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ABSTRACT

Post-combustion COcapture can have a significant contribution to teduction of CQ
emissions. However, it also requires a considerabb®unt of energy, causing a significant
decrease in the net electricity output of the poplant it is associated with. A vast array of
research initiatives is currently aimed at redudimg decrease. One of the main approaches is
the development of improved solvents, replacing ¢baventionally used 30 wt% aqueous
mono-ethanolamine (MEA) solution. Recently, Roahell al. [1] reported on the use of aqueous
piperazine (PZ) and concluded that it could benn standard solvent for G@apture. One of
the discussed advantages of PZ is its thermallisyatdllowing the regeneration step of the
absorption process to be done at a temperatures®f°Q@, instead of the 120C which is
typically used for MEA solutions. This increasedegaeration temperature, in combination with
a higher CQ desorption pressure, is claimed to allow a bettergy performance of the capture
plant.

In the current work, we perform a more-detailedigses of the energetic performance of a 1000
MW, coal-fired power plant in combination with a pasimbustion C@capture process using
40 wt% aqueous PZ as solvent. Similar to the vioyrkle Miguel Mercader et al. [2], the energy
penalty will be evaluated by the integrated usevoftypes of model approaches. In this work,
the capture plant is modeled in detail using Adpkrs, while the power plant and €O
compression are modeled with a high-level appraesohg efficiency performance curves that
are based on a combination of fundamental and @abielations. For the power plant, these
curves give the operational envelope of the pladtdescribe the plant efficiency as function of
power plant load and thermal energy withdrawal abtristics.

The CQ capture plant is a slightly simplified version bétprocess mentioned by Rochelle et al.
[1]. It is a conventional absorption process, vatie important change: desorption is realized by
a series of two heated flashes, both operatind@t°C. To allow for the two flashes, the rich
solvent pump increases the pressure of the solwemtbout 15 to 20 bar. The G@hat is
desorbed in the second low-pressure (LP) flashrss ¢ooled to a temperature of 40 °C and
compressed to the pressure at which the first prglssure (HP) flash is operating. Subsequently,
it is combined with the C&xhat is desorbed in the HP flash and fed to a cesgon train.

The entire absorption process is modeled in Aspes V7.3. A default template provided by the

software vendor is used as basis for the simulafidve pressure of the LP flash is found by
specifying the lean solvent loading. The presstdih® HP flash is varied as part of the current
investigation. Upon increasing the pressure oHReflash, its thermal duty is being replaced by
the duty of the LP flash. Increasing the pressise ancreases the required pump duty, and



because the amount of @@leased in the second flash increases as welkluty of the LP to
HP compressor increases too. The duty of the cessn train, which is not included in the
capture plant model but in a separate submodelgdses if the HP flash pressure increases.

The resulting total heat duty shows a minimum 66254/ton CQ around a pressure of 15 bar.
The total electric duty of the capture plant insesafrom 0.05 Ggton CQ at a pressure of 12
bar up to 0.09 GJton CQ at a pressure of 17 bar. In order to calculatectimabined effect of
the heat and electric duties, the difference betwtbe quality of electrical energy and heat at a
temperature of 150 °C needs to be taken into a¢cdims can be done by using the exergy
contents of these streams. The exergy contentdeofrieal energy is identical to its energy
contents. For heat at a temperature of 150 °C andcmabient temperature of 25 °C, the
conversion factor becomes 0.33. The minimum ofdbmabined thermal and electric duties is
found at a pressure of 14.5 bar, where the totigl aiuithe capture plant is 0.96 &/fon CQ.

Rochelle et al. [1] suggest a pressure of 17 bar@port a minimum value for the total heat duty
of 2.6 GJ/ton CQ. Although the found heat duties are lower thandinges typically found for
standard and advanced MEA-based processes, beiwgdre3.0 and 3.6 @don CQ [2], it
should be kept in mind that there exists a diffeeebetween the quality of the heat that is used.
Based on exergy, 2.6 GJ of heat at 150 °C is etpnvéo approximately 3.5 GJ of heat at 120
°C. In practice, this difference in quality trartels into a different steam quality requirement,
which eventually causes a different efficiency pgnaf the power plant. So, although the
electric duty of the PZ process is lower than thfathe MEA-based processes, because GO
desorbed at higher pressures, its overall energetiormance can still be worse than that of the
MEA-based processes.

This work assesses the influence of the differesat lgquality and quantity requirements on the
efficiency of an new-build power plant for with tierbine pressures can still be designed, as
well as a retrofit case for which the turbine puees are already determined. In this way, a
more-definite answer can be given on the questibether the energetic performance of the PZ
process is indeed better than that of an advanc&dh-Based process. The results and

conclusions presented in this work are an impoitatal step towards the estimation of the true

potential of PZ-based capture processes.
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