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Exhaust gas Recirculation appears as a method of

increasing the CO2 concentration in the flue gas at

the inlet of the capture unit, without compromising

the O2 concentration in the combustor. Increasing

the CO2 concentration in the exhaust flue gas will

improve the efficiency of the capture process.

Introduction

The process modeling of the combined cycle power

plant is carried out using gCCS Developer 1.0.1. The

software is a comprehensive library containing unit

operations found in CCS chains.

Process Modeling

• Process modelling of a Baseline MGT and EGR.

• Process modeling of a post combustion capture

unit using MEA solvent.

• Investigate the effect of the increased CO2

concentration in the flue gas on the reboiler duty

in the capture unit.

• Investigating other techniques of increasing the

CO2 concentration in the flue gas at the inlet of

the capture unit such as Supplementary Firing

Cycle (SFC).

• Examination of the challenges involved with

retrofitting existing CCGT’s with EGR.

Current and Future Work

Parameter Unit Value

Ambient Temperature 0C 15

Ambient Pressure bar 1.013

Relative Humidity % 60

Electrical Power output kW 100

Turbine Outlet temperature 0C 650

Turbine Outlet Pressure bar 1.06

CCS (Carbon Capture and Storage) is a key

technology for reducing the carbon emissions in the

atmosphere from power plants and hence tackling

impact of the greenhouse gas.

Post combustion capture using MEA

(monoethanolamine) solvent is the most promising

and mature technology to reduce CO2 emissions

from power plants.

The main focus of my project is increasing the

performance of combined cycle gas turbines (CCGT)

while increasing the CO2 concentration in the

exhaust gas to improve the capture process.

The viability of carbon capture and storage depends

on the design of a capture process for a commercial

scale CCGT power plant. Currently, CO2 capture

projects involve smaller scale pilot scale plants.

Exhaust Gas Recirculation

Figure 1. Configuration of the Baseline MGT Model.

Table 1. Parameters for the Baseline MGT model.

Experiment

Experimental analysis will be carried out on a

Turbec T100 micro gas turbine located at PACT

facilities, Sheffield, UK.

The turbine consumes 330kW of natural gas and

generates around 100KW of electrical efficiency at

33%. In combination with a heat exchanger, it can

generate an additional 150KW of thermal power to

bring the overall efficiency to 77%.

The components of the Turbec T100 are shown in

Figure 3.

Figure 2. Configuration of the EGR model.

Figure 3. Main components of the  Turbec T100 series 3.
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Current and Future Work

Process Modelling

Experiment

Across Europe, the increased demand in natural gas is leading to a growing requirement for the import of natural gas from other

countries which have varying compositions in natural gas compositions and hence in gas quality.

Aim: The aim of this project is to investigate the effect of fuel flexibility on the performance of a gas-fired power plant while reducing the

green house gas emissions from the power plant using CO2 capture technologies.

1) Investigate effect of fuel flexibility in gas-fired power plants.

2) Flowsheet modelling of the CO2 capture plant which uses MEA and is readily available at the PACT

core facility.

3) Investigate the economic viability of the different natural gas compositions and establish the

compositions with maximum economic viability.

Natural Gas Composition

Figure 2. Configuration of the Baseline MGT Model.

Figure 1. Main components of the  Turbec T100 series 3.

Some of the most important countries that supply natural gas to

the United Kingdom are considered. These are Russia, the

Netherlands, North African countries such as Libya and LNG from

Norway and Nigeria [1, 2].

The experimental campaign will be conducted using a Turbec

T100 series 3 Micro gas turbine available in the PACT Core

Facility in Sheffield, United Kingdom.

A flowsheet model of a micro gas turbine with its

characteristic map is used in the process modelling. The chic

maps are used to improved the accuracy of the process model.

Compositions Russia Netherlands Libya Norway Nigeria 

Methane, % 97.64 87.81 81.39 91.80 91.30

Ethane, % 0.99 7.63 12.44 5.70 4.60

Propane, % 0.32 1.32 3.51 1.30 2.60

Butane, % 0.10 0.24 0.64 0.40 1.40

Nitrogen, % 0.84 9.96 2.02 0.80 0.10

Carbon
dioxide,  %

0.09 2.00 0.00 0.00 0.00

LHV,
MJ/kg

49.10 40.80 47.70 48.90 49.30

Table 1. Different natural gas compositions for different countries [1, 2].

References
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