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In the steel industries in Japan, since the oil shock of 1973, various energy-saving measures (including 
optimization of the production process, byproduct gas recovery, waste heat recovery etc.) have been strongly 
promoted, almost all of the energy-saving technologies have been adopted in the steel industries in Japan. As 
one of such energy saving technology, BFG fired Gas Turbine Combined Cycle (BFG fired GTCC) Power 
Plant has been developed and promoted at an early stage. The main feature of BFG fired GTCC is to make it 
possible to use very low calorie blast furnace gas very effectively.
During the operation of blast furnace, 1,500 ~ 2,000 m3 of BFG per ton of pig iron will be discharged from 
blast furnace, calorific value of BFG is only less than one-tenth of the calorific value of Natural Gas. Therefore, 
BFG is difficult to be utilized due to its low calorific value. In many countries (excluding Japan), BFG has been 
either flared or utilized as fuel for the inefficient gas boilers. 
In this feasibility study, we examined the possibility of reductions of greenhouse gas (GHG) with application 
of BFG fired GTCC in major steel works in India and Turkey under the Bilateral Offset Carbone Scheme, also 
examined the specific methodology for Measurement, Reporting and Verification (MRV) suitable for the 
measurement of the amount of GHG reductions in the case of applying BFG fired GTCC technology.
The study of plant applied by-product GTCC facility is conducted for three sites.
• JSW Steel Ltd./ Vijayanagar Works in India
• Erdemir Group / Eregli Iron & Steel Works in Turkey
• Erdemir Group / Iskenderun Iron & Steel Works in Turkey
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2.1  M701S(DA) GUS TURBINE

The gas turbine combined cycle power plant is 
drawing attention as a high thermal efficiency 
power generation system, utilizing the increased 
amounts of by-product gas effectively.  
The design and development work are 
continuously progressing in Mitsubishi since 
1950, based on their extensive experience with 
the by-product gas firing technology in order to 
develop highly efficient, blast furnace gas firing 
combustors.
Based on the successful research & development 
and experience gained with existing units MHI 
delivered the first export unit of low heating 
value (4.4 MJ/m3N-dry (LHV)) BFG firing 
DA Class gas turbine (1,250 deg.C class). It was 
put into commercial operation in 2007. 

2.2  BY-PRODUCT GUS TURBINE COMBINED

CYCLE PLANT

The fuel gas is supplied to the gas turbine after 
being boosted by a gas compressor coupled on a 
shaft system of  gas turbine, generator, steam 
turbine and step-up gear as a single shaft. The 
plant is started up by the steam turbine using the 
auxiliary steam from an existing boiler. A multi-
cannular low NOx combustor with air bypass 
valve is provided so that low NOx operation 
could be carried out without having to inject 
steam nor water into the combustor.
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Outline of  plant system
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Typical Layout of  BFG Fired GTCC Plant M701SDA
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India / Vijayanagar Turkey/ Eregli Turkey/ Iskenderun

Temperature 30℃ 20℃ 32.1℃

Pressure 974.3hPa abs. 1013.25hPa abs. 1013.25hPa abs.

ST back pressure 7.33kPa abs. 5.60kPa abs. 5.33kPa abs.

Power Factor 0.85 0.85 0.85

Condencor Type Cooling tower Sea water cooling Sea water cooling

Plant output 143,000kW 152,700kW 145,300kW

Plant efficiency 44.2% 45.4% 45.0%

Ambient Condition and main technical specification
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ACM0012 “Consolidated Baseline Methodology for GHG Emission Reductions from Waste Energy
Recovery Projects” is an approved methodology applicable to a CDM project which utilizes waste energy (i.e.
waste energy, heat, and pressure). In the iron and steel industry, this methodology can be applied for the
utilization of coke-oven gas, blast furnace gas, basic oxygen furnace gas, and waste gas from DR plant etc.
Before the publication of ACM0012, there was a methodology called ACM0004 “Consolidated Methodology
for Waste Gas and/or Heat for Power Generation” which has been consolidated and replaced by ACM0012
in June 2007. Since then, it has become increasingly difficult to register a power generation project using waste
gas in iron and steel plants as a CDM project. In fact, of the 300 submissions under ACM0012, only 41
projects were registered, 12 were rejected and 3 were issued with CER, while 112 were registered,15 were
rejected and 72 were issued with CER of the 168 submissions under ACM0004.
ACM0012, a versatile methodology applicable to any projects utilizing waste energy, has been developed by
integrating several pre-existing methodologies in order to cover many different kinds of projects concerned.
Consequently, the procedure to set up baseline scenarios has become complicated. In addition, emission
reductions are now capped based on the emissions emitted over the last three years.

In light of the methodology’s background described above, it needs to consider the following three main
features when developing methodologies for the Bilateral Offset Credit Mechanism.:
The scope of application for the methodology should be limited only to a power generation project
utilizing waste gas from iron and steel plants so that the methodology can be kept simple. AM0095
“Waste Gas Based Combined Cycle Power Plant in a Greenfield Iron and Steel plant”, approved in
September 2011,can be a useful reference tool, because this
methodology is simpler than ACM0012, though it targets newly built iron and steel plants specifically.
(Note: the proposed projects are for existing plants);
By setting up default values etc, especially in the case that the project replaces a captive power plant,
calculation of reference emissions should be simplified;
The methodology should be able to accommodate production increases in the plant if that happens, and
consequently any increase in use of waste gas should be able to convert into additional credits.

Problem of  existing Methodology of  CDM
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The scope of application for the methodology should be limited only to a power generation project utilizing
waste gas from iron and steel plants so that the methodology can be kept simple. AM0095 “Waste Gas Based
Combined Cycle Power Plant in a Greenfield Iron and Steel plant”, approved in September 2011,can be a useful
reference tool, because this methodology is simpler than ACM0012, though it targets newly built iron and steel
plants specifically. (Note: the proposed projects are for existing plants)
By setting up “default values” etc, especially in the case that the project replaces a captive power plant, calculation
of reference emissions should be simplified;
The methodology should be able to accommodate production increases in the plant if that happens, and
consequently any increase in use of waste gas should be able to convert into additional credits.

Methodologies for the Bilateral Offset Credit Mechanism

PROBLEM OF EXISTING METHODOLOGY OF CDM
ACM0012 “Consolidated Baseline Methodology for GHG Emission Reductions from Waste Energy Recovery
Projects” is an approved methodology applicable to a CDM project which utilizes waste energy (i.e. waste energy,
heat, and pressure).

In the iron and steel works industry, ACM0012 can be applied for the utilization of coke-oven gas, blast
furnace gas, basic oxygen furnace gas, and waste gas from reduced iron kilns etc.
Out of 349 submissions under ACM0012, only 57 projects were registered, 13 were rejected and 8 were
issued with CER.

Before the publication of ACM0012, there was a methodology called ACM0004 “Consolidated Methodology
for Waste Gas and/or Heat for Power Generation” which has been consolidated and replaced by ACM0012 in
June 2007.

Out of 168 submissions under ACM0004, 112 were registered,15 were rejected and 72 were issued with
CER.

ACM0012, a versatile methodology applicable to any projects utilizing waste energy, has been developed by
integrating several pre-existing methodologies in order to cover many different kinds of projects concerned.
Consequently, the procedure to set up baseline scenarios has become complicated. In addition, emission
reductions are now capped based on the emissions emitted over the last three years.
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The methodology can be applied under the following conditions target facility is an existing iron and steel
plant, including a plant where production levels are expected to increase;
Waste gas is utilized for generation of electricity
There are no laws and regulations in the host country that require the project facility to recover and/or utilize
the waste gas

1)    Power supply system 
The Reference scenario for power supply system can vary depending on whether there will be any planned
production capacity expansion of the iron and steel plant or not.
If there is no such expansion, then it is safe to assume that the existing supply system can be maintained;
therefore electricity production which will be replaced would be assumed to be the one trimmed down by
installation of GTCC.
If there is an increase in the production capacity, the electricity supply system which can accommodate the extra
production would be determined by taking into consideration the operational status and price per unit of
electricity generated by the existing captive power plant.

2) Waste gas use.
Usage of the waste gas in the reference scenario is via combustion because the waste gas has thus far been flared
and used for fuel in the plant.

•

Reference scenarios

Regarding additionality, it is suggested that any project which installs GTCC power generation equipment with
more than x % efficiency rating, is applicable to the BOCM in the country. This is because GTCC equipment
is generally more efficient than a single cycle gas turbine and this technology is less common in developing
countries.

Applicability
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Emissions reduction can be estimated by calculation as follows: deduct the amount of emissions attributable to an 
auxiliary fuel for GTCC from amount of emissions, as calculated by multiplying the additional electricity in the 
reference scenario by the CO2 emission factor for electricity that is going to be replaced. This method is only 
applicable if the reference scenario is for a captive power plant run on waste gas.

Measurement（M）: It is important to reduce any additional workload for the project owner in the host country
in order to take part in Bilateral Offset Credit Mechanism, whilst ensuring the credibility of
estimated emissions reductions is maintained by using accurate data.
Regardless of the intention to participate in the BOCM, the data should be collected on a
regular basis as a part of business as usual activities, therefore this data should be allowed for
MRV purposes as much as possible. Otherwise, default values can be also used.

Reporting（R） : In order to reduce the cost of reporting, it is necessary to develop a formula to calculate
emissions reductions by simply inputting numbers which serves.

Verification (V) : It is also important to carry out capacity building in the host country for the
concerned, so that they can take responsibility for the verification stage in future.

MRV (measurement, reporting, verification)

Emissions Reduction Calculation 

REy    =   ΔEGPJ,y x EFgrid,y
RE y    =   Reference emission in the year of  “y” (tCO2/yr)
EFBL,y  =  CO2 emission factor for electricity replaced in 

the year of  “y”(tCO2/MWh)
ΔEGPJ,yv= Amount of  additional electricity generated

in theyear of  “y” (MWh/yr)

Project Site Efficiency
Reference 
Sciearios

Reduction of 
emission per year

India JSW 44.2％
To expand 
captive power 
plant

329,000t-CO2

Tuekry / Eregli 45.4％
To maintain 
existing power 
supply system

530,000t-CO2

Turkey/Iskenderun
(Case1）

45.0％

To expand captive 
power plant

389,000t-CO2

Turkey /Iskenderun
（Case2）

To buy more 
power from Grid

304,000t-CO2
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(1) India / JSW Vijayanagar (CASE１)
Precondition： Fuel Price：BFG:USD0.02/Nm3、DR Export-Gas:USD0.03/Nm3

Price of electricity ：USD0.08/kwh
Reduction of emission per year: 329,000t-CO2
Finance : To apply Buyer’ s Credit by JBIC

Economic Figure Without credit With credit

1. Project IRR（15years） 6.39％ 7.93%

2. Project IRR（20years） 8.12％ 9.40%

3. Payback Period of Project cost 9.31years 8.26years

Economic Figure Without credit With credit

1. Project IRR（15years） 11.11％ 12.50%
2. Project IRR（20years） 12.44％ 13.64%
3. Payback Period of Project cost 7.02years 6.40years

(2) India / JSW Vijayanagar (CASE2)
Precondition： Fuel Price：Free of charge

Price of electricity ：USD0.04/kwh
Reduction of emission per year: 329,000t-CO2
Finance : To apply Buyer’ s Credit by JBIC
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(3) Turkey / Eregli Iron & Steel
Precondition： Fuel Price：Free of charge

Price of electricity ：USD0.08/kwh
Reduction of emission per year: 530,000t-CO2
Finance : To apply Buyer’ s Credit by JBIC

Economic Figure Without credit With credit

1. Project IRR（15years） 26.88％ 28.97%
2. Project IRR（20years） 27.36％ 29.35%
3. Payback Period of Project cost 3.35years 3.08years

(4) Turkey / Iskenderun Iron & Steel
Precondition： Fuel Price：Free of charge

Price of electricity ：USD0.08/kwh
Reduction of emission per year: Case A 389,000t-CO2, Case B 304,000t-CO2                    
Finance : To apply Buyer’ s Credit by JBIC

Economic Figure Without credit
With credit

(Case A)
With credit 

(Case B)
1. Project IRR（15years） 25.55％ 27.11% 26.77％
2. Project IRR（20years） 26.08％ 27.56% 27.24％
3. Payback Period of Project cost 3.54years 3.31years 3.36years
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