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where Ap, 4 : available capacity (GW), Mk, ; : unavailable capacity of i-th power plant in m-th maintenance
schedule (GW), ur,, 4 : Occurrence rate of plant shutdown in day d due to maintenance of m-th schedule,
upp; : Seasonal peak availability, upa; : Annual average availability, k;: existing generation capacity (GW),

Kupperi: UppPeEr limit of generation capacity (GW)
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X4t = (DMax, , —dss; - Ap;,)-mol, (d=1,2,---,D)(t=12,---,T)
DMax, , = X;,, (d=1,2,.--,D)(t=12, -, T)
DMax, 4, = X, 4., (d=1,2,---,D)(t=12,---,T)

where DMax; 4 : maximum output level of i-th type power plant in days d and d+1, dss;: share of daily start
and stop operation of i-th type power plant, mol;: minimum output level rate of continuous operation of
i-th type power plant.
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X a —%deci X AP 4 < X g1 S Xigy +%inci x Ap, 4 (for thermal and nuclear)

where inc; : maximum output increase rate per hour, dec; : maximum output decrease rate per hour
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Directﬂj Capture of GO,

o XSHCco,MEEMER (DAC)
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Ca(OH), Ca0 900°C
treated .

NaOH * CO,
—*j caaner < *

Na,CO, CaCo,
solution precipitate

Robert Socolow et al., Direct Air Capture of CO, with Chemicals,
The American Physical Society, 2011
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Thermal and Electrical
Energy Required for DAC
GJ/t-CO,
12
v
10 *
8 v A Single Value (th)
v A Lower Value (th)
6 A ¥ Upper Value (th)
# Single Value (el)
4 A A Lower Value (el)
Upper Value (el)
2 & # Single Value (all)
A X A 4
0
Baciocchi et Stolaroff Keith et al.  Zeman (2007) Lackner  Socolow et al. Goeppert
al. (2006) (2006) (2006) (2009) (2011) (2012) citing
Zeman (2006)

Figure 1: Thermal and Electrical Enerqy Required for DAC. Values are of secondary enerqy requirements
in GJACO,. As such, efficiencies of machines and processes are assumed taken into account while
efficiencies of enerqy conversions from primary to secondary energies are not. Efficiencies of kilns are
included. (Baciocchi et al., 2006; Goeppert et al., 2012; D. W. Keith et al., 2006; K.S. Lackner, 2009;
Socolow et al., 2011; Stolaroff, 2006; Zeman, 2007)

Micah Broehm, Jessica Strefler, Nico Bauer, Techno-Economic Review of Direct Air Capture Systems
for Large Scale Mitigation of Atmospheric CO,, Potsdam Institute for Climate Impact Research
(2015)
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Casel: [RFNFEEF20 GW, DACEfmE iz $2,200/t-CO,/year. FIRES5%1H
B2 100$/kW of charge. 100$/kWh of storage

Case2: [RFNIFEEF20 GW, DACEfmE iz $220/t-CO,/year. FIRESE%{m
Bi{fi7Z210$/kW of charge. 10$/kWh of storage

Case3: [RFHNFEFTNo upper limit, DACE%f@Efii & $220/t-CO,/year.
FIRESs%fmEd{fiZ 10$/kW of charge. 10$/kWh of storage
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