ISSN 1738-3935 (Print)

New & Renewable Energy ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2022.0011

SHETX| fSEEe A2 d371 R&D
B2aj0f| C

=
N
Rl
o
I
J"‘O
g0
-

Jong—Deuk Ahn™" . Kwan—-Young Lee” - Seok—-Ho Seo”

Received 12 March 2022 Revised 16 March 2022 Accepted 24 March 2022 Published online 21 April 2022

ABSTRACT Considering the recent substantial increase in national research and development (R&D) budgets in the energy sector
there has been increased Interest in the effectiveness of government R&D investments. We conducted a case study to calculate the
allowable scale and effectiveness of R&D investment by calculating the direct performance improvement effect resulting from R&D
investment as an economic value. Using conditions that existed prior to R&D investments as a reference, five cases in which
performance improved due to R&D investments were compared and analyzed. The government’s financial investment is increasing
rapidly in line with the establishment of the national hydrogen roadmap. R&D is needed to enhance the current low technology
readiness level of hydrogen fuel cells compared to solar and wind energy fields. Therefore, an R&D project to improve the
performance of the fuel cell system was selected as this case study’s subject. Using the results in this study, the allowable level of
investment in the task unit of national R&D projects could be calculated. Moreover, it is advisable to provide a standard for rational
decision making for new R&D investments since it is possible to determine investment priorities among a large number of candidates.

Key words National R&D(=17}1 7712, R&D Investment(R&D 21), Effectiveness(f 7}4]), Trigeneration system(4}H2< ¥
A 2 ), Fuel Cell(9 &2 A])

Nomenclature C :cost

TGEN : tri-generation system - number of TGEN

r :discount rate
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LHV :lower heating value

COP : coefficient of performance
PUE : power usage effectiveness
IT : information technology

HVAC:: heating, ventilation, and air conditioning

Subscript
H» : hydrogen
FC : fuel cell
max ! maximun
mtn : maintenance
ABS : absorption chiller
load : electric load

g—1 : grid to load
cool, load : cooling load

elec : electricity
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Fig. 1. Schematic diagram
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Table 1. Monthly power consumption of the data center?”!
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Table 2. Electricity and cooling load of the data center?”!

Month suanquit)ion T, HVAC,,, PUE e Electricity load (kWe) | Cooling load (kWth)
(kWh) (kwh) Value | Date and time | Value | Date and time
1 1,805,440 1,228,012 577,428 | 1,470 v Lond | 1306 (May 7th) o (March 7th)
2 1,621,525 1,114,501 507,024 | 1455 1. od ' 06:00, 22:00 | 6:00, 22:00
3 1,724,211 1,176,624 547,588 | 1,465 Avg. Load | 1,623 - 3,124 -
4 1,796,244 1,226,615 569,629 | 1,464
,796, ,226, , . Max, Load | 1,863 (July'24th) 4,357 (July.24th)
5 1,765,590 1,129,218 636,372 1.564 18:00 19:00
6 1,791,649 1,144,928 646,721 1.565 Difference
7 2,096,640 | 1290002 | 806,638 | 1.625 between | o - 1,825 -
Max, and
8 1,854,486 1,192,382 662,103 1.555 Min, load
9 1,888,203 1,227,414 660,789 1.538
10 1,747,201 1,156,957 590,244 | 1.510 ) g = :
14 & % ud ol Z al z| A
11 1,678,229 1,125,181 553,048 | 1.492 Table 2= 19 & 7] 51 ¢ Fab7k 2d) 5 Ha7t
12 | 1765500 | 1206911 | 558,680 | 1.463 She AREE UERHTh 7Y 24 184]0f] 2 F-5K1,863
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Table 3. Performance of Tri—generation system

AS IS Target
tem Unit CASE | CASE | CASE | CASE | CASE
Reference
1 2 3 4 5
Nominal power
kWe 25 25 | 25 | 25 | 25 | 25
(PTGE\')
Ceneration |, 35 4 |35 | 41|35 | 4
efficiency (1)
Thermal
e % 55 54 | 55 | 54 | 55 | 54
efficiency (n,)
CoP
- 0.8 08|12 12]08] 12
(COP ) ) ) ) ) ) .
Replacement | ¢ . 5 5 1 5| 5 | 10] 10
time of stack
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Table 4. Nominal cooling power and fuel flow rate of Tri—
generation system

AS IS Target
ltem Unit CASE | CASE | CASE | CASE | CASE
Reference
1 2 3 4 5
Nomial
cooling |y | 3143 | 26.34 | 47.14 | 39.51 | 31.43 | 39.51
power
( Q(:ool s TGE\')
Nominal
fuel flow
oo |K&/br| 2146|1832 | 2.146 | 1.832 | 2,146 | 1.832
(X remy)
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Table 5. Initial investment cost per unit of Tri—generation[2°]

system
Annual production scale (Millons Won)
Iltem 100 1000 10000 50000
Unis/y Units/y Units/y Units/y
1 27,827 10,711 7.733 6.460
5 40,185 20,190 15,305 13,170
Fuel cell | 10 | 47.080 | 26.530 | 20.540 | 17.900
system 25 82.150 53.175 43,700 38.550
W) | 50 | 125150 | 90,000 | 77.350 | 68.850
100 | 199,700 | 150,900 | 130,800 | 118,600
250 | 421,750 | 347,750 | 306,000 | 283,500
Tyie 5 | 42,443 | 22,448 | 17.563 | 15.428
generation| 25 93.439 64,464 54.989 49.839
system 100 | 244,857 | 196,057 | 175,957 | 163,757
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Table 6. Common conditions for CASE Studies

Table 7. Variable conditions for CASE Studies

Type Description Type Description
Load | Hourly electricity and cooling load (Refer to 3.1) Perfor— | (Nominal cooling power (kWth)) Refer to Table 4
Nominal Power of Tri—generation (kWe) 25 mance | (Nominal fuel flow rate (kg/hr)) Refer to Table 4
Perfor— COP of Electric Chiller COP 4.4 (Cost for replacing Stack, Millions won/unit)
mance Power consumPtion facor of Cooling 0.04 Replacement cycle | 5"year | 10"year | 15"year
tower per cooling power (kWe/kWth) per Syear 27 500 19.25 13.475
LHV of Hydrogen (MJ/kg) 119,83 per 10year _ 27 5 _
Initial investment cost of trigeneration 4 939
per unit (Millions won) o4, Cost (Cost for replacing parts of absorption chiller
Regular O8M cost rate per initial » according to business year, won/RT)
investment cost (%) ’ 1 2 3 2 5 b i 8 J 10
Cost Fuel cost (won/kg) 1,320 10,000 10,000 | 66,000 | 10,000 | 10,000 {194,530 10,000 | 10,000 | 346,500 | 10,000
— . . no| 2 | B | 4| 55|16 | w| B W9 |0
Multiplication of power consumption unit 10,000 |194,530] 10,000 | 10,000 | 66,000 | 10,000 | 10,000 [541,030] 10,000 | 10,000
cost at January 1 in 2021 (base charge is 1.2
not changed)
$5H= 70|, CASE 2 SA5719] W coPS
7h4doll et A1 £ A TS Table 89 Fgste] Yt A7 0.89141 1,28 7§Agt 74-9-oln, CASE 4+= A8 o
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A 2Elof| A she] 27Nk jAdshs A-olt), &, CASE 1 &3h= 7-F-oliL, CASE 5= CASE 1, 2, 48] 245 HF
& A2d 58S A 00%(LHAEE 35%, DEE 55%)  HEshe Aolck
oA 95% (LA A& 41%, BRE 54%) &2 5%p 7)Adste] &
Table 8. Summary of economic analysis results
AS IS Target
Type ITEM
Reference CASE 1 CASE 2 CASE 3 CASE 4 CASE 5
Generation efficiency (%) 35.0% 41.0% 35.0% 41.0% 35.0% 41.0%
Thermal efficienccy (%) 55.0% 54.0% 55.0% 54.0% 55.0% 54.0%
Performance
COP (-) 0.8 0.8 1.2 1.2 0.8 1.2
Replacement Cycle (year) 5 5 5 5 10 10
Results of Units installed (Units) 55 55 53 55 55 55
optimal capacity Capacity installed (kW) 1,375 1,375 1,325 1,375 1,375 1,375
assessment Initial investment (Million won) 3,024 3,024 2,914 3,024 3,024 3,024
Cumulative NPV (Millions won) 3,186 4,969 5,495 7.078 4,491 8,383
Results of Cumulative NPV (including 162 1,945 9,581 4,054 1,466 5,359
economic Initial Investment, Millions won)
analysis IRR (%) (@) 5.0889% 11,0841% | 13.5424% | 17.6902% | 10.0017% | 22.3041%
IRR ranking 4 3 2 5 1
IRR (%) 5.0910% 5.0893% 5.0896% 5.0914% 5.0893%
Allowable R&D investment
. st (Villions won(@) 1,694 2,308 3,702 1,955 4,958
investment Investment effectiveness
effectiveness (@=(@IRRcase—1IRRref) 3.5391 3.6627 3.4039 3.9146 3.4722
/@) (%/Dbillions won)
Investment effectiveness ranking 3 2 5 1 4
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Cumulative Cash flow with discount rate
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Fig. 2. Cumulative cash flow with discount rate by business
year
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Table 9. The hourly results of the electricity and cooling energy balance on January 1st at reference condition

' Electricity (kWe) Cold Heat (kWth)
fime Pg'rid PTGEN Plvad g—tower Qwol,ERF QL’UOL TGEN Qva,loud
0:00 211 1375 1586 112 1061 1729 2790
1:00 211 1375 1586 112 1061 1729 2790
2:00 211 1375 1586 112 1061 1729 2790
3:00 204 1375 1579 11 1049 1729 2777
4:00 204 1375 1579 11 1049 1729 2777
5:00 197 1375 1572 11 1036 1729 2764
6:00 219 1375 1594 112 1074 1729 2802
7:00 233 1375 1608 113 1099 1729 2828
8:00 233 1375 1608 113 1099 1729 2828
9:00 211 1375 1586 112 1061 1729 2790
10:00 219 1375 1594 112 1074 1729 2802
11:00 240 1375 1615 114 1112 1729 2840
12:00 233 1375 1608 113 1099 1729 2828
13:00 204 1375 1579 11 1049 1729 2777
14:00 240 1375 1615 114 1112 1729 2840
15:00 233 1375 1608 113 1099 1729 2828
16:00 240 1375 1615 114 1112 1729 2840
17:00 247 1375 1622 114 1124 1729 2853
18:00 247 1375 1622 114 1124 1729 2853
19:00 240 1375 1615 114 1112 1729 2840
20:00 233 1375 1608 113 1099 1729 2828
21:00 197 1375 1572 11 1036 1729 2764
22:00 233 1375 1608 113 1099 1729 2828
23:00 219 1375 1594 112 1074 1729 2802
APl elo) gt ke W oA MR AS s diEiE nRi WS ol8sle] 1zt § e
e o Uk (590 ¥iukl) S A o= Qlok, 1e]al, 7|EaaS 2
4] (10) 0 2HE] 04]9] 7|2 F7|YEsIe] WER1061 1Y & ol apdeneon Hgslel U /jRe

kWth) 7} 7]& Z17]9¥-57] COP(4.4)F a1&{sd 04l 7]
& A7IE7100A v B Y-S 241 kWe R AR,
TR EE 0A]9] F AR (564 kWe)2 7|51l &+
She (211 kWe), Y204 o] 453 (112 kWe) 2
71& 7157 101M S 4H1EE (241 kWe) 2] FHo= ALt
Ho, 7Eead dEgego s s I AV|8s
AAC] wh2ba] 0ol A 14741 ] 1A17F 9F ARgRE 21
(564 kWh)of| tgt e as2 41, Ad 753
2 20309 AVA7 1852 AFed7H69.7 ¥/kWh)

£ A3k 30,3192 & 4= Ak Umx] AN

10 A ZHHoAX]

FU/IE Folol vl TSI WAlolE, ¥ Aol 1
¥ % 2051, 2601 kW) B AFAGAHOR g5}

1) Table 32| s} HAY AlZH1 74 24 18] WA= (%7
135} 1863.3 kWe, W5} 4,357, 5 kWth), AZHsl 52> D4
Z(Grid to Load), @Yzt 24158, @7]& A7|¥67] 2HlE
29| g4, @47(Grid to Load)> A% EHIAIAE] 55T of| 4]
A= Y2 1,375 kWeo| B2 1 YR]of igshs =32
488 3 kWe$l. @zrel An|E8o 2 WukHslr) 4 357 5 kWth
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Table 10. Net cash flow, initial

0x

4574 RRD Elof ThSt ZRHY 24 o7

investment cost, variable cost, and cash flow at reference condition (Unit: Millions Won)

iti Electricity cost i i
Business| L0 | nvasiment| O | R T o aare | G twimon | Discount | GF o
flow cost (D-2) |introduction) | introduction) | Discount rate) rate) Discount rate)
0 -3.024 | —3,024 0 0 0 0 0 —3,024 -3,024 -3,024
1 450 0 -84 | -1,365 | 1,898 -814 —2.712 —2,574 431 —2,594
2 450 0 -84 | —1,365 | 1,898 —814 —2,712 —2,124 412 —2,181
3 423 0 -111 | —1,365 | 1,898 —814 —2,712 —-1,701 370 —1,811
4 450 0 -84 | —1,365 | 1,898 —814 —2,712 —-1,251 377 —1,434
5 ~1,062 0 ~1,596 | —1,365 | 1,898 -84 —9.712 —92.314 -85 -9.286
6 359 0 -174 | —1,365 | 1,898 —814 —2,712 —1,954 276 —2,010
7 450 0 -84 | —1,365 | 1,898 —814 —2,712 —1,504 331 —1,679
8 450 0 -84 | —1,365 | 1,898 —814 —2,712 —1,054 317 —-1,363
9 285 0 -249 | -1,365 | 1,898 —814 —2,712 =769 192 -1,171
10 —609 0 -1,142 | 1,365 | 1,898 —814 —2,712 —-1,378 —392 —-1,563
1 450 0 -84 | —1,365 | 1,898 —814 —2,712 -928 277 —-1,286
12 359 0 -174 | —-1,365 | 1,898 —814 —2,712 —568 212 —1,074
13 450 0 -84 | —1,365 | 1,898 —814 —2,712 —118 254 -820
14 450 0 -84 | —1,365 | 1,898 —814 —2,712 332 243 =577
15 -319 0 852 | —1.365 | 1,898 -84 —2.712 14 -165 —741
16 450 0 -84 | -1,365 | 1,898 -814 —2.712 464 223 -519
17 450 0 -84 | —1,365 | 1,898 —814 —2,712 914 213 —306
18 189 0 —345 | —1,365 | 1,898 —814 —2,712 1,103 86 —220
19 450 0 -84 | —1,365 | 1,898 —814 —2,712 1,553 195 —25
20 450 0 -84 | —1,365 | 1,898 —814 —2,712 2,003 187 162
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