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Abstract 

 

The study aims at estimating reductions in energy penalty costs of a CO2 capture plant by 

exploiting price volatility in the electricity markets. The policy implication of this reduced 

abatement cost could be an increased penetration of Carbon Capture and Storage (CCS) in 

the future.  ‘Dispatchable CCS’ offers the plant operator the option to choose a desired CO2 

capture operating condition based on current market conditions such as fuel prices, CO2 

prices, and electricity prices. It looks at possible design options of this flexibility in the 

operation of the carbon capture plant with addition of amine storage tanks and vent out 

pipes. It gives us a brief outline of these flexible design options and the costs associated 

with them. This is followed by the calculation of Total Costs ($/ton) of CO2 capture in a 

Dispatchable CCS system. This task is performed at first with constant electricity prices, to 

stress the importance of electricity price variations on the Total Cost of the system. A 

parametric analysis on capture rate and electricity price is later used to calculate the NPV 

for the two flexible designs.  The results show lower cost estimates as compared to the full 

loads capture system, for the two flexible designs in the study. The study looks at some 

other benefits arising out of a ‘Dispatchable CCS’ system. It also discusses some future 

considerations to further the goal of this study.  
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1. Introduction 
 

Carbon Capture and Sequestration (CCS) refers to a technology that captures and stores 

CO2 emissions from coal-fired plants [1]. The system involves three components; Carbon 

capture, Transport, and Sequestration/Storage. Carbon Capture is the most cost intensive 

component, accounting for more than 80% of the total cost. Thus a breakthrough in a 

carbon capture technology is very critical for CCS to make an early entry into the market. 

The most available and mature of these carbon capture technologies is the amines based 

system (MEA) [1] with the other technologies being Chilled Ammonia [1] and Oxy fuel 

Combustion [1]. The two major problems with MEA technology are 1. High capital cost and 

2. High energy penalty (as high as 30%) that represent a major component of the O&M cost 

[2]. 

Most analyses of CO2 capture systems assume continuous operation of the unit at full load 

capturing close to 90% of the total emissions from the base plant. Also, the energy 

requirement of the capture unit and the energy penalty costs are assumed to remain 

constant over the lifetime of the plant. The bulk of this energy requirement comes as heat 

from the base plant for solvent regeneration and the rest used in the amine storage tank 

and the CO2 compressor. The resulting increase in the operation and maintenance costs 

coupled with high capital costs makes the capture plant very expensive. 

 

This study considers two alternatives for flexible capture, named here as the ‘Dispatchable 

CCS’ technology, which aims at reducing the energy penalty costs by exploiting the price 

volatility in electricity markets during the day. By comparing the different Capital costs, 
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O&M costs, and costs of compliance with a carbon emission regulation of each alternative 

we are able to provide some information on the viability of these technologies and its 

effects on CCS deployment and abatement costs. 

 

In the first section we look at the basic capture system and its two variants for Dispatchable 

CCS and estimate the costs associated with these flexible options. This is followed by the 

calculation of Total Costs (in $/ton) in a Dispatchable CCS system. This task is performed at 

first with constant but rising electricity prices, to stress the importance of electricity price 

variations on the Total Cost of the system. Then we analyze the total costs for the two 

Dispatchable CCS plant designs with hourly variation in electricity prices, in this case 

assumed to be in a uniform distribution.  At last we also look at some future considerations 

to further the goal of this study. 

2. Electricity Price Volatility 
 

An example of variation of electricity prices in a day for PJM ISO and its effect on energy 

penalty cost for a 500 MW coal plant is shown here to better explain the motivation behind 

this study. The plot below shows the hourly electricity prices in a day in February in the 

PJM ISO: 

 



 

   Figure 1: Electricity price variation in PJM ISO on June 24, 2009

This affects the hourly energy penalty costs of the plant as shown below:

Figure 2: The hourly energy penalty cost variation

 

The bars in blue (6 hours during the day) account for approximately 40%

energy penalty cost. Using full c

energy penalty cost by generating revenues from electricity sales.

the flexible operation of CCS which forms the basis of this s

3. Flexible Operation of CCS 
 

By giving the plant operator the option to choose a desired CO

based on market conditions such as fuel prices, CO2 prices, and electricity demand, flexible 

CO2 capture can be utilized to operate more economically than 

restricted to continuous, full load operation [3].

Electricity price variation in PJM ISO on June 24, 2009

This affects the hourly energy penalty costs of the plant as shown below: 

Figure 2: The hourly energy penalty cost variation 

The bars in blue (6 hours during the day) account for approximately 40%

nergy penalty cost. Using full capacity of the plant during these times could reduce the 

generating revenues from electricity sales. This can be achieved by 

the flexible operation of CCS which forms the basis of this study. 

 

By giving the plant operator the option to choose a desired CO2 capture operating 

based on market conditions such as fuel prices, CO2 prices, and electricity demand, flexible 

capture can be utilized to operate more economically than if capture systems are 

restricted to continuous, full load operation [3]. 
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apacity of the plant during these times could reduce the 
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capture operating condition 

based on market conditions such as fuel prices, CO2 prices, and electricity demand, flexible 

if capture systems are 



 

Previous work has shown that doing so in response to varying electricity demand or prices 

can improve annual profits by $10

Flexible CO2 capture can also bring additional grid reliability services that 

additional cost savings and overall reductions in CO

4. MEA Flexible CO2 Capture Options 
 

One of the most mature technologies for post combustion capture of CO

absorption by a chemical solvent, Monoethanolamine (MEA). 

designs for MEA technologies.

main units being the Absorber and the Stripper columns.

absorbed by the MEA solution present in the Absorber and a treated gas stream of lower 

CO2 content is vented out. The solvent solution (rich MEA i

the Stripper column using steam derived from the base power plant. CO

the stripper column is compressed and transported away and the regenerated 

(Lean MEA in Fig 1) is sent again to the absorber colum

Figure 3

Previous work has shown that doing so in response to varying electricity demand or prices 

can improve annual profits by $10-$100 million or more at facilities with CO

also bring additional grid reliability services that 

additional cost savings and overall reductions in CO2 emissions [4].  

Options – Plant Design 

technologies for post combustion capture of CO2 involves chemical 

absorption by a chemical solvent, Monoethanolamine (MEA). This study focuses in flexible 

designs for MEA technologies. Figure 1 below shows a typical plant layou

main units being the Absorber and the Stripper columns. CO2 present in the flue gas is 

absorbed by the MEA solution present in the Absorber and a treated gas stream of lower 

The solvent solution (rich MEA in Fig 1) is now regenerated in 

the Stripper column using steam derived from the base power plant. CO2 

the stripper column is compressed and transported away and the regenerated 

(Lean MEA in Fig 1) is sent again to the absorber column.  

Figure 3: Typical Capture plant Layout Design 
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Previous work has shown that doing so in response to varying electricity demand or prices 

$100 million or more at facilities with CO2 capture [3]. 

also bring additional grid reliability services that can bring 

involves chemical 

This study focuses in flexible 

nt layout with the two 

present in the flue gas is 

absorbed by the MEA solution present in the Absorber and a treated gas stream of lower 

n Fig 1) is now regenerated in 

 from the top of 

the stripper column is compressed and transported away and the regenerated solvent 

 



 

Each component of the capture plant has different energy requirements during operation, 

the maximum being used by the stripper during regeneration. Energy 

components for a plant with 100

Model 2009): 

Figure 4: Energy Use by Capture plant components

Capture Plant Energy Use 

Flue Gas Fan Use  

Sorbent Pump Use 

CO2 Compression Use 

Sorbent Regeneration 

(equiv energy) 

Each component of the capture plant has different energy requirements during operation, 

the maximum being used by the stripper during regeneration. Energy uses of the major 

100 MW of installed capacity are as outlined below

Energy Use by Capture plant components      

 

 

As seen, the heat required to regenerate the 

solvent can account for about 2/3 of the total 

energy penalty associated with post 

combustion capture using MEA based solvents. 

 

 MW 

13.76 

1.05 

52.31 

86.23 

Table 1: Energy use by capture plant components
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Each component of the capture plant has different energy requirements during operation, 

uses of the major 

as outlined below (IECM 

 

, the heat required to regenerate the 

solvent can account for about 2/3 of the total 

energy penalty associated with post 

combustion capture using MEA based solvents.  

Table 1: Energy use by capture plant components 



 

Earlier studies have proposed a few ways to reduce the operating costs of CCS taking 

advantage of the high electricity prices. Two of the proposed systems require changes in 

plant design and the third could potentially be applied to any CCS system. These are:

4.1. CO2 Bypass:  
 

This system requires the provision of a vent out pipe where the capture plant is completely 

shutdown at the time of high electricity 

atmosphere through the vent out pipe. 

advantage of enabling very fast output ramp

boilers as compared to similar plants without capture [6].

Figure 5

Capital Cost: The capital cost of such an 

the vent out pipe. But earlier studies [6] have pointed out that in most plants such a design 

already exists for reliability and maintenance reasons and may not count as added cost to 

the flexible CCS system. 

O & M Cost: This would mostly include the price on CO

have proposed a few ways to reduce the operating costs of CCS taking 

advantage of the high electricity prices. Two of the proposed systems require changes in 

plant design and the third could potentially be applied to any CCS system. These are:

provision of a vent out pipe where the capture plant is completely 

shutdown at the time of high electricity prices [5], and the CO2 is released

atmosphere through the vent out pipe. This arrangement would have the additional 

advantage of enabling very fast output ramp-rate for power plants with supercritical 

boilers as compared to similar plants without capture [6].  

Figure 5: Flexible CCS – CO2 bypass option 

: The capital cost of such an arrangement would only include the capital cost of 

the vent out pipe. But earlier studies [6] have pointed out that in most plants such a design 

already exists for reliability and maintenance reasons and may not count as added cost to 

mostly include the price on CO2 vented out. 
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have proposed a few ways to reduce the operating costs of CCS taking 

advantage of the high electricity prices. Two of the proposed systems require changes in 

plant design and the third could potentially be applied to any CCS system. These are: 

provision of a vent out pipe where the capture plant is completely 

is released into the 

have the additional 

for power plants with supercritical 

 

arrangement would only include the capital cost of 

the vent out pipe. But earlier studies [6] have pointed out that in most plants such a design 

already exists for reliability and maintenance reasons and may not count as added cost to 



 

Regulatory Constraints: At times of strict CO

viable option. 

 

4.2. Amine Storage Tank:    
 

This system requires the provision of 

and lean solvents) to capture CO

electricity prices, the absorber continues to operate and the rich solvent is sent to the 

storage tank and not the stripper which is shut down. This saves the majority of the energy 

penalty used up in running the stripper and compression unit, as discussed above (Fig 2).

The stored rich solvent when regenerated later at times of low electricity prices does incur 

an additional energy penalty but 

electricity prices at the time of regeneration are lower

Figure 6: Flexible CCS 

: At times of strict CO2 regulations, might be a expensive or not 

e provision of a couple of extra amine storage tanks (containing rich 

and lean solvents) to capture CO2 at times of low electricity prices [4]. During times of high 

, the absorber continues to operate and the rich solvent is sent to the 

ipper which is shut down. This saves the majority of the energy 

penalty used up in running the stripper and compression unit, as discussed above (Fig 2).

The stored rich solvent when regenerated later at times of low electricity prices does incur 

onal energy penalty but the costs are lower than under normal operations

electricity prices at the time of regeneration are lower.  

Figure 6: Flexible CCS – Amine Storage Tank 
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be a expensive or not a 

extra amine storage tanks (containing rich 

During times of high 

, the absorber continues to operate and the rich solvent is sent to the 

ipper which is shut down. This saves the majority of the energy 

penalty used up in running the stripper and compression unit, as discussed above (Fig 2). 

The stored rich solvent when regenerated later at times of low electricity prices does incur 

lower than under normal operations if the 

 



12 
 

Capital Cost: The capital cost would depend on the size of the amine storage tank which in 

turn depends on: 

i). number of MEA non-regeneration hours  

ii). MEA volume requirement per hour – For typical MEA (30% by wt) used this is 10,000 

cm3/h for 90% capture as per a study in IEA Greenhouse Gas R&D program. [7]  

The costs of such an arrangement from some field measurements as mentioned in an 

earlier study [6] are: 

CAPITAL COST No. of MEA non-regeneration hours 

Type of Material 2 hours 4 hours 

Carbon Steel $4 million $7 million 

Stainless Steel $10 million $17.5 million 

Table 2: Capital Costs of amine storage tanks 

The above costs might also include an additional cost of 5million/h for maintaining the 

solvent inventory. [6, 7] 

O&M Cost: These costs being minimal have not been found to be reported in any of the 

earlier studies. 

 5. Parametric Analysis - Total Capture Cost at Constant Electricity Price 
 

This task was carried out as a first step to analyze the Total Cost (TC) of CO2 capture with 

variation in electricity prices. Although the electricity prices change every hour in real time, 

a constant price was used to calculate TC depending on the number of hours of operation of 

the plant (the plant was assumed to operate at full load for a maximum 6575 hours in a 

year). The Capital and the O&M costs for the above were calculated using the IECM model.  
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The plant under study is a 500 MW plant with a 75% capacity factor. Table 3 summarizes 

the plant characteristics, costs and performance assumptions as included in the IECM 

model. 

 

 

 

 

 

 

 

 

 

 

 

 

The cost model was developed taking into account all the capital and O&M costs for the 

operation of a capture plant as below: 

 

 

 

Plant Under Study 

Name Plate Capacity (MW) 500 

Capacity factor (%) 75 

Electricity Price ($/MWh) varying 

Capture Percentage (%) 90% at full load. Decreases with 

reduced hours of operation. 

Tons Captured (per MWh) 1.1, when the capture unit operates. 

Amine Scrubber Use (MW) 148.5 

Annualized Capital Cost (M$/yr) 41 

Sorbent Use Cost (M$/yr) 19.37 

Table 3: Plant characteristics of the plant under study 

Total Cost ($/ton) =Capital Cost + O&M Cost

2

Annualized Capital Cost
Capital Cost ($/ton)  

#  CO  tons captured in a year
=

2

Annual O&M Cost
O&M Cost ($/ton)  

#  CO  tons captured in a year
=



 

Figure 7: Variation in Total Cost ($/ton) for different electricity prices

As seen in figure 7, for a given electricity price, the 

capture decreases with an increase in 

which causes a decrease in the total cost ($/ton) of capture. But with 

Figure 8: Added Revenue generation by electricity sales

Figure 7: Variation in Total Cost ($/ton) for different electricity prices

, for a given electricity price, the total cost of capturing CO

increase in the number of tons captured (capture percentage)

a decrease in the total cost ($/ton) of capture. But with increasing electricity 

Figure 8: Added Revenue generation by electricity sales 
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Figure 7: Variation in Total Cost ($/ton) for different electricity prices 

cost of capturing CO2 per ton of 

of tons captured (capture percentage), 

creasing electricity 



 

prices, rising energy penalty leads to a

causes an increase in the Net cost

As seen in figure 8, for a fixed capture percentage, an 

revenue from electricity sales.  

For the plot in figure 9, a revenue compensated cost model was developed where,

 

 

 

 

 

Figure 9 shows how revenue generated from electricity sales, 

electricity prices are high. The 

percentages as seen in the plot above. This is because of the significant 

generated for high electricity changes 

Net Cost ($/ton) =Capital Cost + (O&M Co

Capital Cost ($/ton)  

&  Cost-Revenue ($/ton)  O M

Figure 9: Net Cost 

prices, rising energy penalty leads to a reduction in revenue from electricity sales, which 

cost ($/ton) of capture (NC) .       

for a fixed capture percentage, an increase in electricity prices

 

a revenue compensated cost model was developed where,

revenue generated from electricity sales, can offset O&M costs

The NC ($/ton) shows very low values for lower 

as seen in the plot above. This is because of the significant values of revenue 

changes against the O&M costs incurred at th

Net Cost ($/ton) =Capital Cost + (O&M Cost-Revenue)

2

Annualized Capital Cost
Capital Cost ($/ton)  

#  CO  tons captured in a year
=

2

Annual O&M Cost - Revenue generated
&  Cost-Revenue ($/ton)  

#CO  tons captured in a year
=

Cost (Total cost compensated by added revenues

15 

reduction in revenue from electricity sales, which 

    

electricity prices increases 

a revenue compensated cost model was developed where, 

 

O&M costs when 

for lower capture 

values of revenue 

against the O&M costs incurred at that price.  The 

Annual O&M Cost - Revenue generated
#CO  tons captured in a year

compensated by added revenues) 



16 
 

capital cost is independent of variation in electricity prices. The revenue compensated cost 

model was used to plot Total Cost ($/ton) in all further analysis made in this study. 

6. Results - Total Capture Cost at Varying Electricity Prices 
 

The hourly electricity prices show significant variation in real time. In a Dispatchable CCS 

system, depending on the magnitude of these price signals, the capture plant operator 

would have the option of shutting down the plant. Different operation modes of the capture 

plant can be available to the operator as discussed in Section 3 above.  Earlier studies have 

pointed out that when only electricity sales are considered, it could be economically 

beneficial to bypass a post combustion capture plant when dollar per mega watt hour 

electricity prices are, at least, of order two to three times higher than dollar per ton of CO2 

captured (tCO2) penalties for CO2 emissions [6]. But when both electricity and CO2 prices 

are high the choice between the two flexible CCS options; bypass and amine storage is not 

as simple to make.  

Thus, we looked at the economics of each of the flexible designs under varying electricity 

prices and carbon capture percentages as below: 

6.1. Operational Mode: CO2 Bypass 
 

An initial study considering three different cases is carried out below to gain some 

quantitative understanding of the economic importance of Dispatchable CCS for the CO2 

bypass operation mode. These cases are: 
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1. Base Case: In this case the plant operates all the time at the maximum CO2 capture 

efficiency for which it has been designed.  (These plants are designed to achieve efficiencies 

to a maximum of 90%) 

2. ‘Careless’/Non-conditional Dispatch Case: In this scenario, the capture plant is flexible and 

has been designed to capture 90%, but chooses to shut down irrespective of the electricity 

price to achieve desired capture efficiency. This scenario is included to estimate a lower 

bound for savings, due to the lack of knowledge about future electricity prices. 

3. Optimal/Conditional Dispatch Case: This is an ideal scenario, where the plant operator 

has complete information on the electricity prices on an hourly basis. He chooses to 

shutdown the plant depending on the magnitude of this price and required capture 

efficiency. 

The hourly electricity price signals were generated between $10/MWh and $100/MWh 

values assuming a uniform distribution. We are aware that this is not an accurate 

representation of the stochastic process followed by electricity prices in restructured 

markets but have chosen this to illustrate the point that with varying electricity prices 

optimal dispatch could achieve great savings.  

The plot below shows the Net Cost calculation in $/ton for the three scenarios as discussed 

above. For the Base Case scenario, the net cost decreases considerably with an increase in 

capture efficiency of the plant.  Earlier studies have also confirmed that a capture plant 

operating at full load is most efficient (minimum $/ton cost) at approximately 85% - 90% 

capture depending on base plant capacity [5]. 



 

Figure 10: Net Cost ($/ton) of capture for different scenarios

For the Unconditional and Conditional Dispatch Cases

plant at times of high electricity prices, generates revenue through electricity sales and 

lowers the O&M cost for the operation of the capture plant. 

Case registers a lowest cost because the plant operator has complete information about the 

electricity prices and chooses the best hours to shut down the plant. Also, wh

cost of emitting CO2 as in the above analysis

minimum capture percentage, but with rising CO

will increase. 

6.2. Operational Mode: Amine Storage
 

The cost of amine storage tanks was 

tanks have a capacity for up to f

Cost ($/ton) of capture for different scenarios 

Conditional Dispatch Cases, the shutting down of the capture 

igh electricity prices, generates revenue through electricity sales and 

lowers the O&M cost for the operation of the capture plant. Also, the Conditional Dispatch 

registers a lowest cost because the plant operator has complete information about the 

electricity prices and chooses the best hours to shut down the plant. Also, wh

as in the above analysis, it will always be least expensive to operate at 

minimum capture percentage, but with rising CO2 prices, the operation of the capture plant 

: Amine Storage 

The cost of amine storage tanks was added to the overall capital costs for this analysis. The

tanks have a capacity for up to four hours of continuous regeneration, made of 
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the shutting down of the capture 

igh electricity prices, generates revenue through electricity sales and 

Conditional Dispatch 

registers a lowest cost because the plant operator has complete information about the 

electricity prices and chooses the best hours to shut down the plant. Also, when there is no 

sive to operate at 

prices, the operation of the capture plant 

added to the overall capital costs for this analysis. The 

, made of stainless 



 

steel and cost around $17.5 M.  The cost of having additional MEA to store adds another 

$20M, assuming a period of 30 years as plant life at 10.3% discount rate (IECM

assumption). This amounts to a $4.1 million annualized 

component of the capture plant.

defined as the percentage of the total time when the stripper and the 

shut down and extra storage tanks come into operation.

costs increase with load shift, the overall effect is a reduction in Net Costs.

Figure 11. Net Cost ($/ton) of capture for different load shifts

The amine storage option takes advantage of the electricity price differential by shutting 

down the stripper and compressor unit at times of high electricity prices and running them 

at times of low electricity prices. The analysis carried 

differential at these two extremes of electricity prices. For example, if the stripper and 

compressor shut down for 10% of time (load shift of 10%) when electricity prices are 

M.  The cost of having additional MEA to store adds another 

period of 30 years as plant life at 10.3% discount rate (IECM

assumption). This amounts to a $4.1 million annualized capital cost of the flexible 

the capture plant. Figure 11 shows Net costs against Load shift

defined as the percentage of the total time when the stripper and the compressor units are 

shut down and extra storage tanks come into operation. In this case, although variable 

costs increase with load shift, the overall effect is a reduction in Net Costs. 

Cost ($/ton) of capture for different load shifts

he amine storage option takes advantage of the electricity price differential by shutting 

down the stripper and compressor unit at times of high electricity prices and running them 

at times of low electricity prices. The analysis carried above, takes advantage of this price 

differential at these two extremes of electricity prices. For example, if the stripper and 

compressor shut down for 10% of time (load shift of 10%) when electricity prices are 
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M.  The cost of having additional MEA to store adds another 

period of 30 years as plant life at 10.3% discount rate (IECM model 

capital cost of the flexible 

Load shift which is 

compressor units are 

In this case, although variable 

 

Cost ($/ton) of capture for different load shifts 

he amine storage option takes advantage of the electricity price differential by shutting 

down the stripper and compressor unit at times of high electricity prices and running them 

tage of this price 

differential at these two extremes of electricity prices. For example, if the stripper and 

compressor shut down for 10% of time (load shift of 10%) when electricity prices are 
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maximum, double regeneration is allowed to occur at the other low price end of the 

electricity price distribution. We see a noted decrease in the Total Cost ($/ton) of capture 

with increase in the load shift which can only increase to maximum of 50%.  Such perfect 

use of the price differential may not be true in the real sense because of lack of availability 

of annual electricity but theoretically justifiable to stress on the efficacy of such a system. 

7. Additional considerations for the storage tank system 
 

Although this preliminary study shows that a Dispatchable CCS system can be economical, 

there are a number of costs that have not been included in the analysis and could modify 

these conclusions.   

7.1. Capital costs not included 
 

Operation of the storage tank requires Resizing Turbine, Condenser and Generator: 

Resizing will be required to accommodate for extra steam used for electricity generation, 

during capture plant shutdown (high electricity prices). 

7.2. O&M not included 
 

We have not included the costs associated to start up and Shutdown: For immediate 

response to varying electricity prices, the capture plant start up and shutdown needs to be 

quick. This might be expensive since the plant may have to run at sub optimal conditions 

and also can reduce the life of plant components due to the thermal stress caused. Start-up 

and shutdown times are not discussed as proprietary information from post combustion 
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capture technology vendors would be required and experience with full scale units at 

power plants is not yet available. [6] 

7.3. Load balancing 
 

Another factor that should be considered is the demand in the power grid: Apart from the 

consideration of varying electricity prices in the power market, the availability of demand 

is also critical to increase generation by shutdown of the capture plant. Generally, high 

prices are complemented by periods of high demand in the power grid. 

8. Conclusion 
 

This study only looks at post combustion capture, but the Dispatchable CCS system might 

also be considered for new power plants with CCS for which IGCC+CCS might be a better 

choice. Between the two design options discussed above, CO2 Bypass makes a lot of sense 

in absence of any CO2 prices its capital costs are expected to be part of the standard plant 

design. With a rise in CO2 prices, amine storage tank option which captures all CO2 might be 

a better choice. Extra amine storage tanks bring a small amount of added capital (approx 

10% of added capital costs) and operational cost to the capture plant.  

 

 

 



22 
 

9. References 
 

1. Coal Utilization Research Council (CURC), Carbon Capture and Storage: Technology 

Status, Cost, Deployment Timing for Electric Power Generation, winter 2008. 

2. Chung, Timothy, Expert Assessments of Carbon dioxide capture and storage, Duke 

University Libraries Duke Space, May 2009. 

3. Ziaii, S., Cohen, S., Rochelle, G.T., Edgar, T.F., Webber, M.E., 2008. Dynamic operation 

of amine scrubbing in response to electricity demand and pricing. Energy 

Procedia 1 (1), 4047–4053. 

4. Chalmers, H. and Gibbins, J. Initial Evaluation of the Impact of Post-combustion 

Capture of Carbon Dioxide on Supercritical Pulverised Coal Power Plant Part Load 

Performance Fuel (2007) Volume 86, Issue 14, September 2007, pp 2109-2123. 

5. Anand B. Rao and Edward S. Rubin, Identifying Cost-Effective CO2 Control Levels for 

Amine-Based CO2 Capture Systems, Department of Engineering and Public Policy, 

Carnegie Mellon University, Ind Eng. Chem. Res. 2006, 45, 2421-2429. 

6. Chalmers, H, Lucquiaud M., Gibbins J. and Leach M. Flexible Operation of Coal Fired 

Power plants with Post combustion capture of carbon dioxide. DOI: 

10.1061/_ASCE_EE.1943-7870.0000007. 

7. IEA Greenhouse Gas R&D Programme. _2004_. “Improvement in power generation 

with post-combustion capture of CO2” Rep. No. PH4/33, Cheltenham, U.K. 


	1. Introduction
	2. Electricity Price Volatility
	3. Flexible Operation of CCS
	4. MEA Flexible CO2 Capture Options – Plant Design
	4.1. CO2 Bypass:
	4.2. Amine Storage Tank:

	5. Parametric Analysis - Total Capture Cost at Constant Electricity Price
	6. Results - Total Capture Cost at Varying Electricity Prices
	6.1. Operational Mode: CO2 Bypass
	6.2. Operational Mode: Amine Storage

	7. Additional considerations for the storage tank system
	7.1. Capital costs not included
	7.2. O&M not included
	7.3. Load balancing

	8. Conclusion
	9. References



