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Abstract: The increase of 1.09°C in global temperature teduin significant
catastrophes because of the extreme climate. Timatel change rate can be slowed
down by reducing the levels of Gkand CQ in the atmospherdhe solar chimney
power plant integrated with a honeycomb photoctitalgactor (SCPP-HPCR) uses
the photocatalytic technology to remove atmosph€Hi. In addition, CQ emissions
can be reduced from coal fired power plant dubéayenerating capacity of the system.
In this paper, the influence of the geometric patams of the reactor on the turbine
efficiency and overall performance of the SCPP-HP&R studied by numerical

simulation. The obtained results showed that thw flesistance inside the system was
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mostly caused by the HPCR at low turbine speed painaarily by the turbine at high
turbine speedReducing the pore diameter of the reactor could rovg the
photocatalytic performance of the SCPP-HPCR mae thcreasing the turbine speed.
The SCPP-HPCR having a pore diameter of 3 mm, ggro$ 0.85, and constant
turbine speed of 180 rpm, built in Qianyanzhou,mahicould remove 2.38 kg of GH

and reduce 375.52 kg of G@ one day.

Keywords. Solar chimney Remove Cl Reduce CO2 emissions; Climate change,

Numerical simulation.

Nomenclature
B, B1, B>

Ciey Coe

&1

2

mlco,
mZCOZ
Ceq
Greek symbols
v

Eoal B S TR o\

Constants for reaction rate calculation
Constants for turbulent model

CH4 concentrationyol-m™

O, concentrationyol-m™

Reaction rate of CHmol- Wlm1s?t

Solar radiationpy-m2

Heat flux of groundyV-n?

Specific surface areay*

Diffusion flux of species, mol-s*-m3

Mass flow ratekg-s?

Mass fraction of Chklat the entrance

Mass fraction of Chlat the exit

Output power of the systerk\W

Momentum loss terni\-n3

Additional rate owing to the discrete phaegn3s?

Reduction rate of CQemission from the coal-fired power statiég;h*
Reduction rate of CQequivalent from photocatalytic GHkg-ht
CQO, reduction ratekg-h?

Kinetic viscosity,m?-s*

Coefficient of thermal expansiol;!
Gas densitykg-n3

Shear stresgy-nr?

Karman Constant
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Abbreviations

GWP Global warming potential

CPP Solar chimney power plant

HPCR Honeycomb photocatalytic reactor

IPCC Intergovernmental panel on climate change

1. Introduction

The global climate change caused by the increagloigal temperature was a
significant challenge for this centuijhe maximal temperature increase that the Earth
could withstand should be limited to 2 °C when caned with the pre-industrial
periods, and it should not exceed 0.1 °C each d@edellinga and Swart, 1991).
According to the Intergovernmental Panel on Clim@ieange (IPCC) (Masson-
Delmotte et al., 2021), the global average tempegah 2020 was 1.09 °C warmer than
that in the 28 century, with an increase of 1.59 °C on land ar88 0C in ocean.
Extreme events caused by climate anomalies, sudbcaized droughts or heavy
rainfall, forest fires, and biological extinctionsere frequentlypccurred (Wang et al.,
2022) In addition, other terrifying events prompted bgtmal warming had the potential
to bring great danger to people in the future, saglthe loss of seasonal snowpack,
glacier melting, permafrost thawing, and decreassummer Arctic sea ice (Witze,
2019). To achieve the Paris Agreement's targetsificting global warming to 1.5°C,
the greenhouse gas emissions should be promptlgigndicantly decreased.

It was widely believed that removing G@om the atmosphere could significantly
mitigate climate change. Many active greenhousargtigation technologies, such as
carbon capture, utilization, and storage (CCS) @uail., 2018), bioenergy with carbon
capture and storage (BECCS) (Sanchez et al., 2@1b8),direct air capture (DAC)
(House et al., 2011) were proposed.4s@t/ns a global warming potential (GWP) 84
times higher than COAIlthough the concentration of Ghh the atmosphere was low,
it had a contribution of 16 % of the global warmimgpact. The greenhouse effect
caused by Chihad attracted global attention as the atmosplicconcentration was
increasing from pre-industrial of 0.76 ppm to 1@mptoday, with an increasing rate

much higher than that of GOAImost 40 % of CH emission was from natural sources,
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such as wetlands and termites. In addition, otlBéb @vere from anthropogenic, such
as ruminants, rice agriculture, fossil fuel extiact landfills, and biomass burning
(Allen, 2016).The atmospheric persistence of OMas short, and therefore reducing
the emissions could achieve a substantial climaigation effect in a short time frame
(Kuylenstierna et al., 2021¥oreover, 90 % of the atmospheric £Was oxidized by
hydroxyl radicals, which promoted the ozone promuctnd affected the oxidation
performance of the tropospheric (Galpern, 20RBajthermore, high ozone levels could
endanger human health, affect plant and animalticamd cause photochemical haze.

The existing methods for atmospheric £ifemoval include zeolites, soil
amendments, iron salt aerosols, biofilters, andtquatalysts.Forest soils were
considered as significant GHsink, neutralizing 13 % of anthropogenic carbon
emissions (Price et al., 2004jowever, developing effective GHemoval methods
was crucial due to the fact that it could take toong for ecosystems to naturally
decompose the atmospheric £Brenneis et al. (Brenneis et al., 2021) synthes&ed
Cu-dropped zeolite as a thermocatalyst, which readd0 % of Chklat atmospheric
levels, at a reaction temperature of 310 AEhough this catalyst could sustain high
activity after 300 h of recycling, the high tempera environment required for the
reactions restricted the large-scale developmenmthisftechnologylron-salt aerosols
could remove atmospheric GHy increasing the level of Gh the air. However, more
studies should be conducted to evaluate the fdigsiti this technology (Ming et al.,
2021a) Moreover, some new removal methods were being igaged (Wang et al.).
CHs could be converted to less potent greenhouse @asu@der sunlight at room
temperature and pressure, using the photocatadgimiconductor technology (de
Richter et al., 2017).

The solar chimney power plant (SCPP), which is eegrthermal wind power
generating system, can develop a steady upwatdwinfiside the chimney. However,
it had a low overall effectiveness (Vazquez-Ruialet2022). Many researchers tried
to improve the solar energy utilization efficienof/ the SCPP, or used it for other
objectives, such as the desalination of saltwatap (et al., 2020) and the drying of

food (Maia and Silva, 20225ome economic evaluation and internal optimization
4
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methods had also been extensively studi@d et al., 2021; Zuo et al., 2022). The
SCPP also performed well in terms of cleaning urianit produced a stable airflow
with physical filtering to purify the particulatésthe city air (Cao et al., 201%}ao et
al. (Cao et al., 2018) designed and constructedirstehaze removal tower in Xi'an,
China, with a collector size of 43 m x 60 m andhanmey height of 60 m, which
confirmed the viability of improving urban air qugl with the SCPP from an
engineering standpoint.

The IPCC highlighted de Richter's proposal (de ficht al., 2017) of combining
the SCPP with photocatalysis as a practicableegtyator removing Ckon a large
scale(Fuss et al., 2018; Minx et al., 2018). The types of reactors and the photocatalytic
were the critical factors affecting the photocaialyperformance of the systerfihe
honeycomb photocatalytic reactor (HPCR) havingrgelapecific surface area is an
efficient photocatalytic reactor. In addition, theernal flow field was rectified by
placing the HPCR within the collector (Zhang et 2022) Many laboratory tested for
CHas between 50 ppm and 1000 ppm demonstrated thedritgersion rate and product
selectivity were significantly improved by the atilohh of noble metals to the TiO
(Ahmed et al., 2022; Li, Y. et al., 2019; Li, Z. et al., 2019; Sekar et al., 2021). It was
important to mention that Ag/ZnO, which was a nquebtocatalyst, could be activated
by sunlight and it can convert GHvith a concentration of 50 ppm, to €@ 20 min.
The catalytic efficiency was even better with lowencentration (Chen et al., 2016).
Ming et al. (Ming et al., 2021b) conducted numdrigianulations to first study the
factors affecting the performance of the SCPP-HR@Rout considering the power
generation. The output power of the system carlbty estimated by converting the
3-D turbine to the surface of pressure drop (Pastolal., 2004). However, the real
fluid trace inside the system could not be simaaBuo et al. (Guo et al., 2014) more
precisely evaluated the performance of the SCP&ohgidering both the 3-D turbine
and the solar radiation model. For the SCPP-HPGR,nain performances of the
system are the degradation of atmospheria B\Hthe reactor and the turbine power
generation. Both could affect the flow of air iretsCPP-HPCR, and knowing the

relationship between them can significantly imprtwe system performance.
5



126

127

128

129

130

131

132
133
134

135

136

137

138

139

140

141

142

143

144

145

146

147

In this paper, a numerical model is first develofmestudy the overall performance
of the SCPP-HPCR considering 3-D turbine. The patars of the reactor including
the pore diameter, porosity, and operating conatiof the turbine are optimized. This
provides a reference for the future design and toectson of the SCPP-HPCR.
Furthermore, taking into account the gidmoval and renewable electricity generation,

the equivalent C®emission reduction of the SCPP-HPCR is discussed.

2. Computation model
2.1 Geometric model

The dimension of the geometric model match thahefSpanish prototype (Haaf,
W, 1984).The radius of the collector is 120 m, and its helgtearly varies from 2 m
at the entrance to 6 m at the bottom of the chimfey chimney has a radius of 5 m
and a height of 200 nThe CLARK-Y airfoil is used in the axial turbine,hich is
located at the bottom of the chimney at a height of above the ground (Tingzhen et
al., 2008), as shown in Fig. 1.

The starting of the HPCR is at 10 m from the ergaimside the canopy. The
reactor is made of perspex with good light transmis The P25 photocatalyst is
uniformly distributed on the inner wall of the hgmemb channel. Note that P25 is
selected due to the fact that it is cheap and estalnid it has a good film formation
property (Ma and Yang, 2010j.is more efficient to remove GHy increasing the
reactor length. However, the HPCR length is keptmtin this study, because a longer

reactor can diminish the ability of the ground bsarb solar energy.
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Fig. 1. Schematics of the geometrical model.

2.2 Numerical model

The Rayleigh numbeR(, = gﬁﬂ

) is a dimensionless number associated with

buoyancy-driven convection. The flow in the SCPPaRPIs fully turbulent due to

R, = 10'° (Tingzhen et al., 2006). The governing equatiomsduding the continuity,

momentum, energy, RN&e, and transport equations, are expressed as:

Continuity equation

olpuy) _
6xi

Momentum equation

6(puiuj) _ _ 6_p + a‘[i]'
ox p 0x; O0x;j

Energy equation

l]a

AopwT) _ 0 (,1 "T) Oui 4 BTGE

Oxj Oxj 6xj

Equation for the turbulent kinetic energy (k)
a
o (pku;) =

Equation for the energy dissipation (¢)

) ok
gj(akﬂeff gj) + Gy + Gy

Jax

—pe—VYy

1)

)

3)

(4)
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a d a 2
a_xl- (pew;) = a_x] (as.ueff a_xE]) + chlsi — Cyep % (5)
Component transport equation
V- (poY;) = =V ], + R +5; 6)

6ui au—j

where 7;; is the viscous shear stress;(= #( )), terr is the effective

ax]' 6xi

kinematic viscosity( uerr = u+p), Gy represents the generation of turbulence
o , —du;

kinetic energy (can be defined & = —puu; a—i{), a, and a, are the turbulent
Prandtl numbers fdkand ¢ (a, = a, = 1.3), C;, and C,, are two constants of the

turbulent mode{C;, = 1.44 and C,, = 1.92), ]_{ represents the diffusion flux of

species]f = —pD; » + R;), R; is the amount of componerit produced or consumed

in the reaction,S; is the additional rate, ant,, denotes the total dissipation rate due
to the variable dilatation incompressible turbukenc

The Multiple Reference Frame (MRF) model is usethtalel the turbine region.
It determines the velocity of the moving regiondnding the rotation velocity on the

original translational velocity. The velocity inghotational region is given by:
U =U—WXT (7)
The governing equations of flow in the MRF mode arodified as:

Continuity equation
V- (pv) =0 (8)
Momentum equation
V- (057 + pRBXTr + BXB XD +poXF =V (W) + S5 (9)
where ¥ is the absolute velocityiw is the angular velocity vector, and® is the
position vector.

The output powerH;) can be computed as:

Pt — 2nnM (10)

60

where n is the rotation speed and represents the total blade moments of the turbine.
The HPCR is simplified as a porous media. The guagrequations of the HPCR
region are expressed as:

Continuity equation:
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V-(ypv) =0 (11)
Momentum equation:

V- (ypv) = —=yVp(y7) + ypg + So (12)

where y is the porosity,T is the viscous stress tensor, afigl denotes the momentum
— (L5 501818
loss term (Sy = (Kv +3 plvlv)).
The permeability k) and inertia coefficient ) are respectively defined in

Equations (13) and (14) (Wang et al., 2014).

_Dp_¥?
~ 150 (1-y)2 (13)
_350-y)

C = P (14)

where D, is the pore diameter.
The oxidation rate of CHs given by (Haeger et al., 2004):
B]_C]_ 32C2

=p.-—1 %2 g5y (15)

Tin 14B1cq 14B2¢;

where r,,, is the reaction rate of GHbf the HPCR,c; and c, are respectively the
concentrations of CHand Q, B,B;, and B, are respectively equal to 5.87.07,
2.42, and 4.60, andSA is the specific surface area of the HPCSSA = 6(11)—;") )

(Ming et al., 2021Db).
The CH; removal performance of the SCPP-HPCR is evaludigdthe
photocatalytic efficiency (Equation (16)) and pigation rate (Equation (17)) of GH

€methane = ]1]_]2 X 100% (16)

1
Mmethane = Qm(My —my) (17)
where J; and J, are respectively the GHoncentrations at the inlet and outlet of the
reactor,m; and m, are respectively the mass fractions of4Gi the entrance and

exit, and Q,,, isthe mass flow rate of the SCPP-HPCR.

2.3 Boundary conditions

The SCPP-HPCR is powered by natural convectioredrlwy the solar radiation.
The boundary conditions for the collector inlet @htmney outlet are the pressure inlet
and outlet, respectivelfhe collector surface is a convective heat transtemdary,

9
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and the coefficient is related to the ambient wspdedThe coefficient can be set to a
constant value of 10 W/(#HK) while ignoring the ambient wind effect (Tingzherak,
2006).The surfaces of the chimney and turbine are ad@l@dte conversion of solar
radiation to heat flux of the ground is an econ@hand effective method (Tingzhen et
al., 2008). The conversion coefficient is relatedre location of the area, air quality,
and other factord-or example, the coefficient is 0.7 in a desemanthwest China,
which indicates that the ground heat flux is alnG®@ W/n¥, corresponding to a solar
radiation of 857 W/rh(Ming et al., 2012)The details of the boundary conditions are

presented in Table 1.
Table 1. Boundary conditions

Location Type Value

Inlet of SCPP-HPCR Pressure inlet p=0PaTlT=293K
Outlet of SCPP-HPCR Pressure outlet p=0Pa
Surface of ground Heat flux g =200 - 600 W/rh
Surface of canopy Convection T =293 K,h =10 W/(nf-K)
Surface of chimney Adiabatic q=0Wint
Turbine MRF

w =0~200 rpm
HPCR Porous media

2.4 Grid system and numerical procedure

The structured grid system has high better comiouiat stability and shorter
solution time. Structured grids are used for thelltomputational domain, except the
3-D turbine, whose structure is complex. Moreottes,local grids of blade surface and
HPCR region are densified to more correctly sineuthe mass transfer process. The

grid system as shown in Fig 2.

10
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242 Fig 2 Grid system of the SCPP-HPCR: (a) Front viewthe surface of Y =0 m
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and (b)grid distribution on the surface of the turbine.

The grid-independent is checked using three gradesys with grid numbers of
4,071,561, 3,112,516, and 2,316,1e average velocities of the outlet are 8.61,,8.27

and 8.01 m/s, respectively, unde= 857 W/nt and « = 100 rpm. The relative error

of the simulation results between different gridteyns is less than 3.94% this study,
the grid system with the number of 3,112,516 issaigred in the simulation.

The ANSYS FLUENT 19.0 software is used for the nuoa simulation. The
SIMPLE algorithm is used for the pressure—velociypling scheme. The PRESTO
divergence scheme is used in the pressure ternthangowind scheme is used in the
other terms. The calculation results converged whervariations of the concentration
of CHs and the velocity at the chimney outlet are less1t8.001, or the maximum

residuals of all the equations are less thah 10

2.5 Validation
The velocity of the chimney outlet and the photalic efficiency of CH are

compared with the data presented in the referedagg(et al., 2021b) to validate the
numerical model aG = 857 W/n{, w = 0 rpm, andy = 0.85. The obtained results

are presented in TablelRcan be seen that the velocity at the chimnelebuicreased
while the photocatalytic efficiency decreased witie increase of the pore diameter.
The maximum relative error for the chimney outlekoeity is 8.55% wheDp = 2 mm,
while the relative errors for other values®f are less than 4%. In fact, the study of
(Ming et al., 2021b) did not build the 3-D turbicgusing the grid discrepancy to be the
primary reason for the errdn general, the results of the numerical simulationthis

study are reasonable.

Table 2. Verification of the simulation results

Dateform reference
Simulation results Relative error (%)
(Ming et al., 2021b)

12
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Pore . Photocatalytic . Photocatalytic
Velocity Velocity Photocatalytic
diameter at outlet efficiency of at outlet efficiency of Velocity N
() (m/s) CH, (%) (m/s) CH, (%) efficiency
2 8.42 96.32 7.70 96.02 8.55 0.31
2.5 8.56 93.56 8.27 92.42 3.39 1.22
3 8.71 89.40 8.56 88.38 1.72 1.14
3.5 9.02 84.97 8.81 84.12 2.33 0.99
4 9.29 80.47 8.92 80.11 3.98 0.44

3. Reault and analysis

In this section, the influence of the pore sizetloe performance of the SCPP-
HPCR is first discussed for = 0.85.The porosity of HRCR is then optimized to the
equivalent CQ@ emissionFinally, the solar radiation data of Qianyanzhohin@, are
considered as example to estimate the €@ission reduction of the system for one

day.

3.1 Analysis of flow field

Most of the solar energy is locked in the colledtorair heating due to its one-
way-screen property (Ming et al., 201The heated airflow could form a density
difference with the ambient air, and be graduatijected at the bottom of the chimney
to develop a strong upward airflow due to the bunoyeeffect.

Fig. 3 shows the pressure distribution of the plainé = 0 m and Z = 1 nThere
are two main contributors of resistance while toe dir flow is moving. Firstly, the
porous structure can impede the passage of tHevaidenerating a pressure gradient
of roughly 93.3 Pa. Secondly, the airflow at thé&dm of the chimney converts its own
kinetic energy into mechanical energy, causingtthibine to rotate in to generate
electricity. The maximum pressure differential is almost 942a7 With a significant

positive pressure at the bottom and a negativespresbove the blade.

13
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296 Fig. 3. Contours of the pressure distribution &f pane aG = 857 W/n?, w = 100

297 rom, andDp =4 mm: (a) plane at Y = 0 m and (b) plane atZm.
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299 Fig. 4 shows the velocity distribution of the plasfeY =0 m and Z = 1 mThe
300 airflow enters at the entrance of the canopy antvemes towards the center with
301 increasing speedhe overall velocity is still modest (not exceedihg/s), while the
302 velocity at the edge of canopy is just 0.35 m/ghvai major increase only occurring
303 near the chimney bottoniihe airflow overcomes gravity and keeps going uplvedter
304 passing through the turbine, and the velocity gaslgualecreases. However, the velocity
305 of the air at the center of the wheel remains low.

306

Velocity (m/s)
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8.40
7.00
5.60

4.20

307
308 (a)
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Velocity (m/s)

1.99

1.82

1.66

1.49

1.00

0.84

0.67

0.51

309 0.35

310 (b)

311 Fig. 4. Contours of the velocity distribution oktplane aG = 857 W/nt, w =100

312 rom, andD, =4 mm: (a) plane at Y =0 m and (b) plane atZm.
313
314 Fig. 5 shows the CHlistribution of the plane of Y = 0 m and Z = 1 thenatural

315 convection pulls CH into the system at a concentration of 1.87 ppnmfrine
316 atmosphere, where it is continually degrading i® tHPCR along a distinct
317  concentration gradienthe CH, degradation process is confined in, relative éoplate
318 reactorMing et al., 2022; Xiong et al., 2022), and the distribution appears hierarchical.
319 The CH is evenly distributed and remained unchanged énsystem after passing

320 through the HPCRFor instance, the CiHtoncentration at the chimney outlet is 0.27
321 ppm and the photocatalytic efficiency is 85.56%sat 857 W/n?, w = 100 rpm, and

322 Dp=4mm.

323
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328  Fig. 5. Contours of the CHistribution of the plane & = 857 W/n%, w = 100 rpm,

329 and D, =4 mm: (a) plane atY =0 m and (b) plane atZm.
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3.2 Performance analysis of SCPP-HPCR

Fig. 6 shows the average velocity at the chimnejeburhe airflow resistance
through the turbine area increased as the turlpaedsincreased, so that more kinetic
energy of the air is transformed into mechanicakgy of the turbindn addition, when
the Dp of the honeycomb channel is small, the viscoustasce caused by the porous
medium can dramatically increase, and the chimnay \elocity can decrease.

According to the experimental data provided in HEtfaf, W., 1984), the exit velocity
of the chimney was 9 m/s with= 857 W/nt and «v = 100 rpmThe exit velocity loss

is 8.2% when a reaction zone® = 4 mm is within the canopy, while it is 15.7% for

Dp =2 mm.

S 5 S B N s s
: ; | ' | : ‘ |—=—Dp=4.0mm| |

: ! ‘ ! : ! : —&—Dp=3.5mm
90 T : _________ _________ --------- %m'"m;'—l—DP:3_0111111 T
Eﬂ—DP:Z.Smm 1

Dp=2.0mm| |

Average velocity at the chimney outlet (m/s)

0 20 40 60 80 100 120 140 160 180 200
Turbine speed (rpm)

Fig. 6. Average velocity at the chimney outlet undiéerent turbine speeds &t=

857 Winf.

The resistance of the turbine and reactor (Figa§)wvell as the turbine speed, are
the primary factors that affect the air flow insithe SCPP-HPCRNhen the turbine
speed increases, the pressure drop through thereaone constantly decreases, while
the pressure drop through the turbine increasegxassively high turbine speed can
lower the mass flow rate of the system, obstruéibar inside the canopy, and decrease

the pressure loss caused by the HPT#R latter is the primary source of internal
18



352

353

354

355

356

357
358

359

360

361

362

363

364

365

366

367

368

369

370

371

resistance when the turbine speed is low, bututsne area is the primary source at
high turbine speed-urthermore, the overall pressure loss inside tiséem is first

decreased and then increasBuk overall internal pressure loss of the SCPP-HRCR

minimized to 176.84 Pa f@ = 857 W/n%, «w = 80 rpm, andp = 2 mm.

260 ————————————1———————1——1—————— 200
r ‘ Turbine HPCR ‘ |
240 oo fTl—e—Dp=20mm| T —®— D,=2.0mm| " [

,,j,+DP=3'0 mm —®— Dp=3.0mm w 1 180

220 : ;
[—*—Dp=4.0mm — A= Dp=4.0mm|:

200 160

180

160 140

140 120

120

100 | 100

Pressure drop of turbine (Pa)
Pressure drop of HPCR (Pa)

80
L 80
60

ol it Y
0 20 40 60 80 100 120 140 160 180 200 220

Turbine speed (rpm)
Fig. 7. Pressure drop of the turbine and HPCR uddi@rent turbine speeds @t=
857 Winft.

The two performance criteria of the SCPP-HPCR éonaving atmospheric CH
are the photocatalytic efficiency and purificati@te, as shown in Fig. 8he former
describes the level of GHnolecule purification, while the latter calculatas amount
of CHs damaged by the systeiirhe photocatalytic efficiency of GHan be improved
by increasing the turbine speed or reducing thetoeaparticle size. However,
decreasing the mass flow rate of the system shagglyces the purification rat€he
photocatalytic performance of the system can beamcgd more by reducing the
particle size in the honeycomb channel than bydipgeup the turbineror instance,
the efficiency of the ClHphotocatalytic is boosted by roughly 20% whenhbgicle
size is decreased from 4 mm to 2 mm, but only by@8&n the turbine speed is

increased to 200 rprithe impact of the turbine speed on the photocatadticiency

19



372 becomes insignificant fddp < 3 mm.

373 Increasing the turbine speed can only slightly lothe purge rate of CHin the

374  case where the turbine speed is lAwnear relationship between the turbine speed and
375 the rate of purification can be observed when thibine speed is high. The primary
376  reason for the rate of purification decrease idake of mass flow rate brought by the
377 increased turbine spe€the curves of the purification rate of CHre pretty close for
378  reactors having particle diameters of 2.5 mm, 3 aimad, 3.5 mmAlthough the reactor
379  with a smaller particle size seems more effectiviewering the atmospheric GHhe

380 large pressure loss can undoubtedly have an adetfest on the overall performance

381  of the systemin addition, CH generally has a high photocatalytic efficiency Ber=

382 3 mm.
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Fig. 8. Degradation of CHunder different turbine speeds@t 857 W/nt: (a)
photocatalytic efficiency of CiHand (b)purification rate of Chl

The primary source of electricity for most courdrie still the thermal power
plants. Many pollutants are emitted during the mgrof fossil fuels, such as GO
which is released on 0.95 kg for 1 kW of producedrgy (Mittal et al., 2012)The
SCPP can produce up to 36 kW of power and it isra-energy zero-pollution power
source, which significantly reduces the £€@missions from thermal power plants
(Pasumarthi and Sherif, 1998).

The SCPP-HPCR is a GHegative emission technology able to face theatkm
change using C&£equivalentsCHs had 84 times the GWP of GOn a 20-year scale,
which showed that reducing 1 kg of €k comparable to reducing 84 kg of £0
(Jackson et al., 2019)he CQ emission reduction rate of the SCPP-HPCR can be

expressed as:

Coq = Mcu, X 84+ mlgy, — M2, (18)
where mcy, is the purification rate of CH rrilcoz is the reduction rate of GO

emission from coal-fired power station and nizco2 is the generation rate of GO

from photocatalytic Chl
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Fig. 9 shows the rate of G@mission reduction of SCPP-HPARcan be seen
thatthe rate of C@emission reduction increases and then decreaddteagnt reactor
particle diameters. The emission reduction rateedarly identical at lower turbine
speeds, mostly because generating electricity txotvines at lower speeds results in
less CQreductionThe peak C@reduction rate corresponds to a turbine speeddsstw
160 rpm and 180 rpm for different particle sizesadldition, the larger the particle size,

the greater the reduction rate.

——D,=4.0mm
_*—Dp=35mm
—A—Dp=30mm| A
—¥—D,=2.5mm ]
: | | | | | Dp=2.0mm —
P R TR TR SN S S S S

0 20 40 60 80 100 120 140 160 180 200

Rate of CO, emission reduction (kg/h)
=

Turbine speed (rpm)
Fig. 9. Rate of C@emission reduction under different turbine spesdds = 857
W/,

3.3 Optimization of the HPCR porosity

Porosity is another crucial factor that affected thverall performance of the
SCPP-HPCR. The highest photocatalytic efficienay urification rate are fdbp = 3
mm, as mentioned in section 3R2g. 10 shows the CHlistribution in the HPCR &

=857 W/nt, w =180 rpm, andD, =3 mm. It is less difficult for atmospheric ¢H

to enter the HPCR as the porosity of the reactoemses because of the greater airflow
resistanceThe length of the concentration gradient of <G the reactor expands as

the reactor's porosity, and the uniform concertrat the exit of the HPCR.
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Fig. 10. Contours of the CHlistribution in the HPCR & = 857 W/n%, w =

180 rpm, andD, =3 mm: (a)y =0.70, (b)y =0.75, (c)y =0.80, (d)y =0.85
and (e)y =0.90.

The impact of reactors with various porosities lo@ photocatalytic performance
of the system is studied Bb = 3 mm (Fig. 11)The HPCR with less porosity can have
higher the SSA and longer times for £te contact with the photocatalyst when the
particle diameter is kept constant. In additionjegrease in porosity can make the
porous media more viscous resistant, and imped#aiveof gas.The purification rate
peaks at a porosity of 0.85, while the photocai@lgtficiency decreases with the
increase in the porosity. The @Hphotocatalytic efficiency is 93.26% and the

purification rate is 0.55 g/s & = 857 W/n%, Dp = 3 mm, ang” = 0.85.
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Fig. 11. Influence of the porosity on the £#egradation performance of the SCPP-
HPCR atG = 857 W/n3.

3.4 Estimation of CO, emission reduction

Based on solar radiation data from July 24, 2016n@Vet al., 2021b), the
performance characteristics of the system for @yeofloperation were evaluated while
assuming that an SCPP-HPCR will be built in Qiamye, ChinaDp = 3 mm,y =
0.85, and a turbine at a constant speed of 18Garprohosen as the optimal parameters
of the SCPP-HPCRIen groups of the solar radiation from 7:00 am :@05m are
divided, and input parameters are establishedeaxhonr intervalsThe volumetric flow
rate, turbulent pressure drop, output power, and €fission reduction of the system
are presented in Table 3. The time-by-time photdgtit performance curves of the
system are shown in Fig. 12.

From 9:00 am until 3:00 pm, the solar radiatiomiigh (more than 700 W/
The solar radiation of a day first increased anehtllecreasedlhe rate of CQ@
reduction and the power generation of the turbioin Ipeaks during this time period.
The photocatalyst activity is fully stimulated doe the strong UV light in the
environment, and the photocatalytic efficiency amate of methane reaches their
maximum values during this perio875.52 kg of C@ and 2.38 kg of Cklcan be

mitigated by the system in one day of operation.
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460

461 Table 3. Performance parameters of the SCPP-HPCRlgr24, 2016 in
462 Qianyanzhou, China.
Time Solar Volume Pressure Output CO.

radiation flow rate of  drop of power (kW) emission

(W/m?)  the system turbine (Pa) reduction
(m3s) (kg/h)
7:00-8:00 270 323.98 102.99 8.89 8.46
8:00-9:00 474 416.42 126.41 25.39 24.14
9:00-10:00 715.3 501.12 146.45 43.29 41.15
10:00-11:00 837.5 537.99 154.84 51.86 49.29
11:00-12:00 892.8 555.37 158.82 56.07 53.29
12:00-13:00 884.7 551.57 157.92 55.15 52.41
13:00-14:00 889.2 552.79 158.28 55.45 52.70
14:00-15:00 716.1 501.27 146.50 43.33 41.19
15:00-16:00 607.2 465.49 138.16 35.44 33.68
16:00-17:00 407.5 388.93 119.83 20.21 19.21
463
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As a massive energy storage layer, the soil cangart of the solar energy into
internal energy at day and release thermal endrgygat to heat the air inside the
collector, creating a steady thermal airflow andhieming all-weather intermittent
power generation (Guo et al., 20I6e HPCR cannot perform well due to the lack of
the UV light at nightThe capacity of the system to reduce>€@én be further improved
if an appropriate UV light source system is condted around the HPCR (Wang et al.,
2014).

4. Discussion

The high construction costs are still a concetpeteonsidered even though SCPP-
HPCR can remove atmospheric £While simultaneously producing electricityhe
SCPP building cost is around $1.25 million in tlesett, the Gobi, and other regions
where lands are cheap (Abdelsalam et al., 20P®. original investment can be
returned after 15 years of operation owing to tkeegating power of the system
(Kratzig, 2013). SCPP is a long-term investment thid yield off with an expected
lifespan of 80 years (Harte et al., 2018has the advantages of a simple structure and
low maintenance.n comparison to other methods currently used tomore
atmospheric Ck such as photocatalysis, thermal catalysis, @eatalysis, etc., a
large and continuous amount of energy must be coedun to achieve the appropriate
reaction conditions and provide steady airflow (SBlah et al., 20205CPP-HPCR
forms a steady air streato degrade atmospheric GHby the HPCR and create
economic value by the turbine power generation wihenergy usagén the future,

highly selective photocatalysts can be used to venather atmospheric pollutants.

5. Conclusion

As a novel negative emission technology, the SCPPEIRIcan effectively reduce
the atmospheric Citoncentration, ultimately alleviating the globanming effect. In
this paperthe CH, degradation and electricity generation performanicthe SCPP-
HPCR are studied based on a 3-D numerical model.ifipact of the system on the

environment is evaluated by the €@quivalent. The following conclusions can be
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drawn.

(1) The HPCR and the turbine area are the primawyces of internal resistance
for low and high turbine speeds, respectively. dterall internal pressure loss of the
SCPP-HPCR is minimized to 176.84 Pa@®r 857 W/n%, » = 80 rpm, andp = 2
mm.

(2) The photocatalytic efficiency of Gidan be enhanced by increasing the turbine
speed or decreasing tBe of the reactor. However, the latter can improweedfiiciency
more than the former.

(3) 375.52 kg of C@and 2.38 kg of Cklcan be mitigated by an SCPP-HPCP
system built in Qianyanzhou, China, in one dayDer= 3 mm,» = 0.85, andw =

180 rpm.
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