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Abstract 

Post-combustion Carbon Capture and Sequestration (CCS) promises to substantially reduce CO2 

emissions from conventional coal-fired power plants. The key barrier to commercialization is its 

high operational cost due to a significant energy penalty. Dispatchable CCS has the potential to 

reduce the revenue loss by taking advantage of the volatility of energy prices. In addition, 

dispatchable CCS can serve as a cost effective way to integrate intermittent electricity generation 

from renewable sources. This project investigates the economic feasibility of retrofitting 

Powerton Power Plant in Illinois with dispatchable CCS (both in two-mode and three-mode 

arrangements) and integrating it with one local wind farm.  

A simulation model is used to estimate the incremental costs and incremental revenues 

associated with a dispatchable CCS system and wind integration in comparison to conventional 

continuously-operated CCS system. According to the simulation results, flexible operation of 

CCS integrated with wind power effectively mitigates the profit loss due to the CCS energy 

penalty. A two-mode arrangement dispatchable CCS integrated with this wind farm generates 

approximately 2.5 billion dollars in a period 30 years while the total profit from a three-mode 

arrangement system varies from 1 to 2.4 billion dollars. Comparing incremental costs and 

revenues, it can be concluded that the two-mode arrangement is more suitable for Powerton 

power plant because it generates positive profit even without the wind farm. More research needs 

to be conducted before we extend this conclusion to other utilities, however, flexible operation of 

CCS and synergy with wind power promise to lower the carbon price needed to make CCS 

economic. 
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1 Introduction 
 

Despite the development in generating electricity from renewable energy, fossil fuels will 

still be the major energy source for a long time. Growing concerns about the large amount of 

carbon dioxide (CO2) aggravating global warming has spurred interest in post-combustion 

Carbon Capture and Sequestration (CCS) as one of the technologies promising to 

substantially reduce CO2 emissions.  

 

Post combustion CCS employs a chemical solvent to absorb CO2 from the flue gas and 

compresses it to a high pressure for transportation to a secure sequestration site. 

 

Amongst all the kinds of solvent suitable to absorb CO2, amines are considered the most 

applicable to large-scale use in power plants emitting tons of CO2 because of its relatively 

low cost (1). There are three CCS components inside the power plant before CO2 is 

transported.  First, aqueous mono-ethanol amine (MEA) absorbs CO2 from the flue gas. 

Second, a stripping process heating the solution up to 100-120 ℃  by employing the thermal 

energy from the steam cycle releases absorbed CO2 and regenerates the amine solution (2). 

Last, the released CO2 is compressed to 100-150 bar for transporting to an appropriate 

sequestration site (2). 
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Figure 1 diagram of a conventional amine-based CCS system (3) 

 

One of the barriers to adopt this technology is the high operation and maintenance cost 

(O&M cost) due to the energy penalty of the CCS process. It is estimated that the whole CCS 

system consumes approximately 11-40% of the energy output when operating continuously 

at 90% CO2 removal rate (3). Notably, a primary portion of the energy penalty is resulted 

from the steam required to regenerate amine solution by heating CO2-rich solvent and 

subsequently transport and store CO2 (4). 

 

Reducing the revenue lost due to the energy penalty is critical to the commercialization of 

CCS technology. Recent research investigates the feasibility of flexible operation of CCS in 

response to energy prices (3) (5) (6) (7) (8) and synergy between renewable energy and CCS 

(9).  

 

Flexible operations of CCS might allow the operators to take advantage of the volatility of 

electricity prices and reduce the overall O&M cost of CCS system. Flexible operation of 

CCS means that during peak demand hours when the electricity price is high, regeneration 

and compression are shut down, but no CO2 is emitted because the absorption operates 
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continuously and the rich amine solution (rich in CO2) is stored in a tank. During the hours 

with lower electricity prices, regeneration and compression is accelerated to compensate for 

the shut-down hours. Although the amount of energy that CCS consumes is the same, it 

allows more energy to be sold at a higher price to raise revenue. However, there is 

incremental cost because of the need for extra amine, amine storage tank and the over sizing 

of different components of the power plant (5). 

 

Another option to reduce the CCS O&M cost is to integrate renewable energy, such as wind 

power, to compensate the electricity used for amine regeneration and transportation (7) When 

the wind isn’t blowing, the CCS system turns on the storage mode, capturing CO2 but storing 

the CO2-amine solution in the tank. When the wind is blowing, the CCS system switches to 

the accelerated-regeneration-and-compression mode. In this way, a mean for storing wind 

energy is provided.  Apart from the raised revenue from electricity price differentiate; there 

are chances that extra amount of wind energy is available to be sold. In terms of the cost, 

there is another incremental cost from the capital cost of the wind farm and the transmission 

cost. 

 

The goal of this project is to investigate the economic performance of a system that integrates 

a local wind source into a coal-fired power plant with amine-based dispatchable CCS. The 

analysis takes as a basis the framework presented in Patiño-Echeverri & Hoppock (5) and 

conducts a case study of a pulverized-coal power plant. Under a baseline technology design, 

which is, the power plant is assumed to be retrofitted with a conventional amine-based CCS 

system, which operates continuously at full load. The alternative technology design assumes 



Economic Analysis of Dispatchable CCS Integrated with Wind Power                    Siying Zhang 
 

4 
 

flexible CCS and integration to a local wind site. Dynamic simulation of fluctuating 

electricity prices and wind speeds for a period of 30 years allows the calculation of the 

incremental revenue and incremental costs resulted from the alternative technology.  

2 Methods 
 

The power plant Powerton in Illinois is selected to conduct the research based on its own 

characteristics and its accessibility to local wind sources and sequestration sites. In 

comparison to the baseline technology design, which is a conventional continuously-operated 

CCS system, this project calculates the incremental capital costs for dispatchable CCS 

system and from wind integration, incremental revenues benefitted from electricity price 

differences, federal subsidy for wind development projects , and incremental revenue from 

wind power sales. Figure 1 shows the simulation model used to estimate the five components 

of incremental costs and 3 components of incremental revenues.  In the simulation, the 

operation of the power plant, the electricity market, and the wind farm are assumed to be the 

same as a historical data of the year of 2005, 2007 and 2005 respectively according to the 

data’s availability and credibility.    



Economic Analysis of Dispatchable CCS Integrated with Wind Power                    Siying Zhang 
 

5 
 

 

Figure 2 Simulation Model 
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2.1 Power Plant Characterization 

 

The power plant Powerton is located in the middle of Illinois which has a deregulated 

electricity market and houses abundance of wind sources and suitable CO2 sequestration 

sites. It has been chosen because 1) it is likely to be retrofitted for future operation because it 

is an middle-aged plant (28 years) and relatively efficient according to EPA’s EGRID 

(Emissions & Generation Resource Integrated Database) for the year of 2005 (10);  2) it 

needs CCS once a carbon price is placed considering the large amount emission of CO2 (10); 

3) the existing FGD (Flue-gas desulfurization) in Powerton (10) helps to lower the capital 

cost of installation of CCS; 4) it is located less than 50 km distant from a wind farm with 

commercialization potential (11); 5) it is less than 100 km away from the sequestration sites 

in the Illinois Basin (12); 6) it is subject to the PJM interconnection, which is the largest 

competitive wholesale electricity market (13).  

 

Figure 2, below, shows the geographical location of Powerton and the distribution of 

potential wind farms within a 100km distance from it. With a comprehensive analysis of 

factors including distance and generation capacity, the wind site numbered 4431 is selected 

as the appropriate supportive energy source for Powerton. The selection process of the power 

plant and the wind site is displayed in detail in the appendix. Table 1 shows the basic 

information of Powerton.  
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Figure 3 Powerton and potential wind farms within 100km distance 

Plant name Powerton 

Power control area name PJM Interconnection 

Operator name Edison Mission Energy 

PJM hub name Chicago hub 

Number of boilers 4 

Plant age 28 

Plant capacity factor 0.61 

Plant nameplate capacity (MW)   1,785.6 

Fuel type Sub-bituminous coal 

SO2 control program yes 

NOx control program yes 

Plant annual CO2 emissions (tons) 10,424,802 

Plant annual CO2 output emission rate (lb/mwh) 2,202 

Plant nominal heat rate (Btu/kWh) 10,730 

Distance to the selected wind site (km) 47.3 

Distance to the CO2 sequestration site (km) 95.1 
Table 1 Powerton Power Plant basic information, 2005 (10) (11) (13) (12) 

 

2.2 Costs of Conventional CCS System 
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IECM (Integrated Environmental Control Model) model, which is developed for the National 

Energy Technology Laboratory (NETL) by Carnegie Mellon University (14) is employed in 

this study to estimate the cost of retrofitting Powerton power plant with the conventional 

CCS system. Table 2 shows the total expense of installing a conventional amine-based CCS 

system and each component’s accountability.  

CCS Component Cost, M$ 

SO2 Polisher/Direct Contact Cooler 72.6 

Flue Gas Blower 14.5 

CO2 Absorber Vessel 205.2 

Heat Exchangers 14.4 

Circulation Pumps 29.8 

Sorbent Regenerator 109.1 

Reboiler 61.1 

Steam Extractor 6.6 

Sorbent Reclaimer 18.8 

Sorbent Processing 15.6 

Drying and Compression Unit 138.1 

Auxiliary Natural Gas Boiler 0 

Auxiliary Steam Turbine 0 

Process Facilities Capital 685.8 

General Facilities Capital 68.6 

Eng. & Home Office Fees 48.0 

Project Contingency Cost 102.9 

Process Contingency Cost 34.3 

Interest Charges (AFUDC) 68.2 

Royalty Fees 3.4 

Preproduction (Startup) Cost 34.5 

Inventory (Working) Capital 4.7 

Total Capital Requirement (TCR) 1050 

Table 2 Capital Cost of conventional CCS system, in dollars of 2006 (14) 

 

2.3 Costs of Two Types of Dispatchable CCS System 
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In a dispatchable CCS, absorption tank runs continuously regardless of the electricity prices 

while regeneration and compression components are shut down and storage mode is turned 

on during hours of high electricity price (Hs representing hours of amine storage).  

 

There are two types of modes to resume regeneration and compression (5). The first one is 

called two operational mode (two-mode). In this arrangement, the stored amine is 

regenerated and compressed constantly at a slightly accelerated rate of 24/ (24-Hs) during the 

remaining hours (24-Hs) along with the regular flow of rich amine. Therefore, the other 

components including stripper tank and compressor need to be scaled up by a factor of 24/ 

(24-Hs) (5). The other mode is called three operational mode (three-mode). Rich amine 

sorbent is still stored during hours of high electricity hours while the regeneration and 

compression is expected to be finished during several selected hours with lowest electricity 

prices (Hr represents selected duration for regeneration and compression). In the remaining 

hours of moderate electricity prices, CCS runs in full load in its regular fashion. The 

accelerated regeneration and compression rate is (Hs+Hr)/Hr. Therefore, The scaling factor 

for this design should be (Hs+Hr)/Hr (5). Figure 3 shows the diagram of a dispatchable CCS. 
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Figure 4 dispatchable CCS system diagram (15) 

 

2.3.1 Incremental costs from additional amine  

 

The amine cost is determined by the amine's volume and amine's price. The volume of 

additional amine for the storage system depends on Hs, MEA concentration, power plant net 

capacity, and CO2 emissions rate. For a NETL existing subcritical coal plant like Powerton, 

the sorbent (30% by weight MEA + water) circulation rate is 17.75 m
3
/hr/MW (net capacity) 

(5).  

 

The cost of water is assumed to be negligible in this analysis. The price of the sorbent is 

estimated to be $629.26/m
3
 for a NETL existing subcritical coal (5).  

 

Therefore, the incremental cost of amine (C1) can be calculated by the following formula 

C1 ($) = 629.26 ($/m
3
) *17.75 (m

3
/hr/MW) *Hs (hr) *Net capacity (MW)   
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The volume of amine storage tank (Vs) is assumed to equal to the volume of additional 

amine. 

Vs (m
3
) =17.75 (m

3
/hr/MW) *Hs (hr) *Net capacity (MW)   

 

According to Mohammad. R. M. Abu-Zahra’s study (15), the optimal storage time is 2-4 

hours. Thus, Hs is set to be 1, 2, 3 and 4 hours in the analysis. 

 

2.3.2 Incremental costs from amine storage tank 

 

Two types of materials can be used to build a tank, carbon steel tanks and stainless steel 

tanks (5). In this analysis we consider stainless steel tanks.  

 

The estimation of tank cost (C2) is given in the following formula (5)  

C2 ($) = 187.5 ($/m
3
) *Vs (m

3
) +1000000 ($)  

= 3281.25 ($/hr/MW) *Hs (hr)*Net Capacity (MW) +1000000 ($)       

 

2.3.3 Incremental costs from accelerated regeneration and compression 

 

The third part of the increased cost of the flexible system consists of the costs from the 

scaling-up of other components of the CCS system necessary for the accelerated regeneration 

and compression. This part of incremental cost (C3) differs between the two types of 

arrangement in terms of different scaling factors. 

In a two-mode arrangement, the scaling factor is 24/(24-Hs) while it is (Hs+Hr)/Hr in a three-

mode arrangement. Hr is also set to be four possible values (1, 2, 3 and 4 hours). Therefore, 
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there are four designs for two-mode and 16 designs for three-mode. Table 3 lists the scaling 

factor for all the designs to be discussed in the study. 

 Hs scaling factor 

two-mode 1 1.04 

2 1.09 

3 1.14 

4 1.20 

three-mode Hs Hr  

1 1 2.00 

1 2 1.50 

1 3 1.33 

1 4 1.25 

2 1 3.00 

2 2 2.00 

2 3 1.67 

2 4 1.50 

3 1 4.00 

3 2 2.50 

3 3 2.00 

3 4 1.75 

4 1 5.00 

4 2 3.00 

4 3 2.33 

4 4 2.00 
Table 3 scaling factors for all the analyzed designs 

 

With the parameters of Powerton from EGRID database (10) and the calculated scaling 

factor, IECM (14) is deployed to estimate the incremental capital cost to scale up the other 

components mainly the stripper, boiler, and compressor for amine regeneration and 

compression. 

 

2.4 Incremental Cost from Integration of Wind Power 

 

2.4.1 Wind farm characterization 
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Based on the analysis of the geological distribution and power potential derived from EWITS 

(11) data, site #4431 is selected as the potential wind farm to be integrated with Powerton. 

Table 4 shows information of the selected wind site 

EWITS Site # 4431 

Region M-MWS 

State Illinois 

Elevation, m 237 

Installed Capacity, MW 1,146.4 

Capacity Factor 0.321 

Annual Output, mwh 3,423,065 

WindSpeed (80m), m/s 7.1 

WindSpeed (100m), m/s 7.5 

Lowest IEC class 3 

Distance To Powerton, km 47.3 

Table 4 basic information of Wind Site #4431 (11) 

2.4.2 Capital cost 

 

According to Hoppock and Patino-Echeverri (16), the wind farm unit capital costs (WUC) is 

$1,913 per KW of installed capacity. Because this wind farm uses IEC-3 turbines (11), a low 

quality cost multiplier of 1.14 (16) is assumed to calculate the capital cost. Thus, the capital 

cost of developing wind site #4431 (C4) is 

C4 ($) = Installed Capacity (kw) * WUC ($/kw) * 1.14      

 

2.4.3 Transmission cost 

 

We assume there are no existing transmission lines with available transmission capacity to 

transmit the wind energy to the Powerton. We also assume the length of the required 

transmission line equals to the geological linear distance from #4431 to Powerton. Finally we 
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assume a 345 KV voltage transmission line will be installed. The unit cost per mile in Illinois 

is about $2 million (16). Thus, the total cost of new transmission lines (C5) is 

C5 ($) = 2,000,000 ($/mile) *distance (mile) 

2.5 Revenues from Two Types of Dispatchable CCS Systems 

 

2.5.1 CCS energy penalty allocation 

 

In order to know the avoided energy consumption during Hs hours, it is necessary to estimate 

the energy consumption of each component of the CCS system. Table 5 shows the net energy 

output and energy consumption of CCS components (14). 

The avoided energy penalty (Ee) during the storage time is equal to 204.9 MW. 

Category Energy Use 

plant output w/o CCS (MW) 987 

plant output w CCS (MW) 782.1 

CCS energy consumption (MW) 204.9 

Amine Steam Use/ Sorbent 

regeneration (MW) 

422.9  

Flue Gas Fan Use (MW) 39.1 

Sorbent Pump Use (MW) 2.8 

CO2 Compression Use (MW) 139.5 

Table 5 energy output w and w/o CCS and energy consumption of CCS components                                                                           

as reported by IECM for a plant like Powerton (14) 

2.5.2 Volatile electricity prices 

 

Powerton power plant is regulated under the Chicago Hub of the PJM interconnection. The 

electricity prices used in this analysis correspond to those of the Chicago Hub’s Locational 

Marginal Pricing (LMP) during year 2007. To illustrate the hourly variability of LMPs, 

Figure 4 shows hourly electricity prices of the first day of each month in 2007. 
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Figure 5 24-hour LMP of the first day in each month, 2007 (13) 

 

2.5.3 Increased revenue from electricity price differences 

 

By selling the avoided energy consumption during hours of high electricity price hours and 

consuming the same amount of energy during those of low electricity prices, Powerton is 

able to increase its revenue. The increased amount of revenue (R1) in a day can be calculated 

by the following two equations respectively for two-mode and three-mode (5).  

Two-mode: 

            

  

   

    
  

     

  

      

    

Three-mode: 

            

  

   

    
  

  

  

   

    

P - electricity price, $/mwh 

Ee - hourly energy penalty of CCS, mwh  

Hs – Storage Time, hr  

Hr- Regeneration Time, hr 
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2.6 Incremental Revenue from Wind power 

 

2.6.1 Government subsidy for wind power development 

 

The U.S. government provides a 2.2 cents/kwh (net output) for 10 consecutive years after the 

wind farm is built (17). This part of revenue is  

R2 ($) = 22 ($/mwh)* net energy output (mwh) 

 

2.6.2 Revenue from wind farm integration 

 

The integration with wind farm benefits the power plant in two aspects. It is able to gain 

more revenue from wind sales when CCS is operated in storage mode. On the other hand, 

during the regeneration mode, the power plant is likely to utilize the available wind power to 

supplement the CCS energy consumption.   

 

 

Figure 6 four cases of CCS integrated with wind power 
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The operation of the CCS system integrated with wind power is determined by the variability 

of the electricity market and the intermittency of the wind. Figure 5 illustrates four possible 

cases of CCS’s integration with wind farm depending on the operation mode of CCS system 

and the intermittency of wind power.   

 

The revenue from wind integration comes from three sources: 1) sales of extra amount of 

wind power along with the regular output during peak demand hours when CCS is in storage 

mode; 2) sales of the reduced amount of energy penalty which is equivalent to the wind 

power output when CCS is in regeneration mode; 3) sales of the available wind power when 

CCS is in regular mode (this part only applies to the 3-mode dispatchable CCS design).  

 

We assume the quality of the wind energy is good enough to be directly used as the plant’s 

output. During the regeneration time, when the wind energy output is less than the required 

energy consumption, the power plant will extract thermal energy to supplement the 

regeneration. On the other hand, if wind energy output surpasses the required regeneration 

energy consumption, the power plant will sell the wind power surplus to the grid.  

 

In summary, the revenue from wind integration (R3) is calculated by 

Two-mode:  
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Three-mode: 

          

     

   

          

  

      

 

Ei – hourly wind energy output, mwh 

Ea – avoided energy penalty because of wind integration, mwh 

P – hourly electricity price (LMP), $/mwh 

Hs – storage time, hr 

Hr – regeneration time, hr 

3 Results 

3.1 Two-mode Arrangement CCS with Wind Power 

 

As indicated in table 6, two-mode dispatchable CCS integrated with wind power is able to 

generate economic profits in all of the four designs. This alternative technology will generate 

approximately 2.5 billion during 30 years of operation as shown in table 6. 

  Storage time (Hs), hr 

 1 2 3 4 

C1 amine, k$ 11,024 22,048 33,072 44,097 

C2 storage tank, k$ 4,239 7,477 10,716 13,954 

C3 Components, k$ 24,000 54,000 84,000 120,000 

C4 wind capital cost, k$ 2,500,092 2,500,092 2,500,092 2,500,092 

C5 wind transmission cost, k$ 117,960 117,960 117,960 117,960 

R1 electricity price diff gain, k$ 71,509 138,646 205,631 271,398 

R2 wind subsidy, k$ 753,074 753,074 753,074 753,074 

R3 wind energy selling, k$ 4,373,049 4,373,049 4,373,049 4,373,049 

Total Incremental Cost, k$ 2,657,315 2,701,578 2,745,840 2,796,103 

Total Incremental Revenue, k$ 5,197,633 5,264,770 5,331,754 5,397,521 

Increased Profits, k$ 2,540,318 2,563,192 2,585,914 2,601,418 

Table 6 simulation results for two-mode dispatchable CCS 
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Figure 7 incremental costs and revenues of two-mode arrangement of dispatchable CCS integrated with wind power 

 

In all the four designs, two-mode dispatchable CCS alone is able to reduce the profit loss of 

Powerton power plant due to the energy penalty of conventional CCS.  As shown in Figure 6, 

the revenue from electricity price differences increases over storage time, which indicates 2-

mode dispatchable CCS effectively mitigate the profits loss of conventional CCS system by 

taking advantage of the fluctuating electricity prices.  However, increasing storage time 

doesn’t significantly change the total profits because the incremental revenue from the 

electricity price differences is offset by the incremental expenses on extra amine and storage 

tanks and over sizing other CCS components due to the longer storage time.  
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The integration of the potential wind farm with a dispatchable CCS system in Powerton 

power plant is fairly profitable and feasible. First, the majority of the total profit is from sales 

from the large amount of wind power and government subsidy. Second, the transmission cost 

and loss is decreased because it is a short-distance project.  

 

3.2 Three-mode Arrangement CCS with Wind Power 

 

As shown in table 6, compared to conventional CCS technology, three-mode dispatchable 

CCS integrated with wind power is also profitable for Powerton power plant. The profits for 

30 years are estimated to vary from 1 to 2.4 billion in the 15 different designs as shown in 

table 7. 

  C1 C2 C3 C4 C5 R1 R2 R3 P 

H

s 

H

r 

Amine, 

k$ 

Tank

, k$ 

Compon

ents, k$ 

Wind 

Capital 

Cost, k$ 

Wind 

Trans 

Cost, k$ 

Elec. 

Price. 

Diff., kS 

Wind 

Subsidy, 

k$ 

Wind 

Selling, k$ 

Increased 

Profits, 

K$ 

1 1 11,024 4,239 596,000 2,500,092 117,960 122,196 753,074 4,373,049 2,019,005 

1 2 11,024 4,239 298,000 2,500,092 117,960 121,286 753,074 4,373,049 2,316,095 

1 3 11,024 4,239 197,000 2,500,092 117,960 120,510 753,074 4,373,049 2,416,319 

1 4 11,024 4,239 149,000 2,500,092 117,960 119,763 753,074 4,373,049 2,463,572 

2 1 22,048 7,477 1,192,000 2,500,092 117,960 234,425 753,074 4,373,049 1,520,971 

2 2 22,048 7,477 596,000 2,500,092 117,960 232,605 753,074 4,373,049 2,115,151 

2 3 22,048 7,477 400,000 2,500,092 117,960 231,053 753,074 4,373,049 2,309,599 

2 4 22,048 7,477 298,000 2,500,092 117,960 229,558 753,074 4,373,049 2,410,104 

3 1 33,072 10,716 1,788,000 2,500,092 117,960 340,926 753,074 4,373,049 1,017,210 

3 2 33,072 10,716 894,000 2,500,092 117,960 338,196 753,074 4,373,049 1,908,480 

3 3 33,072 10,716 596,000 2,500,092 117,960 335,868 753,074 4,373,049 2,204,151 

3 4 33,072 10,716 444,000 2,500,092 117,960 333,626 753,074 4,373,049 2,353,909 

4 2 44,097 13,954 1,192,000 2,500,092 117,960 437,191 753,074 4,373,049 1,695,211 

4 3 44,097 13,954 793,000 2,500,092 117,960 434,086 753,074 4,373,049 2,091,107 

4 4 44,097 13,954 596,000 2,500,092 117,960 431,097 753,074 4,373,049 2,285,117 

Table 7 simulation results for three-mode dispatchable CCS 
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Figure 8 incremental costs and revenues of three-mode arrangement of dispatchable CCS integrated with wind power 

 

However, for Powerton power plant, three-mode dispatchable CCS alone isn’t better than 

conventional CCS. Without the revenue associated with wind power, the total profit is 

negative for all the 16 designs. The total profit peaks when CCS is in storage mode for 2 

hours and in regeneration mode for 4 hours. Even in this design, the total profit without 
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integration with wind farm is negative, which means three-mode arrangement isn’t profitable 

for Powerton power plant.  

 

The chances that a three-mode arrangement dispatchable CCS alone is economically feasible 

are smaller for Powerton power plant because the required expenses on over sizing the CCS 

components is surpasses the incremental revenue from electricity price differences. 

Integration with wind power increases the total profit and makes this technology 

economically feasible. Similar to the simulation results of two-mode arrangement, gains from 

wind generation brings extra profits to Powerton. For three-mode arrangement, it also offsets 

the profit loss due to over sizing other CCS components. 

 

As shown in Figure 7, given the same storage time, increasing the regeneration time 

decreases the cost of over sizing CCS components and increases the total profits. In other 

words, the profit is higher when the design is more inclined to a two-mode arrangement.  The 

total profit generated in three-mode arrangement is also less than that in two-mode 

arrangement. It can be concluded that for Powerton power plant, two-mode dispatchable CCS 

will be a better option.  

 

In both of the two types of dispatchable CCS, the integration with the potential wind farm 

which has a large potential generation capacity is estimated to be profitable because it not 

only covers the energy penalty but also allows more power to be sold in the market.  
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4 Discussion 
 

Dispatchable CCS integration with wind power is likely to help Powerton decrease the profit 

loss caused by conventional amine-based CCS system. The profit loss can be offset by the 

increased revenue from selling more electricity during peak demand hours and selling extra 

amount of energy benefited from integration with wind farm. 

 

Without integration of the wind farm, a two-mode arrangement is potentially more suitable 

for Powerton power plant. Looking into incremental costs and revenues associated with the 

dispatchable CCS alone, the simulation results of the two-mode arrangement show that the 

incremental revenue surpasses the incremental cost. In other words, the revenue from selling 

more electricity at higher prices is sufficient to offset the capital costs associated with 

dispatchable CCS capital costs. However, the simulation results of the three-mode 

arrangement show that in all the 16 scenarios, the total incremental costs are higher than the 

total incremental revenues, which indicates the 3-mode retrofitting option isn’t economically 

suitable for Powerton regulated under Chicago Hub. The possible reasons can be enlarging 

CCS components requires large investment based on the characteristics of Powerton power 

plant and the electricity prices in Chicago Hub don’t vary significantly for certain month.  

 

It is clear the integration of wind power brings more profits to Powerton power plant. It not 

only requires less transmission cost but allows Powerton to gain more revenue. Although this 

study investigates the economic performance of the integration with a wind farm with a large 

capacity, we can expect the similar results if this plant is integrated with a smaller wind farm. 

The problems of developing potential wind farms can be its distance from the load site, 
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intermittency and the non-commercializable capacity. However, integrating a local wind 

farm with a power plant with dispatchable CCS is able to overcome both of the two 

shortcomings.  

 

The commercialization of CCS technology requires a carbon price to be placed. However, 

system flexibility and wind integration can help lower the price.  More research needed to be 

conducted before extending the conclusion about superiority of two-mode CCS arrangement 

to other power plants. It depends on the characteristics of the power plant itself and the 

variability of electricity prices in the district.  

 

Some improvements can be made in further study. This simulation doesn’t take into 

consideration of some technical issues with wind generation such as the elevation of the wind 

farm and the quality of wind power. Future study can incorporate better representation of the 

dynamic wind speed and electricity prices for 30 years.  

 

This project only discusses the possibility of integrating wind power considering its relatively 

low capital cost and easy accessibility in the mid-west region. There are chances that solar 

energy can be a good fit for CCS back-up energy source. The energy-consuming processes of 

CCS, amine regeneration employs heat directly instead of electricity, therefore, thermal 

energy collected from the sun is possible to compensate the energy penalty.  However, the 

higher capital cost of solar can be a disadvantage.   
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The conclusions of this case study on the economic performance of dispatchable CCS and its 

integration with wind power are pertinent to this specific case. More research varying 

electricity prices and wind speed regimes should be conducted to draw a more general 

conclusion. 
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Appendix A: Selection Process of Powerton Power Plant  
 

The ideal candidate for this study should be a power plant that is promising to be retrofitted 

for future use when the carbon tax policy is promulgated.  Based on this basic principle and 

other criteria with regard to accessibility of wind source and carbon sequestration site, a set 

of primary criteria as shown in table 8 were developed to select the power plant.  

Characteristic Assessment method Criteria  

Size Nameplate capacity as reported in EGRID Nameplate capacity >= 500MW.  

Age Calculate from boiler age as reported in 

EGRID  

The newest boiler >= 25 years old.  

Efficiency Reported net heat rate in EGRID Net heat rate <=10 percentile.  

Availability of 

FGD 

Check the availability of FGD or WFGD 

in EGRID or the company’s website 

FGD is installed. 

Accessibility to 

sequestration 

site 

Analyze geographical locations of power 

plants reported in EGRID and 

sequestration site from MGSC through 

ArcGIS 

The sequestration site <= 200km 

distant from the power plant; priority 

options are sites close to enhanced oil 

recovery sites. 

Accessibility to 

local wind 

resource 

Analyze geographical information of 

potential wind sources estimated by 

EWITS database and power plants 

through ArcGIS  

The distance between wind farm and 

the power plant <=100km; capacity 

factor larger than 35%. 

Favorable 

market structure  

Analyze the electricity price and future 

CO2 regulation trend in Illinois  

CO2 emission is to be regulated; 

electricity prices vary with the demand 

in an hourly basis. 

Space  determine approximate area of existing 

plant and surrounding land with Google 

map   

land surrounding the plant >=50% of 

the area of the existing plant  

   
Table 8 selection criteria of power plant candidates 

With the use of ArcGIS and other auxiliary tools, Powerton power plant is selected to be the 

candidate of this study. Section 2.1 describes the key characteristics of this power plant. 
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Other information can be found in EGRID database for the year of 2005 and the website of 

its parent company Edison Mission Energy.  

First, by evaluating the information of EGRID, 16 power plants were screened out to be 

possible candidates for this study. Figure 9 is the location of these plants. 

 

Figure 9 16 power plant candidates in Illinois 

After combing the information of potential wind sites and sequestration sites in Illinois 

Basin, Powerton power plant is considered the suitable for this study. As shown in figure 10, 

the majority of the strong wind sites are located in northern Illinois while the sequestration 

sites are in southern Illinois, therefore, Powerton plant in the middle of Illinois enjoys 

accessibility to both.  
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Figure 10 16 plant candidates, wind sites and sequestration sites 

Powerton power plant has abundant wind farm within a radius of 100km as shown in figure 

11. 

 

Figure 11 Powerton, local wind sites and carbon sequestration sites 
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Among all the wind sites, the closest one is even less than 50 km distant. Comparing its 

capacity to Powerton’s CCS energy penalty, the second closest one, #4431 is selected for this 

study. The clear map of Powerton and wind site #4431 is available in Section 2.1. 

 

Appendix B: Detailed Information about Wind Site #4431 
 

Site # 4431 

Capacity, MW 1,146 

Capacity Factor 0.36 

Lowest_IEC 3 

dist to Powerton, m 47,318 

transmission constrain 0.05 

transmission lost 1.50% 

daily generation, mwh 9244 

annual generation, mwh 3,374,247 

operation year, yr 30 

tax credit, $/mwh 22.0 

tax credit year, yr 10 

capital cost estimate, $/kw 2,016 

cost multiplier 1.14 

capital cost, k$ 2,635,356 

trans unit cost, $/km(345kV) 1,242,236 

transmission cost, k$ 58,780 

Figure 12 detailed information about wind site #4431 


