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Abstract Recently, the market of energy prosumer has increased as the Korean government is promoting
renewable energy policy and 2030 spreading strategy of the new energy industry. The power trading
methods for energy prosumers are net metering, brokerage, and peer-to-peer. The net metering method
calculates the electricity bill with the difference between consumed power and the self-generated power
by energy prosumer. The energy prosumer uses the brokerage trading method to sell the generated
power through an intermediary agency. The peer-to-peer trading method sells the generated power
directly to the adjacent customers with a larger cumulated electricity bill. However, it is difficult to
ensure the economic feasibility of energy prosumer due to the decrease in REC (renewable energy
certificates) pricing and the weighting factor in REC for the ESS with PV system. Therefore, to enhance
the economic feasibility of energy prosumer who operates the ESS and PV system, this paper presents
an operation strategy for energy prosumer and proposes an economic evaluation modeling based on the
trading methods. Simulation of economic evaluation for energy prosumer using the present worth and
equal-principal cost repayment methods and based on the proposed modeling and operation strategy of
energy prosumer was performed as part of the study. It is confirmed from the simulation results that
the peer-to-peer trading method is the most economical one and that the benefit of energy prosumer
increased along with the capacity of PV systems.

Keywords : Energy Prosumer, Power Trading, Economical Evaluation, Safety Battery Management Device,
ESS, PV System, Etc.
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Fig. 1. Concept of power trading of energy prosumer
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Fig. 2. Proposed operation strategy of energy prosumer
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BAH7IE Slgh w83t Hel9] 8= ulFof WAy
S 7 EA, A9 7HX 2 FHilsto] rtsjof gttt
webA], & =RolAE Eq. (DT Zol, wle] 7HA]] o
sto] EleS 2835 AA7HA] iPH(present worth
method)}& o|-8ste] |83} WA QAE AMFg3Itt.

n

C;)w = Z

i=1

C}low (Z)

(1+4)

M

where, C,' present value cost(won), G, (i):

cash flow of i year(won), d : discount rate(%), i
target year for economic evaluation, n: unit
period of year(15 years)
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3.2 H| ==
(1) Z4uI8
7Adul8-2 HegYal BSS, SBMD(safety battery
management device)g AA|st=t AQF= & HlE
< 45, Eq. ()9 2ol AADTHY/ kW)L AlAAgo)
uA kW) Foto] ARt o714, SBMD=

g
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Fig. 59} #o], 7]&9 BMS(battery management
system)@t AABI] A ofufx] WY, QIIEA
(off-gas)E Asto] HiE|ZE HEoH= AR olH9l.

Con = Crr Qv+ (Cosst Capp) - Qs ()

where, C,,,: total construction cost(won), Cpy-
construction cost of PV system(won/kW), Qp:
capacity of PV system(kW), Cje construction
cost of ESS(won/kWh), Cgpp: construction cost

of SBMD(won/kWh), Qg capacity of ESS(kWh)

BMS
(monitoring & control)

SBMD

1,

T

Fig. 3. Concept of SBMD for energy prosumer
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HAYshe Hl8C2A, Eq. 3)3 #o] 27] AU
44 HlE= Foto] ARt

q’[’” :i; Qrm (’L) Roper (3)

C

where, C,, ' total operation cost(won), R,,,:

rate of operation and construction cost(%)
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i=1j=
B@]er = Z Z ((PPV‘(:onsum ) ! C:’lm:(i’j)) (4)

e where, Bpp: benefit of peer to peer trading
where, B,. benefit of electricity bill(won), metl.lod(won), Elipyy' pricing unit of peer to peer
Pryonsum (b3): self-consumed PV output for trading method(won/kWh)
monthkWh), C,.G5): kWh bill(won/kWh), j: S ESSOl E-uo] ol Wax7 Hele WA
targ'et m;)nth of economic evaluation, m: unit o] 7hs0] wat ]ij A2 go] 5120z olste] ut
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of
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for month(kWh), C,.(i.5): kWh billlwon/kWh)

where, benefit net metering

method(won), Ppy. s (55):

S, F7AAR Al Wl Bogasl el
<ol sl MelF 237 REC 8302 T4, Eq.
(93 o] REC 830 Sjopgiele] 715418 3 ¢
3} A% WA 7HAe Fote] Bergaslel gl W
o Fsto] A

=

= Z Z ERpp ! (i,§)- WF+ ER&Z\/]?(’:J))’ Pmim,nm('ﬁj) (6)

where, B, : benefit of brokerage trading method
(won), ERy.-(i.j): pricing of REC(won/kWh), WF:

weighting factor of REC in PV system, ERq,p(ij):
pricing of SMP(won/kWh)

621

B, benefit of peak shaving(won),
(i,5): electricity  bill(won/kW),

Prggpear: amount of peak shaving power(kW)
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o, ESS 2L 50kWhz APYsla, e1d349 9 ESS
of digt Axulg2 ZHzt 1,300(Y/kW), 7001
[kWh)& ZA-83te} of7]A, X882 1549 &<t 9=
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Table 1. Simulation conditions of economic evaluation 7 | 6,000 1,868 2,615 10,483 7,603
8 6,000 1,661 2,678 10,339 7,108
parameters contents 6.000 1453 2.744 10.197 6.644
50
capacity of PV systemlkW] 10| 6000 | 1246 2810 | 10056 | 6211
100 11| 6,000 1,038 1,746 8.784 5,142
capacity of ESS[kW/kWh] 20/50 12| 6,000 830 1,788 8,619 4,783
construction cost of PV system 1 13| 6,000 623 1,828 8,450 4,445
.300
[thousand won/kW] 14| 6,000 415 1,868 8,283 4,129
construction cost of ESS 15| 6,000 208 1,909 8,116 3,835
[thousand won/kWh] 700
thousand won, totall 90,000 | 24,912 34,386 149,298 | 107,968
construction cost of SBMD 70
[thousand won/kWh]
period of repaymentlyear] 15 Table 3. Benefit characteristics with 50kW PV system
rate of op.eration and 2319 present value
construction cost[%] (thousand wor]
discount rate[%] 5.5 year - -
net metering brokerage trading peer to peer
interest rate[%] 3.46 trading method method trading method
pricing of SMP[won/kWh] 68.52 1 5,628 8,081 14,767
pricing of REClwon/kWh] 42.27 2 5,335 7,660 13,997
weight factor of REC for PV system 1.2 3 5,057 7,260 13,267
4 4,793 6,882 12,576
5 4,543 6,523 11,920
42 SBTEIS TR O|LIK| DRAMO| ZMEEIL o | 4w 6153 11299
7 4,082 5,861 10,710
4.2.1 EYETIH 80| 50kWel AL 8 3,869 5,555 10,151
4189 FAWE 207 A e eSS o 0 | 560 5.266 0622
- 10 3,476 4,991 9,120
Zo =, 50kwo] B¢ ALY 50kWhe] ESSE -85t T 3.295 4731 8,645
< oUA Z24m9] Hl-E-S AMJSHH Table 29 Zth 12 3,123 4,484 8,194
o ;oS Zol, FAUIBS) I oY, o 13| 290 4250 1.767
- 5 14 2,806 4,029 7,362
oF 2z suiullo] AMYE|Y, 28H|-8L2 oF 3 4uliule
= %“!L—‘E—_] OQ s (o] ]f) = 3 g R SACE 15 2.660 3.819 6.978
o] Ayste], A H-8-2 <F 19 44 owutelo] AYH total 59.599 85.575 156,376

o E3h o] AAMlE=

A2 SarslE, oF 19] 8

wjgkelo] v go] WA & 4 rt.

=

Aejatale) Wele @AAIAZ oF

40] Hole oF 19] 5

)

4 Gugtelo]

2 T A
o, 24| HEAE Table 33 Zo], A
6Rko] A=
SHAAGA Q] HeJ 2 oF 83 5¥iRte, o] 3 AT

Ak,

e &

U,
e

Table 2. Cost characteristics with 50kW PV system

construction cost |sheration costftotal cost piilsjst
year| [thousand wonl [thousand |lthousand| N
[thousand
won] won]
won]
principal | interest
1 6,000 3,114 2,250 11,364 11,364
2 6,000 2,906 2,308 11,215 10,630
3 6,000 2,699 2,368 11,067 9,943
4 6,000 2,491 2,429 10,921 9,300
5 6,000 2,284 2,492 10,776 8,698
6 6,000 2,076 2,553 10,629 8,133

o]
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4.2.2 EYZTA 80| 100kwel &2

4.149] AA3H7t 2743 ARlols 8-S |
2o, 100kWe] sjFgdd% 50kWhe] ESSE &
Sk oA ZRLm 0] Hl-8-Z APgSHH Table 49 2
t}. o] ;ojjxjet Zol], AMH8L] Ya-2 19 54 Wyt
9, oAz 9F 44 2uigtelo] AP 1, 8H|-§2 oF
64 1uigkelo] Mgste], A H]-8-2 oF 29 57 6uRt
o] AYHE L}, ESH o] AAM8-S A7 Z Fhile}
9, oF 19 84 5uigkelo] Hlgo] WS & & Sith

SHH, 259 HelEAd2 Table 59+ Zol, A
Adae] Hole FA7IXZ oF 19 19jghelo] A
3, /A EA ] |2 oF 19 64 29, o] 7t
AeferA] o] Wel2 oF 39] 5HTo] WAYTS o 4= 9

o,
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Table 4. Cost characteristics with 100kW PV system UXE 71&0& 77} 53.5%, 77.06%% AFgEo], Q]
o] M|t Zoba ZFA/go] YA, o]k 7+ A
C[(zﬁzttjz:;lc(ijr;/gi]st loperation costjtotal cost| p‘l;:fjem H}MJ B/C ratiox 140. SG%E ﬂ'@ﬂq 7=]Zﬂ/\é O] 9\11
veu thousand fthowsand fhousand & & 4 94T, B/C ratio”}t 1091 100%E 27k
principal | interest won] glo] &ojQjo] TAYSI= AL & 4 AUt ESH Fig. 4=
1| 10200 | 5294 3,825 19319 | 19319 Table 69] B/C ratio® £4& Id=Z=2 Yepdl Qo
2 10,200 4,941 3,924 19,065 18,071 a Fig. 494 ‘2“’8. @, ®, ©= ZJ"Z_I]' *J’ﬁ]ﬂaﬂ]ﬂ'é}, %7]1
oz [ | it [isses [ issw AL ol% 2 AR B/C ratioR Hehack
5 10,200 3,882 4,237 18,319 14,787
6 | 10200 3.529 4,340 18,069 13.825 Table 6. B/C ratio characteristics with 50kW PV system
7 10,200 3,176 4,445 17,822 12,925
8 | 10,200 2,823 4,553 17,577 12,083 B/C ratio [%]
2 10.200 2470 4.664 17334 11295 year net metering brokerage trading peer to peer
10] 10,200 2,118 4777 17,095 10,558 trading method method trading method
11 10,200 1,765 3,492 15,457 9,049 1 5.05 7.8 13.25
12| 10,200 1,412 3,577 15,189 8,428 2 9.84 14.17 25.82
13| 10,200 1,059 3,655 14,914 7,844 3 14.38 2071 37.73
14| 10,200 706 3,735 14,641 7,299 4 18.68 26.91 49.02
15| 10,200 353 3,817 14,370 6,791 5 2276 3278 5972
total 153,000 | 42,350 61,198 256,548 | 184,989 5 26.62 38.35 69.86
7 30.29 43.63 79.47
Table 5. Benefit characteristics with 100kW PV system 8 33.76 48.63 88.58
9 37.05 53.37 97.22
present value 10 40.17 57.87 105.41
year [thousand won] 11 43.13 62.13 113.17
net metering brokerage trading peer to peer 12 45.93 66.17 120.52
trading method method trading method 13 48.59 70.00 127.49
1 9,539 15,415 33,036 14 51.11 73.62 134.10
2 9,041 14,611 31,314 15 53.50 77.06 140.36
3 8,570 13,850 29,682
4 8,123 13,128 28,134 ©
5 7,700 12,443 26,668 i
6 7,208 11,795 25,277
7 6,918 11,180 23,960 100%
8 6,557 10,597 22,710 5 8000 . ®
9 6,215 10,044 21,527 B o =
10 5,891 9,521 20,404
11 5,584 9,024 19,341 e
12 5,293 8,554 18,332 2000
13 5,017 8,108 17377
14 4,756 7,685 16,471 t 2 ¢ 2 6 ;/MT{‘(U; 10 M a8 2
15 4,508 7,285 15,612
total 101,011 163,239 349.845 Fig. 4. B/C ratio characteristics with 50kW PV system
4 2 3 E_E_ f:"_.l:l__ able 7—9‘ 1001{\5(/4 EHOJ:"J-FQ ‘]:‘7’]' SOkWhQ’]
= 5] J_—_ 1= it Holy}l B8 9|
Table 62 50kW9] B¥3H L7} 50kWho] ESSE Eise I%;’*;E}Lfigj Wo:lii d;;ﬂ%ﬁim i
283t ol magele) WMol wgel ot Bic o oo Do 2O T

ratio(benefit-cost ratio)s& UERA Ao|c} of7|A], A
AAH T 0= HHEAH ] FHofoh= F-}t F/HA L
Ao g AHPAH Fofsl= B9 B/C ratios FHE
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AAH ol ook A<} S/AHT2 o0& AgAH
o] Zofsk= 499 B/C ratios HFUEE 7|1&02
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Zhobx] ZA/do] YA, o2 7+ A 4|9 B/C ratio
£ 189.12%& AMg=E0], ARl UL & 4 A,
B/C ratioZ} 79REE 100%E ZI}sto] £o]2o] dF
Asl= AL & 4 ot E3E Fig. 5= Table 79] B/C
ratio®] EAL 1dZ8 YEd ACF Fig 59 A
@, ®, ©= I GAANLA, SAAHFA], o] 7t
A419] B/C ratioS LERATE

g, 50kWe] EHYRAEE AHAshs ASET
100kWe] BjggAYS AX ok A%, AAAHT2
B/C ratio® 1.1%, /WA HA2 11.18%, ol %t
AL 48.76% S7Foto], £ =FollA Aokt &
Ako] aTHAS & 4 Jlom, o] 7+ AHAlo] =
FAY 879 STt wet 7MY B2 WOl gHd

2~ 0] 9O o} &~ O
T e & 5 Sl

Table 7. B/C ratio characteristics with 100kW PV

system
year
year net metering brokerage trading peer to peer
trading method method trading method
1 5.16 8.33 17.86
2 10.04 16.23 34.79
3 14.68 23.72 50.83
4 19.07 30.81 66.04
5 23.23 37.54 80.46
6 27.18 43.92 94.12
7 30.91 49.96 107.07
8 34.46 55.69 119.35
9 37.82 61.12 130.99
10 41.00 66.26 142.02
11 44.02 71.14 152.47
12 46.88 75.77 162.38
13 49.60 80.15 171.77
14 52.17 84.30 180.68
15 54.60 88.24 189.12
200.00
o ©
£100%
E — ®

1 2 3 4 s & 7 8 9

10 1 12 13 14 15

Evaluation Periods (year)

Fig. 5. B/C ratio characteristics with 100kW PV system
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5. 22

& =rolMe HEFALT ESSE 285k oA
o] disto] HdiRte] FAYES Es] ¢t 2
SAFZ AAISHL o] 8T vigoR AN
Aof| w2t ZAgH 7 BlEE Rt oo gt &
8 A7AINE vediE o2t Ao

(1) 50kWe] BjFgH b} 50kWhe] ESSE -8dh=
oz mafmo] tiste], AJAAHRTA o A
Aol Fofshe Fet SAAN LA o= M
Aol Fojsh= 399 B/C ratiox HFUE
£ 71&20=2 ZH7F 53.5%, 77.06%% APEE0], H
oJo] Ax|u|-gHrt Zoba] FAAdo] AT, o]
7t A H49] B/C ratio= 140.36%Z APYE|
o], BAIdol IS & 4= 1, B/C ratio”} 10
URRE 100%5 Z3Foto] <=o|2jo] WS &
4 it
100kWe] B3 ex} 50kWhe] ESSE 285
£ olvA Za2Fmo] diste, AdAAHR LA o=
A Aol Foloh= A2t SMARTA R A
Ao Folske 492 B/C ratiow= HFd
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