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Overview

The aim of this work is to address possible market opportunities for power plants with post-combustion carbon capture. Equipping an existing power plant with post-combustion carbon capture (keeping same boiler) reduces both the power plant’s efficiency and net power output. It will depend on the legal requirements whether it is allowed to turn off the capture plant to benefit from specific market conditions. The situation where a power plant operator can choose when to capture CO2 and when not, is referred to as flexible capture and is considered in this paper. A first opportunity for a power plant with flexible capture is to increase the power plant’s profit by selling more electricity when the electricity spot price is high and the CO2 price low (depending on the ratio). Chalmers et al. (2009) show that considerable profits can be made by allowing a flexible operation of the capture plant. A second option is to contribute to ancillary services, as additional power can be made available when turning off the capture plant.These two opportunities are addressed methodologically and by means of a simulation model. Throughout the analysis, an Ultra Super Critical Pulverized Coal (USC-PC) plant and a Natural Gas Combined Cycle (NGCC) plant, both equipped with (flexible) post-combustion carbon capture, are considered. 

Impact of post combustion carbon capture

Since the capturing of CO2 from power plants is very energy intensive, the two most important effects are the decrease of the efficiency and the corresponding reduction in net power output of the power plant. In this analysis, a reduction of 10.3 %-pts at full load for a USC-PC plant is used (Kather and Linnenberg, 2009), while 7.3 %-pts for an NGCC plant is employed. The efficiency reduction is smaller for gas-fired power plants than for coal-fired power plants, since the latter are characterized by substantially higher CO2 emissions. If the maximum fuel input to the boiler remains the same after the addition of carbon capture (i.e., if the boiler is not replaced by a larger one), the efficiency reduction also results in a capacity reduction. Chalmers and Gibbins (2007) assume that the capture energy penalty can be almost entirely avoided by stopping the capture plant and venting the CO2 in the flue gases to the atmosphere. The power plant will then return to its original power without capture. This is true if the balance of plant is appropriately designed to handle the associated changes in steam flow. 

It is instructive to look at the effect of post-combustion capture on the merit order (or stacking order) of generating units. The marginal cost (MC) of the power plants is the sum of the marginal fuel cost, the variable O&M cost and the CO2 cost. When a power plant is equipped and operated with carbon capture, the power plant efficiency is reduced, while the CO2 emissions are reduced as well. The MC of the different plants (operated with or without carbon capture) can be expressed as a function of the CO2 price. The relationship is linear, with the slope of the curves related to the marginal emissions of the different power plants. Under the assumed fuel prices, the MC curves of a USC-PC plant with and without post-combustion capture intersect at a CO2 price of about 16 €/ton. If the price is lower, capturing CO2 increases the total marginal cost, because the higher operating cost (= fuel + O&M) is not compensated by the lower CO2 cost. The break-even point for an NGCC occurs at about 28 €/ton. 

The power output of the generating unit can be increased by shutting down the capture plant. It is interesting to think of the marginal cost associated with this extra power output. This marginal cost is equal to the product of the carbon content of the fuel, the capture rate of the capture plant and the CO2 price, divided by the difference in efficiency between operating without and with carbon capture. If the CO2 price is zero, the cost to supply the extra amount of power is also zero. Under the assumed fuel prices, if the CO2 price is higher than about 25 €/ton CO2, a regular gas turbine has a lower marginal cost, compared to the marginal cost of the extra capacity made available by turning off the capture plant of a NGCC or a USC-PC unit. 

Results and conclusions

A detailed simulation model (Martens et al., 2011) is employed to first address the functioning of power plants with post-combustion in a price based profit maximization, and second, to address the possibilities of contributing to ancillary services. 

It is clear from applying the price based unit commitment model (profit maximization), that the dispatch decisions depend largely on the price of CO2. For both the USC-PC and NGCC, the range of electricity prices for which CO2 is captured increases with the price of CO2, although the range is smaller for NGCCs than for USC-PC plants. It is clear that power plants with (flexible) carbon capture are less sensitive to fluctuations in the CO2 price. As they have lower remaining emissions than coal-fired plants, gas-fired units are even less sensitive to these fluctuations. A stand-by mode of the capture plant is also considered. The advantage of bringing the capture plant to this stand-by mode instead of shutting it down completely, is that the hot stand-by position allows a faster restart of the capture plant. The disadvantage is that it still requires a certain amount of energy to keep the temperature in the desorber at its nominal value. 

When turning off the capture plant, additional power is made available. It will most likely be technically feasible to access this additional capacity in a short time frame. The power plants that could deliver this extra capacity are already operating and delivering power to the network. They do not need to be started up. A shut-down of the capture plant only involves shutting down the steam supply to the reboiler, stopping the flue gas fan and closing the inlet damper to the absorber, stopping all the circulation pumps and venting the CO2 to the stack. This could probably happen in less than 30 minutes and even in 15 minutes. It is therefore not unthinkable that the power required to capture CO2 could serve as a reserve capacity, contracted by a transmission system operator. By allowing a flexible operation of the capture plant, the need to build additional power plants can be reduced. A cost based unit commitment setting is applied to reflect upon the possibilities regarding ancillary services participation. Such cost based model is used to investigate the interaction of power plants with post-combustion capture with the rest of the electricity generation system, where at every time of the day, production must meet demand. A set of power plants (3 USC-PC plants and 5 NGCC plants, all equipped with flexible capture) is considered A net demand profile 24 h is considered, with a time step of 30 minutes. To reflect upon the possibilities of power plants with carbon capture to contribute to reserves, a contingency is simulated. An original demand profile is considered, together with a profile where there is an unexpected rise in demand (on the level of the considered thermal plants) of 600 MWe as from 10.00h. Simulations are performed for a range of CO2 prices. Whereas the original demand is met by the considered power plants all operating with carbon capture (in the 40 €/ton case), this power used to drive the carbon capture is used for electricity generation in the case of the adapted demand. This case of flexible capture is compared to the situation in which the flexible operation of the capture plant is prohibited and where the additional power is delivered by (open cycle) gas turbines. The operational cost to meet the adapted demand profile (i.e., with contingency) is lower for the flexible scenario than for the scenario with the gas turbines, as long as the CO2 price is lower than 60 €/ton. A third scenario is considered where both the gas turbines are present and a flexible operation of the capture plants is allowed. In this case, the cost is always lower than (or equal to) the cost for the other two scenarios, because there are more options to deliver the extra capacity. To conclude, if the fossil-fired units in a network are equipped with a carbon capture technology, a large fraction of the total capacity is used for the capturing of CO2. This could be considered as a reserve capacity. This extra capacity can then be treated in the same way as other generating capacity when making dispatch decisions (taking into account CO2 prices). The order in which additional capacity is used depends on the marginal cost of this extra capacity and the start-up cost (if applicable).
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