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ABSTRACT This study aims to evaluate the optimal size of the hydrogen facility to be installed in a zero-energy district in terms of
load matching and facility efficiency. A mismatch between energy generation and consumption is a common occurrence in zero-energy
districts. This mismatch adversely effects the energy grid. However, using an energy carrier such as hydrogen can solve this problem.
To determine the optimal size of hydrogen fuel cells to be used on-site, simulation of hydrogen installation is required at both district-
and building- levels. Each case had four operating schedules. Therefore, we evaluated eight scenarios in terms of load matching, heat
loss, and facility operational efficiency. The results indicate that district-level installation of hydrogen facilities enables more efficient
energy use. Additionally, based on the proposed model, we can calculate the optimal size of the hydrogen facility.

Key words Net-zero energy district(#] 2 o 1 X ¢ A]), District energy planning( &5 @] o4 2] A &), Hydrogen fuel cell(5=2
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Nomenclature Hyy,
EHP : electric heat pump Hie
HFC : hydrogen fuel cel B
E,, :hourly total electricity demand (kWh) Py
H,, :hourly total heat demand (kWh) Ko
F,,, :hourly total hydrogen demand (kWh) ESR:
P, :hourly total electricity generation (kWh) SCR

AMI
H,, :hourly heat surplus (kWh)
Ry
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: hourly heat deficit in heat demand (kWh)

: hourly heat deficit in cooling demand (kWh)

: hourly electricity production by PV (kWh)

: hourly electricity production by FC (kWh)

: fuel cell capacity installed in each scenario (kW)

: Electricity Self-sufficiency rate (%)

: Electricity Self-Consumption rate (%)

: averaged matching index (%)

: fuel cell capacity ratio in total heat supply (%)

: ratio of fuel cell modules installed to maximum
installed fuel cell modules that meet peak electricity
demand (%)

: ratio of surplus heat (%)
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R,, :operating rate of fuel cells (%)

NPD : net primary energy demand per unit area (kWh/m")

t : hour of year
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Fig. 1. Site plan

Table 1. Area status by use of the target building

P Building Cover | Total Floor Total Floor
urpose Area m? Area m? Area Ratio %
Multi—famil
ulti-family 20,800 202,799 55
Housing
Detached 5,609 20,235 5
Houses
Commercial 2,251 10,177 3
Office 17,000 121,380 33
School 4,375 16,575 4
Total 50,035 371,166 100
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Table 2. Assumptions for building energy modeling Scenario #1 - |Boundary of Model
Boundary of ZED
Factor Assumption Boundary of Building
: ; By
Walls & Roof: 0.12 W/m K,2 T . m—
Envelope | Basement Floor: 0,15 W/m'K, \—"L Mot Water
U-value | Windows: Multiple Housing 0.9 W/m’K o ! " : @iy
Windows: etc,: 1.0 W/m’K &P Lighting
‘ pv (oFF-siTe) | @ Pv(roor) | @ Ventilation
— Estimated by EV charging schedule linked ! l [ '
to building parking lot installation number Electricity () e
and user occupancy schedule, = v
— EV utilization power demand management L
i i Surplus Electricity
BV and V2G consideration were excluded,
a) #1
Electricity H-—city parking lot ordinance (2)
Demand o (2023.5.1) reflected the Scenario #2 -
EV 1 -9, cenario #2 - 'Boundary of Model
per building obligation to install attached Boundary of ZED
parking lots Boundary of Building
:
. *
gourly Elgctnmty g i&z{ kIWh Occupancy s FC ‘ -
onsumption chedule \jn.?Ac L. ——
— Verified according to electric device demand PV | et s—— ) Cooling
. o1 10 . . . (OFF-SITE) | PV (ROOF) o
estimated based on Building Efficiency Rating ‘ ® EHP @ Lighting
Operation Regulations (2019) with power ! l Lo, Vel
Appliance consumption by building use in the city of Electricity . e
Demand Seoul @ Y
— Assumed 40% efficiency improvement S =
) urplus Electricity
according to the IEA (2021) 2050 Carbon
Neutral Roadmap (b) #2
— Installation scale: Low rise — installed at a Fig. 3. Energy system architecture of scenario
horizontal angle across the entire roof area,
high rise = installed at a horlzontal. angle Table 3. Scenarios by HFC installation unit
other than the roof and site to achieve Net
PV Zero including air conditioning, hot water, Scenario FC installation Heat Source
ventilation, hgz,fhtm.,g,r and electn'ci hea}t demffmd # District Level HFC + EHP
under the assumption of electrification using
EHP #2 Building Level HFC + EHP
— PV production per hour is predicted based
on Radiance solar simulation values, i .
Table 4. Scenarios by hydrogen fuel cell operation
Heat Assumed a heat storage tank for storing heat - —
Storage on a weekly basis (Heat loss is not assumed) Code Operation Description
Heating Coefficient of Performance (c,,) | 3 Based on the Operation based on minimum of
EHP - — min | smaller of power weekly average heat and power
Cooling Coefficient of Performance (c,,) | 3.4 and heat load demand
Abso?puon Coefficient of Performance (CM) 13 Based on power Operation based on weekly
Chiller - ele
load average power demand
.?‘C ; Fuel Consumption rate (g/h) 61.1 vost | Based on heat. Load Operation based on weekly
SPECHICAUON | b\ 0o Generation Efficiency (n,) 0.49 average heat demand
(D company i
PAFC) Heat Recovery Efficiency (1) 0.36 Based on the Operation based on maximum of
. 1 f Kkl heat and
Primary Hlectricity Pri Energy Factor (1) | 2.75 max | larger of power weekly average heat and power
Fner : e and heat load demand
8y
Factor Heat Primary Energy Factor (1,),) 0
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Table 5. Assessment indicators ojt}, F, = +EAIUE|EE A 5)9]' o] Ar=E)
Index Description = ilﬂ HFC Q_a}:o] '?—g‘*]]/]"j/]ioﬂ —Q—E‘:} e
R, | Ratio of FC in total heat production capacity (%) A%, HFC= 2 &goz &4 o]—P_’E AlA FC &4
ESR | Electricity Self—sufficiency rate (%) o AQEE a0 AR F F, = A 2] (6)1} 7Fo] AAk
SCR | Electricity Self—consumption rate (%) et
AMI | Average of ESR and SCR (%) i
R, | Surplus heat ratio (%)

R, Operation ratio of HFC(%) F,=R, % @ (4)
PEI | Primary energy index ke
. 'E;‘,of, }[tot .
min ( —=) (min)
B, =E,+ B +E,+E, +E, &) o,
E
( ™ % (ele)
H_+ H, H, X1, o
Eehp _ hs hw ehph cs : re}p (2) E}[} = ]th (5)
Ceh Cec e (heat)
M
max (2, 2 (1)
E,  AE 9 HAF A7) oA A 8% (kWh) ne
E, 27 A7) oA 285 (kWh)

Foy = min(F, F, 6
£, © 29 A7) ou A8 i = min (o F) ©
B, ¢ EHP 7] oU 4 82kWh) S

o el ) Zg) A7]ou | 282K (kWh
Fo BV AV AR R ) . £8Aelen] 0 ARy

F A Q0 T2 fA|H X AR FH(kWh
, ooﬂLﬂXl(@‘) Q7F(kWh) '

F, :HFC 2t 58 A]9] JAouix]4 2 3H(cWh)
H, Yoz (dd) a+=kWh)

‘ ° HFC &4 A o] 9% 1,2 4] (7)3} 2t
Tehph : %j_z‘“ OEﬂoﬂL‘]Z]-Q—;L %‘ EHP H]’é—
e - A EANHR] QF 5 EHP 5385

Eof X M _]{fm‘ (F;‘of x M — }[fm‘ > 0)
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AR 875 QAUARTE B, A (33 24,
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L Bl Al .
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Table 6. Preceding studies on indicators for energy system analysis
Author Purpose Method Evaluation Major Indices
Technical feasibility study | Calculating possible energy .
. . . . . The monthly surplus on—site .
Cao and | of integration H2 vehicle production and consumption . OEF (On—site Energy
. . L renewable electricity and X .
Alanne with on—site renewable of a zero energy building energy shortage by a seasonzl Fraction), OEM (On—site
(2015)m electrical system in Zero based on Hy integrated gy. y Energy Matching)
e matching analysis
Energy Buildings energy system
Parametric analysis using
energy simulation, focused
Investigation of a hybrid gy. ration, . The overall matching .
- on the impact of GSHP, . ) .| OEF (On—site Energy
Cao et al. | zero—energy building . . . capability and optimal mix . .
[14] . . climate conditions, on—site . . Fraction), OEM (On—site
(2017) system with a H2 vehicle : - of PV and wind turbine for )
. PV and wind turbine Energy Matching)
integrated H2 system . . . the net—zero energy cases
capacities, and their mix
on system performance
Numerical simulations of Effects of PV and batteries
Millet et al, | Comprehensive analysis of | an energy model based on | installed capacity based on | Self—sufficiency, self
(2019)“5] photovoltaic battery model | developed and validated LCOE, Self—sufficiency and | consumption, LCOE
with real measurement data | self—consumption
Computation of the energy
Hernande distribution of the household | The hydrogen production to
7—
Nochebuena Investigation of the energy | energy system and off—line | average household power Self—sufficiency index,
of al interchange dynamics on simulation of H2 production | load ration and the average | self—consumption index,
(202 1)f13] the ZEH2E with FCHEV for FCHEV in an isolated vehicle power per traveled | area for H2 harvesting
PV—hydrogen—batteries distance
microgrid
Evaluation of supply
Study of hybrid photovoltaic | Multi—objective optimization | performance concerning
Liu of al and wind energy application | based on modeling of hybrid | system end—user by a Load Cover ratio,
i
(202 1)[161' with battery and hydrogen | renewable energy and storage | combined criterion regarding | Self—consumption ratio,
vehicle storage in a high—rise | system for hydrogen vehicle | renewable energy generation, | Hydrogen system efficiency
residential building integrated building electricity demand and
storage efficiency
. Calculation of the optimal Self—consumption rate (SCR),
Evaluation the .
techno—economic benefits allocated ESS based on New | Comparison of energy Self—supply rate (SSR),
— i
Tercan et 1 increasing PV best algorithm and Generic | performance indices with Peak voltage reduction (PVR),
ini i
al. (2022)ll7J g . Algorithm and sensitivity or without ESS under various | the share of losses rate
self—consumption rates . . .
i analysis based on techno— | penetration rate (SLR), curtailment loss
using energy storage . . .
economic evaluation reduction (CLR), etc,
. Comparative Analysis of
. Energy system analysis by .
Wi d Evaluation of buildi Lvsi hydrogen—based energy Seasonal energy mismatch
u an uilding energy analysis
hydrogen—based energy . g &y Y storage system using Annual | rate (SEMR), reduced carbon
Zhong . modeling and energy . .
o) | storage systems in urban . total cost, reduced carbon | emission, energy potential
(2023) management optimization

residential buildings

modeling

emission, and energy potential
rate,

rate (EPR), etc,
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Table 7. UBEM results CEA AlEFo)dS Fa & A A A9 4 4
Category Seource Value (GWh) Q= TFig. 4, 59} At} AIZPE ok dbdgk 9 d7] o
Lighting 7.909 VX Aae wieke mefe o) sig gxe] ALKz HE
Electricity Ventilation 0.5% % 9l oJof7} WAISH Ao BT
Energy Appliance 2.295
Consumption Cooking 2.940
EV 6.524
Cooling 6.606 4, A 1}
Heat Energy -
Demand Heating 19,660
Domestic hot water 4,299 el we Hol ) A7| @ dofluA] 42 YL &
Roof 4,395 N .
Electricity : sl HFC AdA] qfiel S-8HH4lo) wE Table 52 7} A
generation by PV I Scenario #1 20,721
off—site = H A5 A
Scenario #2 | 20,860 3E50) WShS Hal AR Aajelr).
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Fig. 4. Annual hourly electricity consumption and production
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Table 9. Assessment indicators under the maximum AMI

Ry | K| Be |ESR|SCR|AMI| B, | R, (’:‘(CV% Ry | K| Re |ESR|SCR|AMI| R, | B, (’\;\F,’V%
(6) | (W) | (%) | (%) | (6) | (%) | (%) | (%) | 'y @) | (W) | G8) | () | (8) | ©8) | () | (B) | oy
#i-ctri| 0 | 0 | 0 |389|27.7]33.3] 0.0 108 #-ctri| 0 | 0 | 0 |389]27.7]33.3] 0.0 108
#o-ctrl| 0 | 0 | 0 |389|27.6/33.3] 0.0 108 #o-ctrl| 0 | 0 | 0 |389|27.6]33.3] 0.0 108
Memin| - | - | - |- -|-1-1-1- #l-min| 68 |3536] 28 | 62 | 57 | 59 | 0.0 | 29 | 34
Mee| - | - | - | -] -]-1-1-1- #l-cle | 68 |3536] 28 | 62 | 57 | 59 | 0.0 | 29 | 34

#l-heat| 37 [1924| 15 | 79 | 64 | 76 | 0.0 | 90

#l-heat| 52 [2704| 22 | 88 | 71 | 79 | 0.0 | 83 | 25

o | O

#l-max| 37 |1924| 15 | 79 | 76 | 77 | 0.0 | 90

#l-max| 52 |2704| 22 | 88 | 71 | 79 | 0.0 | 83 | —25

#-min| - | - | - | - |- | -|-|-|-

#2-min | 77 [4004| 32 | 62 | 77 | 69 | 0.0 | 27 | 34

#o—ele| - | - | - |- |- | -|-|-]-

#2—ele | 78 |4056| 32 | 62 | 77 | 70 | 0.7 | 27 | 33

#2—heat| 41 |2132| 17 | 78 | 76 | 77 | 0.0 | 82

#2—heat| 54 |2808| 22 | 8 | 73 | 79 | 0.0 | 77 | —22

#2-max| 41 |2132| 17 | 78 | 76 | 77 | 0.2 | 83

#2-max| 54 [2808| 22 | 86 | 73 | 79 | 0.2 | 7T | 22
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