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INTRODUCTION
The objective of this work is to assess the techno-economic viability of on-site cogeneration at a manufacturing facility in Ireland.
In the first part of the research, it has been demonstrated that on-site renewable electricity generation (PV and wind) is not economically viable in isolation. As a second step, the
integration of a gas turbine coupled with a Heat Recovery Steam Generator (HRSG) for cogeneration of thermal and electric energy has been studied and the benefits in terms of
electricity and steam produced and CO2 saved are discussed.

METHODOLOGY

The energy vectors used in the facility have been identified: electricity, natural gas and water. The current energy load consists mainly of electricity bought from the grid and natural
gas burned in a boiler for producing the steam needed in the production process. An integrated RES system of solar PV and wind has been designed to produce renewable
electricity on-site, reducing the overall net demand. A cogeneration system consisting of a gas turbine and a HRSG has been modeled: it produces electricity (in parallel with the
integrated RES system) and thermal energy (for steam generation), maximizing the usage of the natural gas energy content. The performances of the integrated system have been
analyzed for two sizes of the gas turbine: 800kWel and 1,600kWel. The main features of the PV + wind system are shown in the Tables below.
Solar System Parameters

Wind System Parameters

Peak Power

2020 kW

Peak Power

2X900 kW

Efficiency of PV panels

0.19

System losses

0.14

Cut-in speed

3 m/s

Cut-out speed

34 m/s

Rated output speed

15 m/s
0.016
2,768,675 €

Efficiency of the inverter

0.96

AC/DC ratio

RESULTS

0.91

Performance degradation
per year

0.003

Performance degradation
per year

Capital Cost

3,721,052 €

Capital Cost

Electricity load [kW]

Electricity Driven Control Logic

1,600 kWel Gas Turbine

Steam Driven Control Logic

Electricity produced by the gas turbine [kW]

Steam load [kg/h]

Steam Driven

Electricity
Driven

Electricity
overproduced

10.5x105 kWh

2.4x105 kWh

Electricity
from grid

49x105 kWh

41x105 kWh

8x106 kg
1.6x106 kg

8.1x106 kg
1.3x106 kg

Steam Driven

Electricity
Driven

Electricity
overproduced

2.4x105 kWh

2.4x105 kWh

Electricity
from grid

105x105 kWh

105x105 kWh

6.94x106 kg
2.18x106 kg

6.94x106 kg
2.18x106 kg

CO2 saved
1st year
25th year

800 kWel Gas Turbine

Electricity produced by the integrated
PV+wind system [kW]

Comparison

CO2 saved
1st year
25th year

Comparison

1,600 kWel Gas Turbine

Steam Driven Control Logic

800 kWel Gas Turbine

800 kWel

1,600 kWel

Steam
overproduced

0 kg

3.62x104 kWh

Steam from
secondary
boiler

16.6x106 kg

1x106 kWh

6.94x106 kg
2.18x106 kg

8x106 kg
1.6x106 kg

CO2 saved
1st year
25th year

Steam produced by the secondary boiler [kg/h]

Steam produced by the gas turbine + HRSG in cogeneration [kg/h]

In the context of a progressively decarbonized grid, the possibility to use heat pumps for on-site steam generation has been
considered. While it is not feasible to use the heat pumps alone for steam generation due to high flow rates and high pressure,
significant savings are possible in terms of natural gas expenditure and CO2 emissions by using the heat pump for pre-heating
the feed in water that enters the HRSG. However, it must be remembered that the technical opportunity exists in the context of
a decarbonized grid. Therefore, the priority should remain the decarbonizing policies for energy generation.

CONCLUSIONS
The results show that the 800kW gas turbine could run always at its optimum load giving the same performance in both the control logic (steam
and electricity driven). By choosing a bigger size (1,600kW), there is a higher steam overproduction and the CO2 savings decrease more rapidly with
the decarbonisation of the grid. To conclude, while there is a technical and economical (NPV < 7 years) opportunity for the integration of a gas
turbine + HRSG and a renewable system for on-site cogeneration in manufacturing facilities, this opportunity is highly dependent on the carbon
intensity of the grid. If the projected decarbonisation trend of the electricity grid is taken into account, the CO2 saved by generating electric and
thermal energy from natural gas results to drastically decrease in the near future, making cogeneration a less sustainable way to produce
electricity.
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