Transactions of the Korean Nuclear Society Soring Meeting
Jeju, Korea, May 23-24, 2019

Energy Share Optimization of Concentrated Solar Power and Nuclear Hybrid System

In Woo Sof, Jin young He®) Jeong Ik Le®
@Dept. Nuclear & Quantum Eng., KAIST, 373-1, Guseong-dong, Yuseong-gu, Dagjeon, 305-701, Republic of Korea

Email: siw4139@kaist.ac.kr, jyh9090@gmail.com, /eongiklee@kaist.ac.kr
1. Introduction 2. Methods and Results

Small Modular Reactor (SMR) has many advantages, 2-1 Selection of the target region
for example, flexibility of the construction, congiaess

in footprint and application for a distributed pawat The required solar field area for CSP and TES dgpac
the same time, a supercritical ©(3-CQ) Braytoncycle ~ vary depending on how much CSP can generate at the
is in the spotlight due to the relatively high eifincy at  target region for the same electricity demand. &tuee,
moderate heat source temperature (500-600°C) ancdong-term trends of more than 10 years data ofrsola
Compact Components [1] To Coup|e these two radiation and sunshine hours should be first re@d?[&]
technologies, KAIST research team developed a small

modular reactor named KAIST MMR (Micro Modular South Korea data for sunshine hours and solar
reactor), using the merits of S_@Brayton Cyc|e and radiation is first reviewed. It is also selectesl @n
SMR (Small Modular Reactor) [2]. example of mid - latitude area where HMMR can be

Recenﬂy,renewab]e energy is also expanding in the installed. FUrthermOfe, the region with the hlghest
energy market due to growing interest in the need t potential for CSP development was chosen withineldor
reduce CQ emissions for addressing global warming by referring to the data of Korea Meteorologicalefgy
issue. However, renewable energy sources always[4]. As a result, considering the sunshine hours ttue
require a backup power System to overcome thedally normal irradiation, it was confirmed thatjﬂlirarea
intermittency issue. Therefore, KAIST research téaam IS the best areas for CSP development in Korea.
now developing KAIST-HMMR (Hybrid Micro

Modular Reactor), a new convergence system that2.2 Demand curve prediction
combines KAIST-MMR with CSP (Concentrated Solar

Power) to cover the electricity demand successfuiti To model hourly electricity demand, the electricity
non-carbon emitting energy sources. The CSP systendemand can be approximated with the Gaussian
uses a mirror or lens to focus |arge area of thdigi‘lll to distribution. The maXimUm, minimum, average values
generate solar energy. and standard deviation can be adjusted for the limade
purpose. The Gaussian distribution for demand nioglel
* CSP is as follows, wher is the mean valu; is the standard
variation.
ua (| ww ( \ x—p)2
5 L 4 8]  demand 2mo?
To determine the coefficient, first, the minimundan
‘ i o the maximum values of the original hourly electsici
)\ NN demand is obtained, and each value is selecteatisfys

the base and the peak modeled electricity demaimchwh

_ . the electricity demand was approximated with the
Figure 1. Concept of the Hybrid MMR(KAIST-HMMR) Gaussian distribution. Second, an average of tiginat
electricity demand values is used as for the matdele

The HMMR enables more flexible and efficient gjactricity demand. Third, the standard deviatioasw
production and supply of energy in accordance Wit caicylated using equation (2) to make a Gaussian

demand of electric power through the hybrid system. gistribution shape while maintaining the maximund an

Load-following operation is easy to perform dud'®S  {he minimum values of the original electricity derda
(Thermal energy storage). The TES is added to the

HMMR to compensate for the intermittency of the CSP oo = —_tea=eds 2)

while satisfying the electric power demand of thegét ed = Vam(edp-edy)

region. In this study, the optimization of Nucl¢siMR)

power to CSP ratio is first discussed. This isdiattd by ~ where o4 is the standard variation of the modeled

determining the capacity of TES for the candidatgon.  electricity demandyq is the mean value of the modeled
electricity demand which is the same value of ttgitaal
electricity demanded,;, anded, mean the base and peak
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modeled electricity demand respectively. Finallye t To obtain the output of the CSP, the value of tinecd
obtained electricity demand is expressed by thek pea normal Irradiation (DNI) should be obtained andsit

time of the original electricity demant,,. calculated by the hourly beam irradiation of thgioae.
Therefore, in order to obtain a theoretical redalt
(v-pe-29)" obtaining the hourly beam irradiatior(l,) ,
For0 <x <t,, f(x) = LC x Lo % (3) KAIST_HMD code was developed by the following
2708 method suggested in Ref. [5]. To calculate beam
_G=po)? irradiation per hour, it is necessary to obtain thial

1

Fort, < x < 24,f(x) = LC x e *a (4  daily irradiation H).
2ma?,

LC = Local population
National population

X (eq — €dp) X 24 (%) The daily total irradiatior(H) has the following
relationship and can be obtained by inputting &tieude

In Korea, the original electricity demand can be of the region and the monthly average extrateiiggstr

obtained from the KPX site. Therefore, the average Ifadiatior (Ho) of the region, wherKy is the clearness
electricity demand in Korea can be calculated, ted ~ INdex.
average electricity demand in Jinju was obtained by
multiplying ratio of Jinju city population to Soukorea
population. The average electricity demand in the ] ) ) o o
Gaussian distribution is shown in the followinguig Second, the daily diffuse irradiati (Hy) which is
and the area under the graph is integrated to leacthe calculated as follows should be obtained, whr,és the
required daily electricity demand of the regiomjdihas ~ Sunset hour angle

a daily electricity demandEfnqnq) Of 9514 MWh of
electricity.

H = K7 H, (6)

For wg < 81.4° If Ky < 0.715,

Tablel. The value of the demand curve with gaussian Hq =1-0.2727Ky + 2.4495K% — 11.951K3 + 9.3879K#
distribution for Jinju H

else, =%=0.143 @)
Jinju
edp,(MWo) 355.36 ; For wg > 81.4°If K < 0.715,
ed,(MWe) 431.34 ?d =1+ 0.2832K; — 2.5557K% + 0.8448K3
Hed(MWe) 399.26 else, 24=0.175 (8)
Oed 32.65 H
pe(hour) 17 The ratio of the total daily irradiation to theabtaily
irradiation(r,) and the ratio of daily to total daily
Modeled average electricity demand (Jinju) irradiation and the ratio of hourly diffuse to dadliffuse
460 irradiation r,;) can be obtained as follovw.is the hour
g’ 450 angle of the sun.
440
430
= \
E :fg ,/ \\ o I (%)[a+bcos(w)][cos(w)—cos(ws)] ©
8 / CH T [ointey ]
% 232 \\ ‘// oo la _ (%)[cos(w)—cos(ws)] (10)
5 360 pd d Hg [Sin(ws)_w]
= 350 180
i}
340
o0 The hourly diffuse irradiation I;) and the hourly
0 4 s 16 20 24 global irradiation I) can be obtained from the above.
Time(hour) The hourly beam irradiationl,) is calculated by the
Figure 2. Average electricity demand approximatethw  following equation. Therefore, the beam irradiation
gaussian distribution — time graph for Jinju amount per hour for one year is calculated as shown

the following figure.
2.3 DNI calculation
I,=1-1, (11)

Based on the electricity demand model, base
electricity demand and peak electricity demand were
obtained. Since the design of HMMR uses nucleargoow
as a base heat source with constant heat outgubathe
electricity demand is assumed to all nuclear power.
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DNI-Time graph(Jinju)
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Figure 3. DNI -Time graph (Jinju)
2.4 Optimized Nuclear and CSP Contribution

It is important to determine the ratio of the nacle
power and CSP in order to effectively meet thearai
demand. In this study, the minimum value of eledtiyi
demand will be covered by nuclear power and theroth
electricity demand will be covered by CSP. Therefor
the electricity demand for CSP and TES is calcdlai®
follows.

Edemana,csp = Et — Epase (12)
WhereEjemana,csp = €lectricity demand covered by the
CSP per day (MWh), = total electricity demand per

day (MWh) andE, .. = electricity demand covered by
the MMR per day (MWh).

Therefore, the ratio of CSP and MMR in the selected

region is as follows, anfl;yy= CSP / MMR can be
calculated.

Table 2. Electricity demand of the CSP, MMR and Ratio
CSP and MMR for Jinju

Jinju Electricity demand (MWh)
CSF 985.2:
MMR 8528.¢
Reum 12%

2.5 Solar heat and required area

The hourly heat output of CSQ.sp) can be obtained
by hourly beam irradiation and the following forraul

Qcsp = Ip X Asf X Ngp X Npee X (1 — nparastic) (13)

The daily electricity demand covered by CSP for
region(Egemana,csp) and the hourly heat output have the

following relationship and it is possible to calatd the
required area of CSP.

Egemana,csp = f Qcsp dt X Npiping X Nstorage X Ncycle (14)
The above equation can be changed as follows.
Epemand,csp = Nsotar X Pponr X Ast (15)

24
Where Ppy; = fo Iydt , MNsotar = NHF X Mrec X Npiping X
Nstorage X Ncycle X (1 - nparastic)

Each of the above efficienc(n) can be obtained by
referring to the following reference.

Table 3. The overall efficiency of the solar comgon

Component Efficiency Ref
Solar field Gyg) 48-50% 6]
TES (r]storage) >99% [6]
Power block {cycie) ~40% 6]
Receiver ) ec) <<1% [5]
Piping (qpiping) <1% [5]
Parastidmparastic) ~10% (maximum) 7]

Based on the above tabfy,,;,- was determined to be
17%. Therefore, iPpy, is calculated by integrating,,
required area to generate the solar pg#igs) can be
calculated.

Table 4 The daily electricity demand covered by CSP and
requiredsolar area for only CSP and HMMR for Jinju

Jinju Only CSF CSP+MMR (HMMR
Epemand,csp (MWh) 9514 985.21
Agr (m?) 9.23 x 108 9.56 x 107

2.6 TES Thermal Szing

Since the required electricity demand of CSP is
calculated, the output of CSP graph can be obtdiyed
using the previously calculated distributionipbecause
and, Ay4 are fixed constants. Therefore, the HMMR
graph can be obtained as follows using the modeled
electricity demand. The graph is shown for the azse
CSP Only for the comparison between the hybridesyst
and the conventional CSP only system.



Transactions of the Korean Nuclear Society Soring Meeting
Jeju, Korea, May 23-24, 2019

Electricity demand vs CSP Only power (Jinju) In this study, the ratio of nuclear power to CSH #ire
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Figure 4. Electricity demand vs CSP Only power grgjahiu)
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Figure 5. Electricity demand vs HMMR power grapmjid)
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required TES capacity for CSP Only and HMMR were
calculated respectively. In Jinju city, the optimuatio

of nuclear power to CSP was 1: 0.12. Regarding TES
capacity, CSP Only requires 2250MWh while HMMR
requires 439.86MWh, respectively in Jinju City.
Therefore, it is confirmed that the TES capacity of
HMMR is 5.11 times smaller than that of CSP Onty. |
addition, the solar reflector area of CSP is redune10
times for HMMR As a result, when HMMR is used in
comparison with the case of CSP Only case, theaa is
advantage in terms of cost by reducing required &oe
generate the solar power and TES capacity size, Als
can be seen that the power can be adjusted flexibly
according to the power demand of the region ratteam
using only nuclear power.

Further studies will explore how the results obddin
in the mid-latitude region will be compared to thos
obtained in the vicinity of the equator. DesignT&S,
heat integration of nuclear and CSP, and powerecycl
optimization will be performed as the next reseatelp.
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CSP Only 2.25 x 103
HMMR 439.86

3. Conclusions





