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NTH Consuftants, Ltd. 608 S. Washington Avenue
Lansing, Mi 48933

Infrastructure Engineering 517.484.6900
and Environmental Services 517.485.8323 Fax
Mr. David Riddle, Sr. Environmental Engineer April 9, 2008
MDEQ ~ AQD NTH Project 16-1601026

Permit Section, Thermal Process Unit
Lansing, Michigan 48933
RECEIVED
RE: Amendment to Application No. 341-07
Consumers Energy Company — Bay County APR 19 7008
Top-Down BACT Analysis for IGCC

AlR ;
Dear Mr. Riddle: QUALITY Div,

Pursuant to your request on February 14, 2008, Consumers Energy Company (Consumers) is
submitting the attached supplement to the Technology Assessment in Appendix I of Permit to
Install Application No. 341-07 for the proposed advanced supercritical pulverized coal (ASCPC)
boiler project. The supplement includes a top-down Best Available Control Technology (BACT)
review on Integrated Gasification Combined Cycle (IGCC) technology.

Your February 14 letter asked that the BACT analysis follow the guidelines established in the
Draft 1990 New Source Review Workshop Manual (i.e. the top-down approach). In addition,
you provided a checklist of items that needed to be addressed to ensure a complete BACT
evaluation. Consumers performed the analysis based on MDEQ's requested procedures. The
completed checklist is attached for your reference.

If you have any questions concerning this amendment, please feel free to contact me at (517) 484-
6900,

Sincerely

Lori Myott
Senior Project Engineer

Project Manager
Attachment
JP}/mjb

cc: Ms. Linda Hilbert, Consumers Energy Company

S:\Proj\2008\16\061026\0409-003-Iir




IGCC BACT Checklist”

"General Requirements. .. . ooooTmmTETT
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Are afl penaitles assessed ciearly documented and techmca}iy justn‘:ed’? ps 37-Y>

Y

1. 1 X Is the availability and capacity factor consistent among all cases? ps5.25-a\s
P2, Is the configuration necessary to attain the needed availability clearly defined and -
: A justified? ¢y 25-aL %
31X Are costs adjusted consistently among all cases? P9 32-3i 5
4. I X Is the method of cost adjustment ciearly defined? pg 32 -3¢ '
5. 1 X Are costs based upon the most recent and accurate information? pg 32-2L

6. K Are the sources of cost information clearly documented? pg 32-Yy73 |

7. I K Is the basis for fuel selection documented? 5 10|

8. | X Is the net generating capacity the same in all cases? f5 2 5-24

9. | X Is the mechanism for adjusting the net generating capacity documented? pg 25 -2

10,0 X Is the basis of the heat rate of each combustion source documented? pg 29

1.1 K% Are the allowable emission rates reflective of the most recently issued permits? ;.

12. | X Is the cost of capital the same for each combustion configuration?pq 26 ¢ 13 Ml

13. ] X Are differences in the cost of capital justified? g5 32 -3¢

14,1 X Is the method of cost effectiveness defined? 95 30-3

19.1 K Is mercury control addressed in all cases? pg &5 -2b _

16. 1 K Is the pollution control devices clearly defined for all cases? p =5 -at

170 K Are allowable emissions clearly defined in all cases? p5 23

18. 1 K is a consistent amontization period used for all cases? 5 32 -3(

19. | K Is the purchase cost of NOx and SO? allowances included? p¢ 34 ]

20. 1 K Is the cost basis for NOx and SO? aliocations included? o5 29

7&
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s there more than one iGCC cenf;guratlon chosen’?

2 Vo‘f:;.

Is there more than one non-IGCC configuration chosen?
24. 1 K is the basis for each case explamed? pg 2s --;\a N r_,c ure [
Other Environmental Impacts : Co
25. | K Is the treatment of all wastes mcluded?> p_c, 37~ TN
26. 1 K Are waste treatment costs included and documented? pg 35~y
27. | K Is the cost dlfferentiai in cooimg water addressed? m 3%
Economic Consideration: i :
28. 1 K Is cost effectweness $!ton) esttmated for aﬂ crltena po!futants'? P5 30, i,f 3
20. 1 A Are annualized capital costs inciuded? 99 3>, 3
30.] K Is the basis for calculating annualized capital cosis explained? 135 36
31. 1 X Are the fixed operating and maintenance (O & M) costs included (non fuel costs)?
32.| X Is the basis for calculating fixed O & M explained? pq Y0-Y2o
33.1 K Is the basis for cost of fuel explained? P 37~3% -
34. 1 K Are fixed O & M costs calculated and fully explained? ps Y0-Y >~
35.1 K Is the basis for a comparative cost effectiveness documented? ]

Additional information may be requested on a case-by case basis
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SUPPLEMENT TO APPENDIX 1
Permit to Install Application No. 341-07

Top-Down BACT Analysis for IGCC

Introduction

On January 15, 2007, the Michigan Department of Environmental Quality (MDEQ), Air Quality
Division (AQD), requested that Consumers Energy (Consumers) supplement the original Best
Available Control Technology (BACT) analysis (Section 5 of Permit to Install Application No.
341-07) for the proposed advanced supercritical pulverized coal (ASCPC) boiler project to
include a review on Integrated Gasification Combined Cycle (IGCC) technology. BACT is
required under the federal Prevention of Significant Deterioration (PSD) Rules, 40 CFR 52.21(j)
and State of Michigan PSD Rule R 336.2810, herein referred to as the PSD Rules.

Consumers submitted detailed comments to the AQD on September 27, 2007 to present their
views on the agency’s proposed policy to include IGCC in a BACT analysis for a coal fired
electric generating plant. It remains Consumers position that IGCC should not be considered as
part of the BACT analysis because it would constitute a redefinition of the source. The legal
reasoning for this position was stated in the September 27, 2007 letter, which is incorporated here
by reference and made a part of this submittal. Consumers suggested that a more appropriate
approach is to evaluate IGCC as an “alternative” source under Section 165(a)(2) of the Clean Air
Act (CAA). Here the CAA explicitly distinguished between “alternatives” to a proposed source
{e.g. IGCC) and “control technology™ for a proposed source. IGCC is clearly not considered a
control technology for a coal fired boiler (i.e. it does not reduce emissions from a coal boiler).
This approach is also more consistent with applicable legal requirements and United States

Environmental Protection Agency (USEPA) guidance.

Consumers has reviewed the most recent and available data on demonstrated IGCC performance
and attempted to evaluate it in the top-down BACT approach. It has been determined that IGCC
is considered a redefinition of the proposed source and is not an inherently lower emitting process.
Therefore it would not be listed in Step 1 of the BACT analysis. Per the MDEQ’s request,
however, 1GCC was evaluated further in Steps 2 through 5. Consumers confirmed that IGCC is

-1-



Consumers Energy Company
Air Permit Application
ASCPC Project — REVISED April 9, 2008

not technically feasible because it has not been demonstrated at the size necessary for the
proposed project (800MW net) or achieving availability at 90 percent and above. In addition, the
gasification technology has limited commercial availability using PRB coal feedstock. Therefore,
it would not be considered beyond Step 2. Moreover, demonstrated IGCC emissions are not
lower than what is being proposed for the ASCPC boiler and as such IGCC can be eliminated
from further review. While there have been seventeen proposed IGCC plants that have
commenced the permitting process, all but one of these have been delayed or cancelled
completely. Finally, taking into account factors needed to achieve a high availability as well as a
pollution control strategy to achieve the emission levels at or below the ASCPC boiler, the capital
cost of an 800 MW IGCC installation is well over 30 percent of the cost of the ASCPC project.

1GCC is clearly not economically feasible.

Step 1: Control Technology Description

The first step in the top-down BACT analysis is to identify all control options with potential
application to the source. In addition to add-on control technologies, this analysis includes listing
any inherently lower-emitting processes/practices. Inherently lower-emitting processes include
the use of materials and production processes and work practices that prevent emissions. USEPA
did not intend an applicant to evaluate an unnecessarily large number of control technologies in
this step. An applicant 1s allowed to exclude options that have negligible differences in emissions
or those technologies with similar reduction potentials. Costs associated with similar technologies
can also be considered in this step and an applicant can decide to list and evaluate a less costly

option over a technology that has nearly identical emissions,

Defining the Source
The initial step in a control technology review is to define the source itself. USEPA’s

Environmental Appeals Board (EAB) has said that the source is defined by the applicant. in re
Prairie State Generating Company LLC, slip op at 29-30. The EAB concluded that “the statute
contemplates that the permit issuer looks to how the permit applicant defines the proposed
facility’s purpose or basic design in its application,” at least where “that purpose or design is

objectively discernable.” Id. at 28 (emphasis added). The EAB further stated, the

“permit issuer must be mindful that BACT, in most cases, should not be applied to

regulate the applicant’s objective or purpose for the proposed facility, and therefore, the
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permit issuer must discern which design elements are inherent to that purpose, articulated
for reasons independent of air quality permitting, and which design elements may be
changed to achieve pollutant emissions reductions without disrupting the applicant’s basic

business purpose for the proposed facility.” /d at 30.

Thus, according to the EAB, “the permit applicant initiates the process and, in doing so, we
conclude, defines the proposed facility’s end, object, aim, or purpose—that is the facility’s basic

design.” Id. at 29.

Consumers performed a technology assessment and evaluated several technologies, including
IGCC, in Appendix 1 of the Permit to Install Application No. 341-07. Based on this assessment,
Consumers defines the source as a base load coal fueled generating facility of 930 Megawatt
(gross) capacity, located at its existing Karn/Weadock Generating Station. This determination
was based on various factors including potential environmental impacts, site characteristics,
required generating capacity, capital and operating costs, reliability, availability, fuel price, fuel
availability, and safety factors. The use of low sulfur sub-bituminous coal (Powder River Basin)
with the potential to burn up to a 50 percent blend of bituminous and sub-bituminous coal has
been determined as the most economical and beneficial fue! for the ASCPC boiler with associated

control equipment.

USEPA guidance (1990 NSR Workshop Manual pg. B.13) states that although an applicant
should look at inherently lower-emitting processes, it is not meant to redefine the design of the
proposed source to the point that it becomes an entirely different type of facility. The PSD Rules
describe BACT as a control technology review and not a review of additional processes.
Although IGCC and fossil fuel fired electric power plants both produce electricity, there are many
fundamental differences in the physical and chemical operations to get to the final product. The
key component of an {GCC plant is the gasification process, which is considered a fuel conversion
plant. This is a source classification that a coal-fired boiler does not meet. The technology
involved in the gasification process is one with which electric generation facilities are generally
not familiar. While the gasification process has been around for many vears, its use with electric
generation is much more recent and very limited. This lack of experience combined with the
integrated gasification combined cycle systems complexity can create several operational

problems that can lead to significant delays in bringing the source on-line and to multiyear
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shakedown periods. For these reasons, to date, both the first generation demonstration plants and
the second generation demonstration [GCC proposals are primarily funded by the United States

Department of Energy (USDOE).

An IGCC plant burns a synthesis gas (syngas) derived from fossil fuel in a combined cycle
turbine. It does not burn fossil fuel directly as a conventional coal boiler does. The combustion
technology itself is also fundamentally different. IGCC uses a combustion turbine (internal
combustion engine) which is different than the external combustion boiler used at a conventional
plant. A boiler and combustion turbine are considered two different source categories and have
separate source classification codes. Turbines and boilers are subject to distinctly different state
and federal regulations that include different emission standards and control requirements.
Turbine and IGCC performance are highly dependent on ambient conditions, site elevatioh and air
density, and has much greater output variations than a boiler. In addition, depending upon the
gasifier design, an IGCC process typically has much longer startup times (24 hours as compared
to 8-12 hours for a cold boiler startup) and is not as operationally flexible in following load
dispatch curves that are typical of a power generation facility. IGCC has poor efficiency at low
loads. It has trouble making load adjustments while maintaining operational stability due to the
direct dependency of combustion turbine output on syngas production. Maintenance for IGCC is
also expected to be more complicated and time consuming than for a coal boiler because of the
additional equipment required, the equipment maintenance intervals, and complexity in operating
that equipment. These lead to reduced availabilities and more opportunity for plant shutdowns for
both scheduled and unscheduled inspections, repairs and maintenance. An applicant must
consider operational differences as well as fuel availability and costs, generating capacity, capital
and operating costs, site characteristics, reliability and financing for each unit when a project is
selected. The BACT analysis was not intended as a means to dictate these variables to an

applicant.

Under the PSD Rules, an IGCC plant would be considered both a fuel conversion plant and a
fossil fuel fired steam electric plant. Syngas combustion more closely resembles a natural gas
fired power plant than a pulverized coal plant. USEPA has affirmed that such comparison is
considered redefining the project (i.e. USEPA NSR Workshop Manual, pg B.13, specifically

states that an applicant proposing to install a coal fired steam electric generator is not required to
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consider a natural gas fired electric turbine). Even if it is assumed that syngas combustion is
similar to coal combustion, the fact remains that I[GCC plants burn a significant amount of natural
gas to achieve acceptable availability. The coal based IGCC plants operating today would be
forecast to achieve about 80 percent availability when using a coal feedstock alone, without the
additional cost and complexity of a spare gasifier. This is in comparison to a base load generation

target of 90 percent availability established for the proposed ASCPC project.

There is a significant difference in the _performahce_ required for a gasifier used to deliver
chemical feedstocks and a gasifier used in an IGCC process to deliver fuel for combined cycle
power generation. Chemical feedstocks can be generated in batches without losing production
while electric generation from an IGCC requires constant delivery of high quality syngas fuel.
The gasifier must melt any nonfuel components as part of the gasification process. To avoid
slagging at levels that would require shutdown of the gasifier, these units operate more reliably
with a high heat content, low moisture, and low ash (i.e. less than 15 percent) fuel. To satisfy this
requirement, the original equipment manufacturers (OEMs) have tended to initially standardize,
or develop reference plants, based on the use of fuels such as petcoke and bituminous coals to
meet reliability requirements, reduce project costs and simplity the front-end engineering and

design (FEED) process.

Consistent with the remainder of its fleet, Consumers has proposed that the ASCPC project utilize
PRB coal as the primary fuel. The use of PRB coal does not allow the use of an existing IGCC
reference plant design that has completed the FEED process. This will result in increased project
development and capital costs. Compared to the fuels previously mentioned (bituminous coal and
petcoke), there is limited [GCC operating experience on PRB coals with the majority of this
experience gained at the Louisiana Gasification Technology, Tnc. facility (LGTT), which operated
from 1987 through 1995 and used sub-bituminous coal as its primary fuel. The LGTI plant was a
coal gasification facility that supplied syngas to Dow Chemical Company and produced 160 MW
of electricity. This plant is significantly smaller than the ASCPC boiler proposed by Consumers.

IGCC involves a significant redesign of the proposed ASCPC project. The technology has never
been demonstrated at the size at which the ASCPC is designed to operate. Therefore cost and

emissions data are only theoretical estimates that have been scaled from other sources in operation
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that are much smaller. Consumers asserts that [GCC constitutes a redefinition of the proposed

project and therefore should not be considered.

Emissions Profile

Based upon historical operating experience and in comparison to the emissions of the proposed
ASCPC facility, IGCC is not an inherently lower emitting process. As indicated in Table 1, actual
emissions associated with operating IGCC plants are similar to and in some cases higher than
what is proposed for the ASCPC boiler. In order for an IGCC to achieve lower emissions than
those presented in Table 1, the IGCC process must utilize a ceramic filter, cyclone and/or gas
scrubber for particulate control; a Claus/Scot process to remove sulfur; nitrogen dilution in the
combustor and selective catalytic reduction for NO,, control; and activated carbon injection to
reduce mercury. Such processes are not “inherent” to IGCC by definition. It should be noted that
the IGCC emissions listed below represent the combustion turbine emissions and do not include
emissions associated with the entire IGCC process (e.g. flare, incinerator, air separation unit
cooling tower, sulfuric acid plant). As such, this table underestimates the total plant emissions
associated with an IGCC plant as compared to the ASCPC project emissions. Similarly, the
ASCPC emissions only represent those from the boiler and do not include ancillary equipment
(e.g. auxiliary boiler, emergency diesel engines, etc.). However, the emissions from supplemental
equipment associated with the ASCPC boiler project are much less significant because most of the
ancillary equipment operates on a stand-by or emergency basis whereas the ancillary equipment in

an IGCC process is an integral part of the overall process.
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Table 1. Emission Comparison

Pollutant IGCC - ASCPC Boiler
- (1b/MMBtu) ~ (Ib/MMBtu)
SO, 0.10-0.15" 0.06
NO, 0.06-0.075" 0.05
) 2 (0.012 (filterable)
PM/PM,o/PM, 5 0.012-0.015 (fikerable) 0.025 (total)
Co 0.05° 0.125
\ele 0.002° 0.0036

'NO, and SO, IGCC combustion turbine emissions from 2005 and 2006 Acid Rain Program reported emissions for
the Global Energy Wabash River and the Tampa Electric Polk Power Station.

? Particulate, CO and VOC 1GCC emissions data from Major Environmental Aspects of Gasification-Based Power
Generation Technologies Final Report, U.S. Department of Energy * Office of Fossil Energy + National Energy
Technology Laboratory, December 2002 for the Global Energy Wabash River and the Tampa Electric Polk Power
Station (CO and VOC emissions are from the Wabash Plant).

IGCC is not considered an add-on control device because it is not a control system that reduces
emissions from a coal boiler. It is an entirely different process. As shown in Table 1, IGCC is not
an inherently lower-emitting process/practice and it would constitute a redefinition of the
proposed source. Therefore it would not be listed in Step 1. However, based on MDEQ request,

IGCC is further evaluated.

IGCC Technology Description

IGCC is a technology that uses solid fuels to produce synthesis gas, (syngas) that can be fed to a
combustion turbine to generate electricity. 1GCC technology combines two different technologies
(solid fuel synthesis and combustion turbines) by producing 2 medium-Btu value syngas from
coal or other solid fuel (petroleum coke) and firing it in a modified conventional gas turbine as
part of a combined cycle application. When combining these two technologies, high levels of
integration between the two processes are typically incorporated to increase plant efficiency. The
integration is accomplished by using heat exchangers to capture heat produced in the gasification
process and utilizing it to increase the output and efficiency of the steam cycle. Additionally,
compressed air from the combustion turbine compressor can be utilized as an air supply to the air
separations unit. While these factors improve the plant efficiency, they also increase the
complexity of the plant. Even with this degree of integration, the efficiency of IGCC is slightly

less than an advanced supercritical pulverized coal unit using the same fuel. As evaluated herein,

-7-



NT=
<,

Consumers Energy Company
Air Permit Application
ASCPC Project — REVISED April 9, 2008

the ASCPC project is proposed with a net plant heat rate of 8,966 Btu per kilowatt-hour (kWH) or
38.1 percent efficiency while the IGCC installation is estimated at 8,999 Btu/kWH or 37.9 percent
efficiency on a higher heating value basis. It should be noted that these heat rate and efficiency

values are approximated at average expected operating conditions and would vary from permitted

values, which allow for the full range of plant operation and future plant degradation.

The gasification process involves exposing a hydrocarbon feedstock to a high-pressure, high
temperature environment. This environment would normally cause the coal to combust. By
carefully regulating the amount of oxygen in the gasifier and adding steam, the coal does not burn
but rather chemically transforms into synthesis gas (syngas). Most gasification systems proposed
for IGCC applications are oxygen-blown systems in which oxygen produced in an air separation
unit (ASU) is added to the gasifier. The typical ASU Cryogenically separates ambient air into its
major constituents: oxygen (O;) and nitrogen (N2). Most of the O; is needed in the gasification
plant but a small percentage of the O is used separately in a sulfuric acid plant. Most of the N;
goes to the power plant’s combustion turbine to dilute the fuel gas for NO, abatement. This
diluent N» also increases the combustion turbine’s power production as it expands through the

turbine.

The resulting syngas is a mixture of mainly carbon monoxide and hydrogen. To clean the syngas,
it must be filtered and scrubbed to reduce particulates, sulfur and other contaminants prior to
being combusted in the combustion turbine. The advantages of removing poliutants before
combustion is that the volume of syngas is much lower than the volume of flue gas generated by
combustion. Typical syngas from an oxygen blown gasifier has a relatively low heating value,
ranging from 200 to 300 Btu per standard cubic feet (scf), requiring a large and reliable supply of

syngas to meet the heat input requirements of a utility boiler or combustion turbine.
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Step 2: Technical Feasibility

The next step in the top down BACT process is to determine whether a control option is
technically feasible. A technology is technically feasible if it has been installed and successfully
operated on a similar source or if it is available and applicable. For an option to be considered
available it must be obtainable through commercial channels. An available technology is one that
can be realistically installed and operated and is at least in the licensing and commercial
demonstration stage of development. A commercially available option is considered applicable if
it can be reasonably instalied or is soon to be installed on a similar source. In addition, BACT is
defined as an emission limit, so the level of contro} from the technology must be achievable over

the lifetime of the project.

Gasification is not a new concept or process. In fact, gasification technologies and processes have
been used in the chemical and petroleum industries for nearly half a century. Primarily, the
syngas was used to produce chemicals such as ammonia and fertilizers. However, it wasn’t until
the last 20 years under direction of the Department of Energy, and with substantial financial
grants, that coal gasification was integrated into a power plant and used to produce electricity on a
commercial basis. There are currently two commercial-size, coal-based IGCC plants in operation
in the United States and two in Europe, with IGCC currently in the second phase of project
implementation and commercialization. Low facility availability and high capital costs continue
to be problematic for this technology. For example, the Minnesota Public Utilities Commission
has ruled that the proposed power purchase agreement for the 630 MW Mesaba IGCC project is
not in the public interest and that the cost of power from the installation would cost ratepayers
more than that obtainable from other sources. Regardless of these setbacks, commercial offerings

with limited guarantees are available from multiple suppliers.

The Wabash River IGCC plant in Indiana is rated at 262 MW and has been in operation since
October 1995. Tampa Electric Company’s Polk Power Station in Florida is rated at 250 MW and
started up in September 1996. The two European plants, NUON and Elcogas are rated at 253
MW and 300 MW, respectively. Based on available information, these |GCC plants have not
been able to demonstrate availability greater than 80 percent, including periods when they
operated on oil or natural gas as backup with no attempt to use coal. Reduced availability, when

compared to pulverized coal units, is a serious issue when a unit is required to meet base load
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