur content results in a significant 
value-added from the sulfuric acid byproduct. 

Heat and Material Balance 

The heat and material balance for the IGCC plant is based on the maximum hydrogen production 
from 2,500 tons per day of dry coal.  Ambient operating conditions are indicated in the plant 
design basis.  The pressurized entrained flow E-Gas™ two-stage gasifier uses a coal/water slurry 
and oxygen to produce a medium heating value fuel gas.  The syngas produced in the gasifier 
first stage at about 2450°F (1343°C) is quenched to 1900°F (1038°C) by reacting with slurry 
injected into the second stage.  The syngas passes through a fire tube boiler syngas cooler and 
leaves at 1300°F (704°C).  A second gas cooler in series cools the gas further to 645°F (341°C).  
High-pressure saturated steam is generated in the syngas coolers and is joined with the main 
steam supply. 

The gas goes through a series of additional gas coolers and cleanup processes including a 
scrubber.  Slag captured by the syngas scrubber is recovered in a slag recovery unit.   

The syngas stream from the syngas scrubber enters the high-temperature shift converter, which 
contains a bed of sulfided shift catalyst.  The shift reaction converts over 80 percent of the CO to 
hydrogen and CO2 and hydrolyzes COS to H2S.  Following the shift converter, the cooled gas 
stream passes through a proprietary amine acid gas removal process, which removes H2S and 
some of the CO2.  The clean gas stream then passes through the PSA for final purification of the 
hydrogen.  Regeneration gas from the PSA contains fuel value, and is fed to the heat recovery 
steam generator (HRSG).  Regeneration gas from the AGR plant is fed to a sulfuric acid plant. 

The cryogenic oxygen plant supplies 99 percent purity oxygen to the gasifiers at the rated 
pressure.  A dedicated air compressor provides air supply for the oxygen plants. 
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The steam cycle is based on maximizing heat recovery from the gasifier cooler and HRSG, as 
well as utilizing steam generation opportunities in the shift process. 

Overall performance for the entire plant is summarized in Table ES-2, which includes auxiliary 
power requirements.  The net plant output power, after plant auxiliary power requirements are 
deducted, is nominally 38 MWe.  The overall plant thermal effective efficiency (thermal value of 
hydrogen and power produced) is 62.3 percent, on an HHV basis.   

Table ES-2 
Performance Summary 

Hydrogen Production from Pittsburgh No. 8 Coal 

Plant Size, tons H2/day 
(MMscfd) @ 346 psia 

312.6 
(112.2) 

Coal Feed (dry basis) 2,500 tpd 
Plant Availability 90% 
Cold Gas Efficiency 57.7% 
Equivalent Thermal Efficiency, HHV 62.3% 
Gross Power Production 78.5 MW 
Auxiliary Power 40.9 MW 
Net Power 37.6 MW 

 

Capital Cost 

The total plant cost for the plant producing 313 tons of hydrogen per day from Pittsburgh No. 8 
coal is $376.1 million in 2001 dollars.  The capital cost summary is included in Table ES-3. 

Consumables 

Shift Catalyst: 

• Change-out every 3 years 

• 0.0045 pound of catalyst per 1,000 standard cubic feet of hydrogen 

• 250 tons initial charge 

• 85 tons per year annual cost 

Proprietary Amine: 

• 12 pounds per hour 

• 100,000 pounds per year 
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Table ES-3 
Capital Cost Summary – Hydrogen Production from Pittsburgh No. 8 Coal 

 

PSA Sorbent: 

• Periodic change-out with scheduled maintenance 

SO2 Conversion Catalyst: 

• Periodic change-out with scheduled maintenance 

Byproduct Credits 

The production of 229 tons of sulfuric acid per day is taken as a byproduct credit at $75 per ton. 
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WYODAK PRB COAL 

This section is dedicated to the design and cost estimate for a hydrogen plant fed with Wyodak 
PRB sub-bituminous coal.  This coal is characterized having low volatility, high ash and 
moisture content, and a lower as-received heating value.  The low sulfur content results in a 
lesser value-added from the sulfuric acid byproduct. 

Heat and Material Balance 

The heat and material balance for the IGCC plant is based on the maximum hydrogen production 
from 2,500 tons per day of dry coal.  Ambient operating conditions are indicated in the plant 
design basis.  The pressurized entrained flow E-Gas™ two-stage gasifier uses a coal/water slurry 
and oxygen to produce a medium heating value fuel gas.  The syngas produced in the gasifier 
first stage at about 2450°F (1343°C) is quenched to 1900°F (1038°C) by reacting with slurry 
injected into the second stage.  The syngas passes through a fire tube boiler syngas cooler and 
leaves at 1300°F (704°C).  A second gas cooler in series cools the gas further to 645°F (341°C).  
High-pressure saturated steam is generated in the syngas coolers and is joined with the main 
steam supply. 

The gas goes through a series of additional gas coolers and cleanup processes including a 
scrubber.  Slag captured by the syngas scrubber is recovered in a slag recovery unit.   

The syngas stream from the syngas scrubber enters the high-temperature shift converter, which 
contains a bed of sulfided shift catalyst.  The shift reaction converts over 80 percent of the CO to 
hydrogen and CO2 and hydrolyzes COS to H2S.  Following the shift converter, the cooled gas 
stream passes through a proprietary amine acid gas removal process, which removes H2S and 
some of the CO2.  The clean gas stream then passes through the PSA for final purification of the 
hydrogen.  Regeneration gas from the PSA contains fuel value, and is fed to the HRSG.  
Regeneration gas from the AGR plant is fed to a sulfuric acid plant. 

The cryogenic oxygen plant supplies 99 percent pure oxygen to the gasifiers at the rated 
pressure.  A dedicated air compressor provides air supply for the oxygen plants. 

The steam cycle is based on maximizing heat recovery from the gasifier cooler and HRSG, as 
well as utilizing steam generation opportunities in the shift process. 

Overall performance for the entire plant is summarized in Table ES-4, which includes auxiliary 
power requirements.  The net plant output power, after plant auxiliary power requirements are 
deducted, is nominally 42 MWe.  The overall plant thermal effective efficiency (thermal value of 
hydrogen and power produced) is 59.7 percent, on an HHV basis. 
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Table ES-4 
Performance Summary 

Hydrogen Production from Wyodak Coal 

Plant Size, tons H2/day 
(MMscfd) @ 346 psia 

259.2 
(93.1) 

Coal Feed (dry basis) 2,500 tpd 
Plant Availability 90% 
Cold Gas Efficiency 54.2% 
Equivalent Thermal Efficiency, HHV 59.7% 
Gross Power Production 81.5 MW 
Auxiliary Power 39.6 MW 
Net Power 41.9 MW 

 

Capital Cost 

The total plant cost for the plant producing 313 tons of hydrogen per day from Wyodak PRB 
coal is $364.6 million in 2001 dollars.  The capital cost summary is included in Table ES-5. 

Table ES-5 
Capital Cost Summary – Hydrogen Production from Wyodak Coal 
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Consumables 

Shift Catalyst: 

• Change-out every 3 years 

• 0.0045 pound of catalyst per 1,000 standard cubic feet of hydrogen 

• 210 tons initial charge 

• 70 tons per year annual cost 

Proprietary Amine: 

• 12 pounds per hour 

• 100,000 pounds per year 

PSA Sorbent: 

• Periodic change-out with scheduled maintenance 

SO2 Conversion Catalyst: 

• Periodic change-out with scheduled maintenance 

Byproduct Credits 

The production of 61 tons of sulfuric acid per day is taken as a byproduct credit at $75 per ton. 

BASIS OF COST OF HYDROGEN COMPARISONS FOR VARIOUS FINANCIAL 
ASSUMPTIONS 

Based on financial assumptions typically used by Parsons for IGCC (see Table ES-6), the cost of 
hydrogen was estimated to be $6.01/MMBtu ($2.06/Mcf) for Pittsburgh No. 8 and $6.44/MMBtu 
($2.20/Mcf) for Wyodak PRB coal at plant gate. 

The results of these two cases were imputed into the DOE IGCC financial model. Using the 
financial model, sensitivities of the effect of financial parameters can easily be determined.  
When different financial parameters are defined, the impact can be quantified.  Figure ES-2 
shows one such variation, the internal rate of return (IRR) versus the cost of hydrogen. 
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Table ES-6 
Financial Parameters 

Levelized capacity factor 90% 
Design/construction period 4 years 
Plant startup date January 2005 
Land area/Unit cost 100 acres @ 41,500/acre 
Project book life 20 years 
Project tax life 20 years 
Tax depreciation method Accelerated based on ACRS class 
Property tax rate 1.0% per year 
Insurance tax rate 1.0% per year 
Federal income tax rate 34.0% 
State income tax rate 4.2% 
Capital structure 

Common equity 
Debt 

 
20% @ 16.50% annum 
80% @ 6.30% annum 

Weighted cost of capital (after tax) 6.49% 
Sulfur credit $75/ton 
Power sales $30.00/MWh 

 

 

Figure ES-2 
Sensitivity of IRR to Hydrogen Costs 
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