
 

 

  
Abstract—The paper presents an analysis of a series of different 
strategies for the decrease of the CO2 emissions produced by a 
conventional coal power plant. All the strategies were compared in 
terms of CO2 emissions and the avoided CO2 cost. 

Very good results were obtained for steam turbine power plants 
operating in parallel with renewable energy sources. Cogeneration 
and trigeneration increase the energy quota of the renewable energy 
sources decreasing the cost of avoided CO2.  

Another interesting solution analysed here was the post-
combustion carbon capture and storage (CCS). CCS has the 
advantage of a low cost for the avoided CO2 cost combined with 
almost null CO2 emissions. CCS also ensures a stable operation 
platform that would not affect the stability of the electrical grid. 
Lower CO2 emissions are possible when rapid-cycle gas turbine 
plants are compensating renewable energy sources, but with a higher 
cost for the avoided CO2. 

. 
 

Keywords—Parallel operation with RES, carbon capture and 
storage.  

I. INTRODUCTION 
The recent years have brought large support policies for 

renewable energy sources (RES) that caused a rapid increase 
of the installed power of these plants. The support policy 
implemented in Romania, includes large subsidies that are 
altering the market self regulatory effect, influencing the 
competitiveness of the conventional power plants. Another 
important aspect of the Romanian support policy consists in 
the priority for renewable energy sources to the electrical grid. 
These particular conditions tend to gradually eliminate the 
conventional power plants as new plants based on renewable 
energies are constructed. 

On the other hand the high costs determined the producers 
to avoid the investment in energy storage systems for the 
compensation of the renewable energy sources. The operation 
of the energy system is possible due to the hydro power plants 
that ensure around 30 % of the total electrical energy demand 

However the situation will change, with an important 
decrease of the subsidies in the near future. The operation 
under these new conditions will implicate new relations 
between the main actors of the energy market.  

A possible evolution of the actual situation might necessitate 
a parallel operation of conventional and steam and gas turbines 
power plants and renewable energy sources.  
 

 

In order to highlight the integration of the renewable energy 
sources all the calculation were made in relation with the quota 
of the electricity produced by these sources: 
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rE  - The electrical energy provided by RES; 

sE - The electrical energy generated by the conventional 
power plant; 

  
The avoided CO2 cost allows an evaluation of the 

economical implications for the analysed scenarios: 
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C∆ - The total cost for CO2 emissions reduction; 

2TCO  - The CO2 emissions. 

 
 

II. THE PARALLEL OPERATION OF STEAM TURBINES POWER PLANTS USING 
COAL AS FUEL AND RES  

 
The parallel operation of coal power plants and RES is 

relatively difficult due to the slow response of the conventional 
plants. However this type of operation could be facilitated by 
the use of hydro power plants or energy storage systems that 
act as a buffer for the compensation of slow ramp rates of the 
coal plants (usually 4..5 MW/min).  

If a photovoltaic power plant operates in parallel with a 
conventional plant, the energy storage system is mandatory, 
but even in this case the presence of the back-up conventional 
plant lowers the storage capacity, thus lowering the overall 
cost. 

In order to compensate the fluctuating power of the RES, 
the conventional power plants must operate for long periods of 
time at partial loads. 

Figure 1 presents the operation of a 315 MW group using 
coal as fuel in parallel with a wind farm.  
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Fig. 1 The operation of the analysed system today  
 
This operation mode is also damaging for the steam turbine 

power plant decreasing its life span and increasing the cost of 
the energy generated by the steam turbine power plant due to 
the partial load operation.  

The graph (fig. 1) shows that the maximum power quota of 
the wind turbines (fr=0.42) is conditioned by the minimum 
operational power of the conventional power plant’s group 
(180 MW). The quota of the wind turbines power will 
decrease with overall system power demand.  

The graph also shows that the integration of the RES 
decreases the entire system CO2 emissions. In this case, even if 
the partial load operation of the conventional plant decreases 
its efficiency (and therefore increases the plant CO2 
emissions), the overall emissions for the entire system (steam 
turbine power plant – RES) are decreasing.  

In this case the avoided CO2 cost has two important 
components: 

One caused by an increase of the fuel cost quota in the 
overall electrical energy cost of the conventional plant caused 
by an important decrease of the efficiency at partial load 
operation; 

The second component strictly related to the cost of the 
electrical energy produced by the RES. 

For the period 2008 – 2013 Romania had a strong RES 
support policy that lead an important increase of the installed 
power of wind farms (today 22 % of the electrical energy peak 
demand).  

Gradually the subsidies have decreased so the cost of 
electrical energy generated by wind farms became lower 
90..95 €/MWh.  

Because the investment costs for new power plants are 
decreasing, the calculations were performed for the EU 
estimated evolution of the production costs [3], that is 55..90  
€/MWh for on-shore wind farms and 270 ..460 €/MWh for 
photovoltaic power plants.     

 

 
Fig. 2 Steam turbine power plant operating in parallel with 

RES 
 
In the past, the analysed power plant provided heat to a 

series of greenhouses situated in its vicinity. Due to the past 
operation as a combined heat and power plant there are 5 peak 
boilers still operational. 

In order to operate again as a CHP plant, a supplementary 
investment is necessary in order to construct a heat network 
that connects the plant with the district heating system of one 
neighbourhood of our city. The total investment cost for the 
construction of the new heat network and the rehabilitation of 
the thermal substations that are operating now in the district 
heating system of the neighbourhood was estimated at 16 000 
000 €. 

The use of steam extraction turbines in combined heat and 
power groups would allow a further increase of the electrical 
energy quota produced by renewable energy sources. The link 
between the generated power and the heat output for the steam 
extraction turbines, might be used to increase the flexibility of 
the power supply of the conventional power plants. The 
condition is the use of oversized peak boilers that might 
provide the entire heat demand of the consumers (not only the 
peak load).  

The use of oversized peak boilers is somehow common 
practice for many combined heat and plants, because in this 
way the plants might provide heat to the consumers when a 
malfunction occurs.  

By increasing the quota of the heat produced by the peak 
boilers or by using exclusively its peak boilers, the plant 
increases its power by shifting from cogeneration to separate 
production of electricity and heat.  

The superior efficiency of cogeneration combined with the 
increased quota of the wind farm leads to an important 
decrease of the CO2 emissions (fig. 3).   
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Fig. 3 CHP plant operating in parallel with a wind farm 
 
The use of CHP plants in parallel with RES extends the 

power reserve of the system (CHP plant – wind farm). Due to 
cogeneration the lowest limit for the conventional plant power 
decreases from 180 MW to 132 MW. This allows an increase 
for the electrical energy quota of the RES to 0.57 (from 0.429 
for the previous case).  

Trigeneration is particularly important when operating in 
parallel with wind farms because during the summer the wind 
farms have a smaller output that coincides with a smaller 
output of the hydro plants caused by draught [5].  

These positive effects lead to smaller values for the avoided 
CO2 cost. 
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Fig. 4 Avoided CO2 cost for the CHP plant operating in 

parallel with RES 

III. THE USE OF GAS TURBINE POWER PLANTS IN PARALLEL WITH RES 

In order to operate in parallel with renewable energy 
sources the conventional plants have to increase their 
operational flexibility. 

The steam turbine power plants have two major 
disadvantages when operating in parallel with renewable 

energy sources: 
A modest ramp rate: 4-8 MW/min; 
A slow start-up. 
Due to these drawbacks, it could be advantageous to use fast 

start gas turbine power plants if the quota of the electrical 
energy generated by renewable energy sources increases to 
much. 

Even if the performances of the old gas turbine weren’t that 
convincing (ramps around 10 MW/min), all major producers 
have proposed new and upgraded versions that allow fast start-
up times (10-15 min) and high ramp rates (13-15 MW/min) 
[1,2]. 

Next figure presents a scenario where the two steam turbine 
groups are being replaced by 3 rapid cycle gas turbine groups. 
In this scenario the gas turbines have a continuous operation. 
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Fig. 5 Continuous operation of the gas turbine power plant 
in parallel with RES  

 
Two observations emerge from the figure 5: 
- A decrease of the CO2 emissions caused by the use of 

natural gas as fuel;  
-  A higher quota the electrical energy generated by the 

renewable energy sources. 
However the values for the avoided CO2 cost are higher 

than in the previous case. .  
 

 
Fig. 5 Avoided CO2 cost for a gas turbine power plant 

operating in parallel with RES 
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Cogeneration would lower the emissions and the cost for the 

avoided CO2, but the presence of the HRSG would decrease 
the ramp rate of the plant. 

The fast start-up of the gas turbines allows a further increase 
of the renewable energy sources power quota, because it can 
be stopped for long periods of time, allowing RES to provide 
the entire energy demanded by the consumers.  

Figure 6 presents the CO2 emissions for the “intermittent” 
operation of the gas turbine power plant. 
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Fig. 6 Intermittent operation of the gas turbine power plant  
 
The CO2 emissions are in this case as low as 0.1..0.2 

tCO2/MWh. The problem resides in the steep increase of the 
energy price caused by the gas turbine power plant small 
number of operation hours. This price increase is caused by 
the raise of annuities and personnel costs for each year of the 
pay-back period with the reduction of the operating hours. 

  

 
Fig. 7 The avoided CO2 cost and the annual operation hours 

of the gas turbine power plant in parallel with a wind farm 
 
The calculations from fig. 6 were performed considering the 

group operating in parallel with a wind farm that produces 
electrical energy at 90 €/MWh. 
 

IV.  CARBON CAPTURE AND STORAGE (CCS) 

 
Even if there are several CCS methods available, post-

combustion carbon capture was preferred for the study since 
the coal power plant is in close vicinity to a depleted oil field. 
Furthermore the analysis was focused on Alstom´s Chilled 
Ammonia Technology since this method is already used for 
another project about to be implemented in Romania [7]. 

For the anlaysis, the CO2 capture and storage has two 
significant effects over the economical indicators of the power 
plant: 

- important investment costs; 
- an important decrease of available power of the plant 

caused by the operation of the CCS system. 
 
Figure shows the CO2 emissions for various CCS 

efficiencies and the reduction of the power plant’s efficiency 
caused by the energy consumption for carbon capture and 
storage. 
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Fig. 8 Power plant emissions with CCS  
 
The electrical energy price increases with the energy 

consumption for the CO2 transport and the investment cost for 
the CCS implementation.   

For the analysis of the avoided CO2 cost (fig. 9) there were 
considered two scenarios: 

- One based on rigorous calculation of the costs and their 
comparison with similar projects [7,8]; 

- A second estimation with higher CO2 transport costs for an 
increased reliability of the system; 

 
The results are comparable, in terms of CO2 emissions with 

the intermittent operation of gas turbine plants in parallel with 
RES, but with a very low avoided CO2 cost. Also the solution 
leads to a perfectly stable platform that might operate 
independently, without energy storage systems. 
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Fig. 9 Avoided CO2 cost for an 85 % CCS efficiency 
 
 

V. CONCLUSION 
The paper highlights the importance of estimating a quota 

for the electrical energy generated by renewable energy 
sources in the energy mix, so that the conventional plants 
might have a continuous operation even at partial loads. In this 
way it is possible to maintain the avoided CO2 cost at 
reasonable values. 

The use of coal power plants in parallel with RES has the 
advantage of a low avoided CO2 cost,  

Cogeneration and even more trigeneration increase the 
fraction of the total power that might be generated by RES for 
a certain consumers demand. 

The avoided CO2 cost is slightly higher for gas turbines 
power plants operating in parallel with RES, if the 
conventional power plants have a continuous operation. 
However if the gas turbine power plant is operating for small 
periods of time the avoided CO2 cost increases rapidly.   

The fast start-up, rapid cycle gas turbines power plants 
might represent a safe option if RES have guaranteed grid 
priority through the support policy. In this case when the 
minimum technological operation limit is surpassed the coal 
power plants have to be closed down while the fast start-up gas 
turbine power plants might be used as back-up power plants 
for the energy system. 

CCS definitely represents an interesting cost-effective 
alternative for lowering the CO2 emissions of a conventional 
power plant.  Compared with the other solutions analysed here, 
CCS has also the advantage of a stable power supply that 
might reach the demand regardless the environmental 
conditions. 

The developments brought by these last years showed that 
there are solutions for a significant reduction of the CO2 
emissions. What is important right now is to select the 
solutions that ensure a sustainable cost for the avoided CO2. 
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