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Abstract

About 35% of New Zeal andds popul ation | ives
nearby settlements. These areas arpe pfud aitn g ng

business activity, and thendhiCHEWItD tcd ermd eirs

to put additional pressure on existing el ect
were not built to handle such | oads. A pot el
sources, such as dobgen, wtodredodegrekhnahge
delay costly infrastructure upgrades.

The fir et heisanrvse sotfidggahtabre It lwd o ar PEM eshleick e loy y s
compondnutt unteegrated renewab | Ry tdamerdg ys i snwud tad
compdrmes hydr ogen prdoydnuacniico na nodu b ptudat udite dro d e |
vari abl el nspolvasr.PtEtiMe capatethedea weodebsterence
cumul ati ve hfyrdirimeg echynoaieddpmpart dvéd tsa auwsiiomgnodel
mi nuneut dwhadapcetre rat hdeyInlayni ¢  mosde Imop reoaicd @ r &
ways el ect r oalsyssoecri ahtnedldemym ietss or an dv ensysdetobgen s
t hfel ucteulaetcitnngpctl condi ti ons

The second part evalwuates the uswi md gytfdms
integrat eldy dwiddhemrierethno a single residential

sufficiency over a full year. The study mode
cost of energy (LCOE) for a rangafdfiicsegsatgn
achievable in all three options, but only at
NZD/ kWh. Among the options, the hybrid syste
compl edwef fsiedifency (100®%) BZD ktwWhe wiho Wes tb ad @astc i
generation and storage needs with demand.

Thehird part presents a case study of t he \
i ntegrati ovVe bftcglseada3( #vd green hydrogen to
demaAtdechoonaomiscesermamines residential, comm
energy needs from 2024 t o ,20I|P&e nmenrdg ye vsayl sutaet ne
supply 1 ocal demand while redtuddhreegdrebrahoe
transfor merTayppgroacdisany ewear gcaetnetdr:al i sed sol ar
plus |l ocal hyd&ro\yecmh aoagpadinudc td eodne c @ s it d eihoif i€ @lp

sol ar spppoaclkral dygtsrividdGiatijye esi maels cwlatt e t hat t he
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approach has t e 71N2kk%wh, LGOEIl @eft he | ocal gr
unavoidabl e, even with higher solar penetra
pert bdde,central i sadsiagprbiacdnbthaadvantage, ever
coetspecially when V2Gemnsrgycmoampag emee mitnii sty satl
i nvest ment amoundil?2 cyGehawibsBOhkr\Wehd/ @ Beart @ e riyn st or a g e
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1 I ntroducti on

IContext of the study

ound 35% of New Zeal andbés popul ation | ives
ttl ement towns | i ke Whi[M.i alnhgeas ea nadr etahse iarr es u
steady increase in electricity demand. Th
pulation growth, the expansion of | ocal b

erqgy, particulanl gechotheTechmeslpog)ita@ednd i ke
el Cel | El ectrace Vebcomesg ( MCEY¥ common, wh
i sting electricity networks. However, ma n
signed to handle such ogarlavwemgltaea | eamiaall, e

cohf etlheecit mf caswirdiwcgtuurree costly upgrades to n

address these challenges, one promising
ur ces, such as solar and wind enemrdyyseom
| ar power can be generated thhhueceghoei cloenme
i . dirngsr gers ccaolmemusnoiltayr f arms. Hydrogen pr ot
ale household wslcadtr ellyexcdmr,olygrsea hargentr
ations. Since the electricitysisapprodaobed
duce the need to import electricity from t

upgrading transmission infrastructure in

e potenti al use of green hydrogen fer s ome
rm energy storage solution is also invest:i
l'itting water into hydr ogewahbalned sooxurgceens utshi
ocess called electrolysis. The hydrogen ¢
ectricity again through fuel <cells or to s
uld be especially whseerfeuls oilnarr eomotwvei nldo ceart g
ailabl e thr oughesucta lteh eh yddaryo goern yseyasrt.e nssma | sl u «

mpanies | i k[@midiyriomdarEmepgwctical sol uti on

e research is divided into three key parts
mbrane (PEM) electrolyser when powered by

amined. The work specificaldlyamgantornitlset



daily hydrogen production. In the second bod
sufficiency in a single residential NZ house
energy capacity, and/ or greemnmtlyydsogeamampmedu
body of work focuses onl)t,hewhMhri d i eeamerag yr edyd noanr
and the | ocal net work substation'sVAransforn

Figat:ghe network map of Whitipghga and its



Tlke Whiti angex amismree ssttuhdey ext ent to which sol a
centralipsed a32fMWm or-topeBresmdkeati adbpaonfy,
green hydrogen production, can meet the fut
extent to which | ocalised electricity reduce
net work upgradepqwtitandd ahlosw ibte contri butes t

sustainable community energy system is discu

1. 2S5cope of the study

The primary objective of this work is to in
solar and wind, and energy carriers |ike gre

independence and reduce the nesedled.or substan

This study does not provide a detail ed dema
transmission | osses, grid capacity, voltage,

bal ance between electricity seuppl yusand nd erneast

homes, commerci al buil dings, and the transpo
The electricity demand for residential, co
communities, I|ike Whitianga, has been esti ma

and vehi cl el].l efectc osrtdaitnigs ttiocsa r effdlort hley et he e

maj or industries in the Whitianga region. Th
included in the community demand esti mati on.
The focus is on how renewable energy and gr
either at the household or community | evel,

approach can al waVaa®@orbkbyéwogeaeppenerghne | ocal

network in delivering electricity to remote



1. Research questions

The study addresses the challenges and oppor
hydrog@emnol ogies into residential applicat:i
Zeal and. Based on the scope and context of t
foll owing questions.

1.Does variable electricity from solar PV

production from a PEM electrolyser?

2.What is the LCOE for a single New Zeal anc

from the grid through integrating renewab

3.Do centralized sol ar farms provide cheacg
compared to the equivalent capacity provi
with private electric vehicles for batter

1. 4Thesis structure

Chapter 1 outlines the context of the study

as they decarbonise and upgrade their networ

Chapter 2 discusses the background studies r

and identifies the research gap to address t

Chapter 3 analyses the dynamics of the PEM &

sources
Chapter 4 addresses integrating renewabl es a
to achievesaobmpteenacgehhd assesses the syste
Chapter 5 investigates tihrnet d na ergenadti @me coohene ee

study cwas Whhi & dtaorwgnas hi p oaMAT hree gaiiomo fwasse tt of ut u
el ectrictihryouwugemmalnadcal predetwhkhidmi minzirgg t he |
net wor k sexdtxtheansimimght be Awededenartbe DOt unec¢

considered t o-eaxsosneosns ct Hfeeiars ich@aitnioo nand t he be

Chapter 6 concludes the major areas investig



2 Literature Review

This chapter provides an overview of the <co

relevant | iterature and identifying the tren

2. 1 ntroducti on

As countries move toward cleaner energy sys’
electrolysis powered by renewable energy 1is
el ectrolysis methods, Proton Exchangei tMedbr :
for use with variable energy sources such as
time and compact design. However, renewabl e
making it difficult to ensurédi st aldlyen ahmy cr angpe
been developed to simulate how PEM el ectroly
These model s-tdaaneo styts tfear crheaanlges, such as vol

providing a mor e talcarursatt aY].iumm dreadcsdlasndi ng

I n residential applications, integrating sol
electricity grid. However, challenges remain

the high cost of [dhatBaetrtye rsiteosr adgeeg rsaydset eonvse r t

sized to store etneomrumghoreneegyordalr dneoads. Gr e
potenti al solution by actistg@ramssbothganopher
studies friokme chwanttmraleisa,l Canada, and Sl oven
systems can i mproveufrfeiscidemt¢y.,albwetnerlyy Isied H

a balNMi er

At the community | evel, | ocal renewabl e ener
systems or solar farms, can help rural ar eas
seddfficient. Community ener gyopmaddmdlIslaitn g na lolf
systems. However, despite various <case stud
centralised versus decentraliséNdN approaches
Thi s |l iterature review addresses these Kkno\
renewvhaybdlreogen systems in both residenti al an
context of rural New Zeal and. Tée ioweFivg wermwe o



Variable renewable input
(Solar/Wind profile)

Dynamic modelling of PEM
Electrolyser

/ ( Varying current & Hz Production) \

Community energy system
# Rooftop solar & solar farm approach
¥ Load sharing & modelling
» EVcharging / H2 production
¥ V26 approach & Grid export

Residential system
» Solar PV +Wind
» Hastorage
# Self -sufficiency

Techno-economic feasibility
(LCOE, NZ context)

Figatdhe overview of the Iliterature r

2. Dynamics of PEM electrolyser

Green hydrogen produced through water el ect
regarded as a key solution for clean energy
direct carbon emissions. Over ntehrgypastchh®|
especially solar and wind, has dropped signi
scal e use. Since el ei0foi oift t hreakeost aup carsd un
produlgtiamy reduction in electricity prices
overall hydrogen cost. Additionally, new mat
devel oped to reduce system costosnt ilnfuebottoh feal
periods of excess solar at very | ow market

wi der gl obal adoption IINfE green hydrogen tech

Among t he avail abl e el ectrolysis technol og
el ectrolysers and Al kaline El ectrolysers ar
particularly suitable for wuse with fliusctuat,|
because they respond quickly to input <chang

vari abl e[Ndonido we wenrs, t he variability in sol a
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|l enges for hydrogen production, whi ch i
archers have developed dynamic model s

trolysers as the pPNdwer supply changes ov

Il c models assume that the hydrogen outopu
ontrast, dynamic models consider how r e
to gas buil dup, press[NrfPe Ehrangxamplasam,d wh
r increases rapidly in the morning, ther
s, due to syst[dle nprherstiizee. tAMmaatrsmthie é $ee c sahl c

ial for understanding actual perfor mance

mi c models also help us wunderstand how
ges. As current increases, the system ex
rs eNJfiAdceanrcdi npNYt ot Liisodredap ailn efficienc

cell voltage goes akoveal. $8i Wt whiheh piog
ed for water splitting is provided as e
troclhamil @easl, pruich as the Nernst equation

potentials resulting from activation and

her i mportant thing in dynamic models is
ugh the membrane along with hydrogen i on
infl uenerem pe¢isf dromagn c e . i nReosrepaorrcaht ei rnsg st uhge
sport effects into their model s, t her eby
atingNg&dhdi ti ons

[EN &asluggested using dynamic modelling t
rporate both solar power and hydrogen p

or remote communities where the power s

ummary, dynamic modelling of PEM el ectro

ogen systems behave under variable renew

age | osses, and efficiencyambeahgksegbati
ired for creating a dynamic PEM model h
red in Chapter 3 as part of the model |l in



2. Single residential application

Mo st of the countries, such as I ndi a, Austr
renewabl es such as solar and wind into resid
have a positive i mpz=aEll dHoweker envheopméermtvye
chall enges faced by renewables due to their

nature of the weat h[EP 8And esdasnnalalf Iruesteuaatbil
solar PV panels and/or wind turbines3,0%i zed
and0% of the single residential demand. The 1
to be used by the resident due to a | ack of

i mmedi ately to the[zgri d at discounted prices

Whil e studies agree on rising residential (
solutiongrifdoropdafifons -suéf iaccihd recvye wsseilfg batt
technol ogi es. Basat eoy béchhal bgpgpesdue to G

degradation over the I|Iife cycle, and a | ack
=T

Il n Australia, battery storage i satetsethyvey dte
with the grid. The system sells the excess
| ocal grid at | ow prices, ybwoutrawewhy nafptrerc ech a
high. However, this system requires a prope
batteries. PV/battery/grid is a nascent tech

but ssybtemthaennot asbhfevesegoeompdlelt e[Ndedifng w

To address the seasonal energy storage chall
is a cruci al s o kswitfifa nc i feanrc ya d mj=divei Hirge esmet lilFa Id r o «
stands out as a viable solution as a <c¢l ean

periods and act as a backup generator via a

i mited. The cost of amgr weoaohbhoyfdtamgeal d mtt req!
compr,asson fuel cell, varies by | ocation, de
raw material s, | abourZY aAdcomper eshenes isv eg esotgl
conducted in the UK to investigate public i

including green hydrogen and renewabl e el e
Seventy percent of avberpaftictepaetrsewetrgg 1 n

their willi@fness to adapt



The standal one system has been designed for

of electrolysis, fuel cel |, battery, sol ar |
Africa add Nhegesysatem harnesses the excess e
and achievesf fli0di%e tey.f However, LCGE)L erveentaiiznes
relativel yOo.engsdk Mhv ea,nd8SMOKk WD.1 FarfjQMcl neltucaled

sever al trials and assessed the integration
Oshawa wusing HOMER Pro software. The integ
efficiencies of 26% and 26CO®%, foesphetprwvepygs
of CA®6 k Wh.

Jane [BMhawevel oped a surrogate modelr efear i
hydrogen system into residenti al applicatior
be supplied from the grid, a-sdfthei sgysyemTa
100% -sef ficiency, | arger PV panels and an e
acknowledging the high initial [OQNhaest meEapose
an optimised systemraoadiuagi sl aystP&/mamar Hr esi
Ecuador. The LCOE of the system is four tin
Ecuador .

According to the above Iliterature, i ntegrat
residential settings is unlikely to be econo
research that has been conduhctceodmp anr etshitsh earlLe
this approach with the grid electricity pric

how communities can harness and produce rene

2. &Energy community modelling approach

The gl obal shi ft toward sustainable energy
decentralized renewabl e energy Ssystems. Th
commuibasgd energy projects, wher e r esicdennt s,

produce and use their owhn renewabl e el ectr

independence, reduce emi ssions, pr gt e so
Community energy modelling plays an 1 mport e
Ssystems. By simulating different system desi
model |l ing supports informed deci s[OBns on inf



Among renewabl e energy technol ogies, solar p

suited fofrscabemuampiptly cati ons. Their compact
installation make them ideal fororuradi orona
infrastructur e. Resear cécaslheowsoltahratf aronnsf t o
electricity demand, | ower transmission | osse
i mpl ement[@d | ocally

Case studies from countries |ike Australia a
of solar energy at the community | evseilde The:

management and supporitn vtea rpiofl fiweirfersi@eh utdHoer ag o
example, a case study on a remote Croatian i
that while a solar farm helped reduce the wu

surplus caused difficulti¢sP in exporting pow

To solve such chall enges, hybrid energy sysi
exgessenewabl e electricity. -lDaaxed odmden oyn <stoonba
with solar and wind power in a remote commun
to store energy, which can be | ateadrucedl ¢ e
communi tydés annual grid electricity use by 2

of electricanye@lUB0OBEBLIKNVNh due to the expensiv
i nfras[OEuctur e

Ot her approaches have ai me-dfftectubeekycebs Ekh
combined solar PV systems with | imited grid
Her e, mi dday solar surather wabBamsexdpodomnot chlae
This helped ease pressure on thW&8DgWMBE and ke

The above gl obal cont ext study highlights t

renewabl e electricity. They also show the va
efficiency and | owering costs. oBadedv Zdmradlboy
rur al energy chall enges. A case study has
decentralized community eneegygnaemist emesasinii |
goal i's to identify the bexnttrgyramagwgiog
electricity, and strengthening energy resi.|l

10



3 DynamModel l indl e€dt PEMy ser

3.1 ntroducti on

This chapter focuses on the dynamic model |
fluctuating solar PV power sour-wxearyilThmg enlae ot
i nput affects hydrogen geordarnr  oghemi @apthwrua
hydrogen accumul attihtenmemskt sa eemokveayl ,p awiatnhet er .
the dynamic model are compared with a statd.i

especially during periods of rapid power fl u

This study tecmsesysoemsib@ehmtavi oure mndaegdagat
or experimental wvalidation. It models only t
and excl uedPsl aBal a(nBcCeP ) componenrtss, lankde cpouonf

systems.

The following sections describe the devel op
vari able nature of sepracd®Ptiedrectricity effe

3. 2EM electrolyser modelling approach

A dynamic model for a PEM electrolyser stac
model |l ing approach [NfJanel Gpep@)} b W h¥iadriotd edt ialv
significant number of equations, and for <cl a

the results of the Pyithoa) molOlké fturmrddment Alpp
and the system assuompeicon®nar 8. . dcansled. 2. ;
approach-l amdl smadkl | ing are described in mor

3.2ELectrolyser thermodynamics

Wat er is fed into the PEM electr-b) ys®&hemnhao
potenti al di fference is applied across the
di ssociation, splitting -cetb orwgettogaseo amd ¢

coated el ectrodes and are c¢classified as redo
At the anode, water is ¢gxi dirdgdnasod(fHeloedcatceon

¢O0 © 10 1Q O (3.1)
At the cathode, the protons migrate through
el ectrons from the external DC power source

11



TO T1Q O ¢O (3.2)

Theverall water electrolysis reaction is rep

D0 ° 0 €0 (3.3)
These reactions occur on the surface of the
Assembly (MEA). The MEA includes a diffusior
which ensures efficient current distribution
ho > %o,

Anode Reaction X
2H,0 50, +aH +ae” 4 _ Ca;h‘f‘jel‘f_e_';";:"
2

Py i @ @ l —e IO 3

Ll T
w =~
ater
————— L)
Transported Water
w» TN - P
Unused water & c= @@
Oxyuex L N Hydrogen
Anode Mesh Group cathod Mesh Group
= \ -
Diffusion Layer \ Diffusion Layer ]

\ A
cathod Catalysis Layer ‘

Anode Catalysis Layer

PEM

Figg@it8chematic diagram of a single PEM electrol
movement across the memb& a@as@@®nd the prod

Tab3leTher modynamic properties of the water diff

Speci (qgH°( kJ/ oG KJ/ m| ogf°(J/ mol
HO (| -285. 8§ -237.12 69. 91
H2( g) 0 0 130. 68
O2( g) 0 0 205. 13

The ther modynamiucat@oasftf i2&iA€Cntanfdorl B@rl.i s pr e
Whemid’j s the ent halgiByi soft hteh eGirbebasc tfereenet ieonne r gayl
g’i s the entropy of the reaction. The react:i
from an external source to make the reaction

12



3.2Sgstem description and assumptions

The system's coerleecadaampxdreaemtc aills samck compose

connected in series. Each cell pembdbloeams!| svait «
Hoandkg®ses when the electric current (DC) 1is
The electrical power input to the electroly
irradiance prof i-deepenrdeesnul tciunrgr eint  a ntpiume I (t
influences the cell voltaged.and the rate at
The assumptions for modelling the PEM el ectr
p The cells constituting the stack are i dejl

with N cells can be modell ed as an equi va

t he stack.

p Uniform current and fluid flow are distri
p The gas flow rate produced is calcul ated
p The temperature of the stack (T)atiA80assun
p The water flow rate fed into the system i
fluid flow dynamics.

p The gas produced is assumed to have a si:
|l aw calcul ates the partial pressure of th

These assumptions simplify the model whil e

PEM st ack.

3.2M8delling overview

The schematic diagram of the PEM electrolyse
are shown-2inThRegmoeeB8 simulates how water at

within the system to produce hydrogen and ox

Il n the figure, the i1 nput parameters of the n
current density (A/ cm] )i )andT hehec udrlroemm tr ad een soif:
current ( A) to active cell ar erae l(actmgd) . f ITohves
membr ane transport is represented in the gr ¢
the cathode dlyamhhere, ocarmdcgfei talne represents t

assumed to be constant.

13



i NHZD.an

— 02an Tin
» Anode
‘ Po Ph,0 T
Nt,0mem :
Y L J h 4 *
» Membrane ,'1 Voltage @ ———| Thermal
" Vcel.!
NH OIHEIH
2 PH2 T — INpUL
|, Cathode — Anode

Membrana

Cathode

NHZ ca
Voltage

Thermal

Qutput

Fig@2®verview of the developed PEM stack

The internal parameters and variables of on

modul e to get the output ,; swiki.cRpi.s Wihohwnt ha s

integrated model approaemrboductiisomn oasrmrsd bll ®s g8
was i mplemented using Python to simulate th
subjected to a variable solar power input.
3.2PEM stack model ling

The stack modelling has been divided into f
membr ane modul e, and voltage modul e, which

sections.

3.2.Mnaode modul e

First, the deionised water is fed into the
applied, the oxygen evolution reaction and
Based on the equations (3. 2),h trhees ofd autx tod tmo

anode can be written as foll ows.
an g 0 0 0 3.4)
an, I n an cons me m an out

14



0 Ean,irp Ean,geg lan, out (35)
o ,,iis the flux of moles of wategrisentaei hfuk

mol es of water c;6nn§g;medhien ftlhuex aonfodmo| es of V

e

membraanrli'dean j)u§ t he f ux of mol es of water cC omi

The flux of mol es0 Qf) Qixyy ge:is larhe d hteo imd ezer(o .

supplied continuously to,a hsemalnlodemawmp aaft me:
dragged to the catihonds tclormpwgh memde rmemiHr ane

flux of moled ofhamembeanecal culated and exy

me

me mbr ane module (see section 3.2.4.3).

According to Faradayés | aw of elibcatn‘r)olzsayrsd s,

con

gener atel’ljmq)(ggn'gend(rectly proportional to the

ut

is the flux of moles of oxygen removal from

(3.6)

(3.7)
TR (3.8)

nis the numble(itsp ft hteh ea pepd lilesd c ujrFri esntt hwei tFha rrae
constb ants the moles of oxyamrl sg e moer mditeadn ti.n t |

The equations (3.7,3.8) have been substitute

the producti on.

Note that, fo—|ﬁt‘—fheﬁiﬂz.s,tgggttga

- lag emaadcseslu meide gtuoa thieo nz e

n,

(3) and ibrpar!'yigesnt hceal cul at edpt odeat icahate the O

By solving the above equatiomnmsy) than pbesdenri
via the ideal gas equation as foll ows.
0 pootYtry

@ n

Ca
¢

15



0 5 is the number of mol ess pécTorenpgleys,eat st h

el ectrolyser's operating t emnmdirdaetnuortee;s R hies ati
volume (electrode).

The partial pressure of wateN¥Yis calcul ated
el 8
ae Ustx p eR—

The total pre®3ius et lnae ¢ hm @fnotdree (partial pre

descri bed as:

0 0 0

The mole fradt) omamde Watbet idp) at okggamode

cal cul ated as

3.2.C%at2hode modul e

Il n the cathode modul e, hydrogen is produced
combine with electrons at the cathode. A sim
modul e, but hydrogen forms as the praoduof we

and hydrogen with respect to time at the cat

g5 U ca.i¥ U ﬁ 080
9% ) R U R U R o T
I n this model, the i@let)fihodlwbt)mot €siaf b
cathode module iWhebeamsgidemetde ast leeerfol. ux of
removed at the cathode. Theb f | ux coafn nboel ecsa |ocfu
from Faradayds first | aw of electrolysis,
VR (3.11)

16



0 B — (3.12)

| (its) the currentHwii sh trhes pnodtest oft ihmalr ogen p
and F is Faradayds constant.

The equations (3.11,3.12) have been substitu
of the hydrogen production.

Note that, fo+—tbheys&lat jarmodslsumedd tequlad i o

(3.,10)nd bnlyyi sheal cul gptreodd ufcatri otnh.e H

The partial priggsucanobehgihteaigeed(f rgam | aw,

5 Hﬁ:a,fgfen
UH It a

ca

0 and are the number of moles of wateurr and h

is the volume of the cat hode.

The total preslisuries atthe¢ heumadfhotdree (parti al p

descri bed as:

0 0 0

The mole fraction of each species in the cat
O =—
O =——

3.2.Membrane Modul e

During the el ectrmdrytsiien pofocwatser aumdmarl does
reaction, |l eading to the generation of prot«
water i s passed through the memébrmnepé¢mowakieerp

primary f awtorndret lwaatt edr transport mechani sm

dr aig () , di-d fiuse mn tor gn)s,poand (the hydraulic
O ). The first two mechani sms will transpor
pressure mechanism works in the opposite dir

17



change according to the manufacturerds speci

through the membrane can be derived as

0 0 5 U0 5 0 5 (3.13)
Among the three transport options, osmotic
contribute a mini mal amount so that they can
As the prot on -ccornodsuscetsi ntgh ememrba tamre |, it drags
process known as osmotic drag. This process

osmotic coeffiqgTihinst ,r edperneosteendt sast hNe wat er mol
from anode t @O]c/afdlogFdoer (emvoelr y[ Hhol ecul e of pr ot
water have been dr agffNegd Tre omaglhart hfel umne mbfr aw

membr ane due to osmotic drag can be calcul at

0 0 80 oP T
f 0 ()
Sever al met hods have been used to calcul at e
par ameters, using constant valwues, and subst

no standard value has been unpediicralt regulaitt er

as a function of Kelmplkjr,atanmdk,i £ x@pirwern eas i n

0 C& wu L BT P PO

Il n summary, deriving equation (3.13) and sul

flux of moles of water mol dcyl es spaspedssliedo

. 6 t0

UH h O
3.2.\Mo.l4 age Modul e
Typically, PEM el ectrolngyseeirsi opempatoicerssi s Uad
conditions, the voltage required to operate
vol tage, al so reifrrcuietd ¢ ol tasg & ) eb tpiemads s OPs
operati on, and the valetuagali yohnawr.adHowkre etr

the voltage required-nwadtlr ale Vhdlgtheege ,t hdane tthee

18



and heat |l oss. These | osses may be tle@r)med as

can be calculated as the sum of the reversib
W W W W W oP v

W i's the theorediicsalt hceel d c tviov abaigiers o hWer pditna |

overpot ewmtiisalt,heancdoncentrati on overpotenti al

accumul ation of gases such as oxygen and hy.

anode. For the <current density |l ess than 3

owrepotential s are significantly hi gher t han

concentration overpotential can be neglected
Theoretical voltage can be calcul ated using
Gnh O —aeg+—2 (3.16)
H
whe®ies the reversible cell OQyobtabe padeiabtp

Hyo0oi S the partanl, ips etsBerpamntfi @ pressure of
fosatE di fferent operating temperatures can b
O= 1.iD29 3 TL®R)YS8)

The activation overpotential s can be descr
el ectrochemical reaction in the electrolysis
to charge transfer kinetics im anher gpdteentriodly

calcul ated Mgl mgr tdgeudBuitdbeyr gi ven as

d&ctd&ct,éihct,ca (317)

' 'Y"Ya‘b‘ By oK 2
_“Il
“et T o
!Y"Y'"i 8] Q&? £
'??:210 S a
Whend,s the charge transfeb. poahflicients ttdle

densi Qys anke exchange currenfQ dgedsitn®0 whi ch
= 1% nl10Ohis study.

@t
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The ohmic overpotenti al can be divided into

Thel ectronic doesnét account for the signifi

overpotenti al i's dependent on the membrane
current. It is calcul ated by

@ ‘oY (3.18)

, o

Y —_

, 1 et membrane conductivity can be obtained

. . . p p
sme TBUTIUL P_T Tﬁtﬂcd@w@q(th"_Y
_, Iwatéde content of the membrane and can bc¢

MIPuv o6 e X PO

On the other hand, the electronic overpotent
(less tHhan whAlchhmaccounts for the very minin
constant value for their model . Finally, t h
equations (3.16, 3.17, and 3.18).

3.2Eb6ficiency

The voltage, §ffeiwhiiemcy ef | ecefsf ¢ htei wé red g oaxthe
given by the rati oQpfo tahcetrunaol niCegletlrla Iv ovlotlatgaeg e

O
~ ol t ame
vV 0 taaeell
A higher actual cel | voltage reswlvtes pion elno we
| osses. Therefore, understanding and mini mi
overall performance and energy efficiency of

3. Results and discussions

This section presents the results of the st
Pyt hon model coupled with a vari @blpe opdauvceri o
behaviour. The anal#hwesus psercodduepedsener ng

i nput power varied continuously frodemelnin

model was developed in theubblobveeseati @huBea

20



equations sufficient for simulating the tran

Python coding for the mhdeR)i s presented in

3.3SyYstem specifications.

The simulated sysktWwsml| @aonsPiVstpsanefl ao2bdected

el ectrolyser. The solar power profi-d®urused |
dat a[blsred repr-beentpeni ad (6: 00 AM to 6:00 P!
data points at 1 minute interval

The specifications of the elsetresyPEM alect
modHdINand are summa+i se&Sd men phalalmet 8r s are n.
manufacturer 60s website, so the yNagEMesThfer om

thermodynamic paramet-2rs are |isted in the T

Tab3d2eSpeci fication of the PEM stack.

"EHTI HT "H'1 "HI Value Unit
. O AIRBAITITT O 25 Cells
-1 1 AAGNEADEA OA O 18.016 g/mol
-1 1T AMANEAQEOAOI -CAT | 2.016 g/mol
- 11 AAGNEAGE® U C-Al 31.988 g/mol
- Al ACAGERAED® AOO |0.0254 cm
I AOKDRDAA 100 cm?
FIl ow rate of 48.61 mol/h
AEAOITTAO®OAIO% ¢ A 1.48 \%
Vol ume ofaposadéo@d¥al 0.001 m3
Tab3d3kTher modynamic parameters used in th
Parameters Val ue Uni t s
51 EOKQ@AT OQAT O 8.314 J/(mol-K)
AEAOQITTAO®DAIC% G A 1.48 \Y
& A O AMIAIUO BGAT O 96485 C/mol
I PAOADNETBEAA OAOOC 353.18 (80) K (°C)
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The foll owiegnsassiessingcuse el ectrolyser’'s
i nput by evaluating overpotentials and vol!t

behavi epurroductH on.

3.3P8a8l arisation curve

The polarisation curve is a key performance
relationship between cell Bolptreagenasdtber rpe
behaviour at an operating predfissreudgfvel i &t m
assess various internal voltage | osses occur
voltage increases with current density, and

|l osses. Typicall y,hrtotueg hv dlhtraege diidd®ercecndcurmnrsgi

ohmic | oss, and concentration | oss.
3.0
Standard Voltage
I Concentration loss
2.5 1 Activation loss
I Ohmic loss
_ = = Cell Voltage
S 2.0 A
[0)
3
= 1.5 1
()
>
8 1.0
0.5 +
0.0

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Cell Current Density (A/cm?)

Fi gB8B€urrent and voltage characteristics of the

Activation | osses dominate at | ow current di
kinetics at the electrodes. As the <current
prominent , rising |linearly beceumsemborfamnme samsd
el ectronic resistance within t he cel |l C 0 mj
concentration | osses can occur when the supp
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rise in cell vol tage. However, i n the prese

mi ni mal

3.3V8lIltage efficiency of the cell

Figu4d ei I3l ustrates the variation in voltage e
to cell voltage. Voltage effinciuemaywiyo!l dafgien
the actual opuer at ianngd viotl t agreves as a key p

el ectrolysis systems.

1.1 T
: —— Efficiency
1 === Thermoneutral Voltage
1.0 -
|
1
1
0.9 - !
1
5 i
= 0.8 - i
T I
= 1
2 !
& 0.7 1 |
£ i
1
1
0.6 H
1
1
1
0.5 1 |
1
|
1
0.4 . — . . . . .
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Cell voltage (V)
FigB#&he voltage vs voltage efficiency of
As shown in the figure, the efficiency remai
vol tage i s bneeluotw atlh ev otl teargneo, whi ch i s indica’

at approxi mately 1.48 V. Thper atmpng ewi tthh am
overpotentials, and that the suppl isepd ielte cntgr

reacti on.

At the thermoneutr al point (1.48 V), the sys
the reaction, both electrical and ther mal, i
voltage increases, the efrfeiacieemay viobegiamge ted f
the rise in electrochemical | osses, i ncl udi
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voltages, a |l arger portion of the input ener

into chemical energy in the form of hydrogen

Therefore, optimizing the operating voltage

performance of PEM el ectrolyser systems.

3.3. 3. Power | nputs

The solar panel
energy in a&aedaytriome 6d&tla AM to 6: 00-mPMut & th

s installation capacity is :

interval

Figugei IBlustrates the wvariat i-loomur np eroil ad. pTohwe
out put gradually increases in the morning, p
evening. The black dotted I|umepdwert hteh afti gtulre

el ectrolyser can consume at full capacity.

—— Solar Power Output (kW)
——- 100% capacity

Power (kw)

T T T T T T T T T T T
6:00 AM  7:00 AM 8:00 AM 9:00 AM 10:00 AM 11:00 AM 12:00 PM 1:00PM 2:00PM 3:00PM 4:00PM 5:00 PM 6:00 PM
Time (min)

Fig@be Sol ar power profile from 6:00 AM

Fi gugd er 8presents the input current and volta
t hehd2r period. The-lvoketnageetahi bnsbi@ nanre
due to the combined effect sg otfheacltaweart i onr rae
the voltage remains -tebaVivdbowewsemabl &@s arlpeing
and the current reaches its peak i n midday,
2.14 V per cellheslhtilse bexhmerd toaud tnradrcd fr om t

activation and ohmic overpotentials cause th
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v — current
150 +
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04
T T T T T T T T T T T
/ ' —— CellVoltage

6:00 AM  7:00 AM 8:00 AM  9:00 AM  10:00 AM  11:00 AM  12:00 PM  1:00 PM 2:00 PM 3:00 PM 4:00 PM 5:00 PM 6:00 PM
Time (min)

current (A)

= ~
[=-] o
L L

Voltage (V)
5

1.4 4

FigB6Eenput current and voltage relpomnspgenifodhfort
single cell in the stack.

3.3Sdatic ankPbgdamtcohlh Compari son

Fi gufr ec@dmpares the hydrogen production rates
over -haut2solar day, PMomTBeO@r AMutbi &n O0Dat e
kil ograms per minute (kg/ min). Il n the stati
i nput current. This is because the model as:

and fully comngierr,t ewi timdwt hayadaoounting for sys

Il n contrast, the doymmsfiaminibdeés usewhiach i cn@u s
response in Ahndrogeme eothpit@ant values do not
prodycthigwtnmi ni mi ses the | ag dubrasheggd pcemr i ohle o
constant thared®re, a time constanfThok 8Bemag.l
is most noticeable in the early morning (6:3
rapidly. During this pmertiiondh,t etshé ydlymagminc pmod
to the static model, as the system takes tin
Both models yield similar production rates d
reaches a steady state, there is no dynamic

decreases, the dynamic modedelagyae ch dwag br d lhee:
| arger tihnde dgednmseteannttsh et t wlouotmed e la slofpin foddruetd § e0 n

wi || g iemial ar
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0.0025 A

Hz Production Rate (kg/min)

0.0005 4

0.0000 =¥

Fi

Th
ovVv
sy

st

Al

w h

Th

pr
r e

pr

0.0020 4
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H: Production Rate Comparison

Dynamic Model

T T T T T T T T T T T
6:00 AM  7:00 AM 8:00 AM 9:00 AM 10:00 AM 11:00 AM 12:00 PM 1:00 PM 2:00PM 3:00PM 4:00PM 5:00PM 6:00 PM
Time (min)

gGBT7-€Eompari son between the hydrogen producti on
durinlgoar 120l ar day, from 6: 00 AM to 6

is comparison reveals an important | imitat
eresti mate hydratddiegn nagv aialpd ldi Ipiotwye-powbardes.
st ems, such overestimation can | ead to in
orage tanks, and purification dryers.

though it i s more lkeotmpdrexrepgrmes arytna mh ¢aw mtohd
en the input changes. Therefore, it is mor

3CGmul atprveeduwHct i on

gure 3.8 presents the cumul ative-hbydroge
mul ation period for both mhewtdesatainte and dy

the early part of the day, the static mod
because it assumes instantaneous convers
counting for system | oss or gas buil dup ti
e dynamic model |, on the other hand, exhib
oduction during the i nctcbdhadfafhebcutr,s.whlihcdhs de
| ease of produced hydrogen. As a resul t,

oduction curves.
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Static vs Dynamic H: Production (kg/min)

1.4 4 = Static Model
Dynamic Model

1.2 A

o o =
o @ =3
| | |

Cumulative Hz2 Produced (kg)
o
-
1

0.2

0.0

T T T T T T T T T T T
6:00 AM 7:00 AM 8:00 AM 9:00 AM 10:00 AM 11:00 AM 12:00PM 1:00PM 2:00PM 3:00PM 4:00PM 5:00PM 6:00 PM
Time (min)

Fi g@8&€umul axpirweluldt i on ( Static erodrdyre& mmon mbd e |
ti me ciomsRBEM:¢t

1.0 —+— Absolute Error

0.8

0.6

0.4 4

Absolute Error (%)

0.2 4

0.0

T T T T T T T T T T T
6:00 AM 7:00 AM 8:00 AM 9:00 AM 10:00 AM 11:00 AM 12:00 PM 1:00PM 2:00PM 3:00PM 4:00PM 5:00PM 6:00PM
Time (min)

Fi gB89Percentage error betweempcoctukcaiione st a

As the simulation progresses and the input c
of the day, the difference between the two m
PM), both models produce neariltyh tdaedisfafmer ¢ md
than 0. 05% as -%.howhhd nAbFsiogluurtee 3error i s cal c

bet ween cumul ative of static and dynamic mod
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3.4Concl usi on

This chapter present ealstaatd eampaanrdatd wrea nmaincal o
el ectrolyser subjected to variabl e -bpsvedr ir

simulation evaluatetl2 sls treesp rpeesrefnari magn cae toyvd re

The results show that both models produce ne
t hlehowi mulwitti opnan absol uthe | er rtohre odfy nGa.md x£% mo
slightly | ower prsepe&ec@itdne agtenri pa welfa crtaypaitdi o n
duet te ti me constant ef fleODd0t%apati tgawhehbh nosd

For the foll owi ngt atheapdiemwsl, attihen shhaesadlyeen c
prediction of hydrogen producti on.
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4 Il ntegr&RénewablfGedeéemaddogen i nto
Resi déAppl atations

4. Il ntroducti on

Renewables such as sol ar andrneondconsiest ent h

to suppl yevelrgcthbacocy ogr tsou fafcihciieevnec ys e(Iwi t hou't

grid). Green hydrogen produced via electrol"
promising solution. Unl i ke batteries, green
eXxt enareidodps wit hout significant energy | oss
fluctuations in reneiwhdhtei &@InedgmamsdppTlye anam
installed renewables with PEM electrolyser a
promising solution in the NZ context.

Thenesgygtem refgudrefgegprodwvsauadlfursomenewabl e

compressed, and stored, then wused to gener
producing. This potl emtpi afdagrebosne mtoe st i awect o €&
emi sqisacrhp e mi sisnivoon sv)e d . This integration appr
100 %-swudlffitco ebey dohi eavesd denti al applications
grid, while also addressing the intermittenc
systems.

Thi s chapter e xeachoi nnoensi ct hfeeasebhho tiynsofal i end

-

enewabl e energy sources with greeffhydeogen

a single residential house. Thrleye impteigams efdc
green hydrogen have been studied: sol ar PV,
Ssyst ems. Key research questions include:

1. What is the size of-hydr ogdrggyadteamrreea g wiar
residenti al demand of one hotwsud fatcieh,cy770, 9
2. What is the corresponding Levelized Cost
seddfficiency |l evels, compared to the averag:

as a benchmark cost ?
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Th

an

. 2Met hodol ogy

is section provides a detailed discussion

d the energy balance equations used in thi

.2SyYstem description

Si mublaasteidonapproach is used to model the sy:
s performance. The system is modeidtliene usi
usblar and wind profil es, as wel | as resi
oftop solar array, a rooftop wind turbine,
Proton Exchange Membr ane (PEM) fuel cel |

Management Systenpr(eessMSur,e ahnydd eao ghamggkn( H The ef f

of the systembés components has been consi de
mentionedl.i nTHeabdiezidng of the auxiliary equi
system and t-hhef fliecvied n coyf rEelegeufi d eetmee nf o r sol ar
generation has been t aKgn Tfthreom etsh el eRdn ewa hloe
been taken from the actual dMmart metering of
Tab4leThe systems auaxnid itahreyi re geufifpinteinetncy .
Par amet er g Value [/ R Source

Residenti al Hourly demg RN

PEM el ectroly 70 % [N

PEM Fuel e f 50 % [N ¢

Compressor ¢ 90 % [N ¥

l nverter ef 97 % [mn

Solar / WinHourly gene [ME
The system data has been evaluated on an hou
in supply and demand. The Energy Management
by rooftop solar and wind, itsheuteixlciessesd abmyo utnt
el ectrolyser to produce green hydrogen. The
350 Bar and sptreersesdurien stthoe ahgieght ank. The st or e
to produce electriclihiys fmetnmh a ch ei sP Bk aftseoe | a sc etl
Power (P2G2P) transition. The heat produced
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recovered and utilized for space heating or
cel |l heat recovery have,bnuott abreee narceoanss ifdoerr efdu
Schematic diagram of the integrated system
Figulr.e 4

_[ Power generation } [ Energy Storage & Supply ] Load Demand l_

Fuel cell

Electrolyzer ~ H, Compressor  H, Tank @

ol X

A > = /\
: T, N ~ %E 4 ()
Solar panel Liam F1 wind Inverter EMS \—/

turbine

Inverter

Figdt:8chematic diagram of the integrated sy

This system utilizes three options for rene\
PV, rooftop wind, awdndpofihbpghsgbeddwsbhaa P
storage as an additional powdres prplfyorsmawmrcee
integrated renewabl e hydrogen systudémi &iasn chy
hydrogen production rate, anduféveleneyg dest
percentage of total resiimdentoaflt adpe meamde walalt e
stored green hydrogen, without relying on t
hydrogen production rates to assess how much
dai |l y. The LCOE hies cagpliduwllatceods tusionpgertat i onal
|l ifespan to determine the cost of energy (NZ

4. 2EBergy bal ance

The energy balance equation ha[lP b eTehne cproevaetre
di spatched from the solar photovoltaic panel
by the residenti al house, and any excess po
produce green hydrogen andntoasbmpwhesa t hebt

from solar generation, the power produced fr
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over time (t). The power bal angeatgoati(dnl]j
LHS represents the power supply, andat henRHSE
(4.1).

OrcO UpyO0 Uy n® Uoa® UeLO0 UOcomO (4.1)

WhepPre(ti)s the power produced fPra(mi)s hehéupbwe
produced from sol ar PieNbtimvieme epowerrpit deaude d
turbine inverPt(frti ) ®vehetpewei meonsumpti on by
tiMe(tis the electrolyser powkdsapt BN g hmptriecn de

electricity demand over the time. AlIl the pc
the electrolyser, whereathpanalréestupedddcee
inverter. Al possi ble combinations of the p

(4.1), and their efficiepmatyi dWast)pb4be2l coavs ses s e

l't is better to consider the efficiency of
efficiency in Eq. (4.3), and the inverter ef
Pheo - t- 5 tPEGo ]
P5c0 - mr tP5c O T®
PPVo PRCND - nor tPR¢o PN (4. 4)

Whi4 a@as the effici €gAgMdcpo ft htehe fffu eli eayedyl ,of t h
i s the efficiencylrvof wiNbEe/toBet edbf yseencandf
windaverter.

4. 2FB8el <cell producti on

The system operates in fuel <cell mode when t

is insufficient sunlight or wirned.s ulrhee tgarneke n

is passed through the PEM fiuril avgi el n toh @ r aid

The stoichiometric reaction of the PEM FC op
CFQ OFQ (O Q QaQOiREMEAMOHO 18

To cal caflfaitei drheey of the fuel cel |l i ¢ hteakhemgh
as the reference val ueEu2=T hled hyMX/olge ndrs Eh.ed 4
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The fuel cel l efficiency is the ratio of &ele

— &C Ta)
Q.
WheEei s the energy prod@Ogiesd tbhye tihnet rfoudeulc ede lelt
hydrogen. I n this work, the PEM FC efficienc
By <c¢omlgq matnigon (4. 6) above, the energy defi
de GEF &

Q,t—+apaac)
Whenhgis the mass ofpedhhgditdhgerdeifn ckgy, aBount

according togpdabyjes rtelsarl € 6f i ci encuHgi soft hteh es piencvi

energy o2fi nl1kgvhof H

4. 2H¥4drogen production

The surplus energy from the renewables has

electrolyser. The surplus energy equation (4
(0] 0O (4. 8)
O i's the surplus electricitY psottbheeccd!| Ecom

d ectcomsumpti on.

The amount of hydrogen production entirely d
hydrogen produced has been calcul ated wusing
Q t—-,

a w, Q &
2

whelEzg s the energy inmpius thoetdbdleeectl racEwDRIy'se e

the energy value of the hydrogen.

4. Results and discussion

This secti oo deirdréesselpttss atr hses in dhéomutfsiread Imc @ hee st udy

conducted in Whitianga, a .Thue asydtoevm has tlhee
with three options: rooftop solar PVwimadofto
turbine system, each integrated with -green
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sufficiency in a single residential applicat

hourly data collected from renewabl e energy

For all three options, the anal ysgusatha@asasbe¢dn
4.9) to calcubkaftféichencgyehydfogehf (H ) stor
Cost of Electricity (LCOE). bey tilsi st heo natmeoxutt
electricity supplied by the fuel cell, calcu
production and resi dresnefierls etloe ctthrei ctiottya Id een aenc
renewabl e sesodernset essht he Rgortion of that el
residential%demameépr €&€bentis the amount of hy
meeting elecftramitle dbwheelrcdeceal Ipositive valu
hydrogen production and a negative value 1in

detailed results and comparisons of the thre

4. 3Salar PV integrated system

This subsection assesses the integration of
hydrogen to meet residential energy demands.
5 kw, 8 kw 10 kW, and 11 KkWwd eRakcNh ecloeucptl readl ywsi
fuel cell s, and Thhye r omperno psrhioastaen e shitirasmexki smoumm t h e
resi demtainadl val udsri n hteh &agmi@epgdears ent s t he s pe
of ftohseoti et egr atsedk naywtosmh achi eve-swdrficuenkcyg
The siersdiiltdghdattceenari o 4, whi c s odanms iPsvt ss yesft ean ¢
witbg KPVEM el ecat rooPliyWetr yuel 68 eckiiy st arcaagne hi ev e
compl ete -$aDDP4Eh reeWighheo uen.t i re year

Tabd42eSpeci fication of the solar inteurfdtiedenycyt
Variables Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4
Solar PV 5 kW 8 kw 10 kW 11 kW
PEM E 4 kW 6 kw 8 kw 9 kw
Pem FC 8 kW 7 kw 6 kw 4 kW
Storage 20kg 32 kg 55 kg 68 kg
selfsufficiency 61% 80% 94% 100%
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The 11 kW Sgervarsi d ud)t her analysed across fou
basi s,esaifidlsl uasrter at €d DurkFingunéed4d summer , due
hour s, most of the electricity has been supy
by the PEM el ectrol ysdrordtoeapr wwidgoheb enggreaem hy .
stonageoverage | ow s.unlln gWwitntdeary,s ol yped i bhaws
produced from tdhee stodlais i lpramniedand saityh e trienset o f
el ecthraisc bbtepm|l i ed frwoimastheed¢ d ephryadewwajectthi Wh@s i ng
ohi gh elkeeHfdikdihseymme r

Summer Autumn

Electricity (kWh)
N

Electricity (kWh)
N

Winter Spring

Electricity (kWh)
N

Electricity (kWh)
N

5 10 15 20 5 10 15 20
Time (h) Time (h)
= Demand - residential house Supply - Solar ---- Deficit - FC supply

FigdePaily power flow analysis of an 11 kW roof

seasons on @8céwarilg dhasis

I n spring and autumn, solar | evels have incr
been suppliwewdtbyesoéas PWMWpducing hydrogen fo
by the fuel cel | . The exact daily balance v
capacity of hydrogen storage electricity pro
the entire2)y.ea3malTladr el ilvel s of hydrogen sto

| ower | esef6i ofeneVyf
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An energy obablenctee gsryastteedn!l he@aesn i1l |l ustrdated i
Starting with 100 wunidrml yf2@®.l%kcumniitdgrtdya ftehame
solar energy to meet69r eushi adsesnbt e ean udseenda nfdg r wahri
productionb5touoprntetdeceéer28ity for the house at
A | arge amountb6ofd hmad thed sloe dbteen produced, of
captured and used Bbrnbotegateemantdsspabeshe
area f or Thuet uprreo cweosrsk .uni tekeffcceeragxyotdenbées:

in the energy system.

Al YHIIL t We URAPI o RERIVUH! W PIHOILE + q IJ WG ¢ q

7 ¢ taRIMMILR ot W G[ A aql RAERq
P @ N IR '

— {1 H ) ket & 0 E
MeHErD UAaql RERaq! |UqY 1J

4 6
o

CHU TH

EYaél WA

Iz

N MM

T MR

FigdBEnergwnfdl @ewficiency bhgdkogemrgoysttadstdclear P

residenti gEx aammplléd cati on.

Montwégkanyd daily enerwgpysohnldaw hmoaabelleyri,aa gs u mmar
at the monthl ynl &b laaidd Bplrpeesr eemgpsetdi loyr mance sh
thatesepgygdu(©Ot) oex cteheed ed g manrede d esde-dfdd f iicn ency
ei giotnt h$hi s ibsy inrmhdei aotsed i ve h@dr og)@murp mgduc

—+

hose .momaoabhbhsast widmemnigst h®ay, Junel edturdiygi ta

(7))

upply requsuepgdossimgoiriyefdir ogrethuel.acdthhbes i s refl
hreeregati ve hydrdwretnh gpsreo droasti heesx padeantaendd, ftolre

—+

el ectgreineirtayt ed b Y }pheca kfdude dfiscave Inine 6 twhhseen s ol ar

(¢

nepgyduwaato nvd st | o
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Electricity (kwh)

Tab43Mont hly energy balance analysis for an 11
year . (Scenario 4)

Month FH KKWh) | Fe pakWh) | F oo(KWh) | e w1 fKg
January 2037 375 324 10
February 1712 314 296
March 1613 336 309 4
April 1413 325 328
May 1075 288 466 -14
June 873 274 498 -19
July 890 267 544 -21
August 1158 266 441 -10
September 1467 209 240 8
October 1601 242 178 14
November 1889 269 187 17
December 1987 397 308 9
Total 17716 (100%) 3561 4120 3 (Excess)

2500

mmm Supply - PV
Demand - consumption PV
mmm Demand - supplied from FC

2000+

1500 -

1000 4

500 4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figdsabonthly electricity production, consumpt.i |
integr at(é&d enystiomi4)
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From F-4,gutrhee 4maxi mum sol ar el ectricity produc
of January, which is almost 2000 kWh/ mont h.
the month of June, whi chSiignidgdqguasurdtl extess 8@
PVarnceetdbdoughotgubahenpeéiyel ectricity via hyd
However, the annual deficit of 4,120 kWh of

4. 3WRnd integrated system.

This sect i orerevoalmaantcees otfhea wind energy syste

and storage for a single residential applic
turbine installation is |l ess typical for re
t uirhbe, developed in the Netherlands, offers e

insta[llkati on

Four different wind turbine capacities: 1.5,
a PEM electrolyser, fuel cel Il , and hypf@rogen
integrated wind systaermiwivtimgdivfafrganoditi ¢ eeaed Hr
il 1l ustnr atedod eAmoong t hesScewomarfiagud ak Wowmisnd t ur |
6 kW PEM electrolyser, a 4 kW PEM fuel cel |,
seddfficiency.

Tabd44eSpeci ficat tion eqfr attheed wiylsd em ac-Buéviogewayi

Variables Scenario 1 | Scenario 2| Scenario 3| Scenario 4
Wind turbine 1.5kW 3 kw 4.5 kW 6 kW
PEM E 1 kw 3 kW 4 kKW 6 kW
Pem FC 3 kW 3 kW 3 kW 4 kW
Storage 18 kg 29 kg 52 kg 85 kg
selfsufficiency 44% 2% 90% 100%

Fi gubiel l[dustrates the hourly power flow throu
shows that wind generation highly fluctuates
|l ead to reduced power generati onn,cornetqruaisrti,n gat
experiences strong wind generation, supplyin
demonstrates moder at e performance, wi t h ni

suppl emented by a fuel cel It heeurpionwe rt thea sd dye.e
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from both

seasbbmnppl gemairdblo slo | ar

wi nd alneds es t roensdud ctdady/ rdir toigemaibfe t wa € e

anyd thaingnhdl i g & é df urbteh er

invesongwliri d approach and how it can fit in
Summer Autumn
5 5
41 41
= =
3 37 3 37
=3 =3
- 27 - 2
= =
80— s 1 @ 0t
w S R AR
-1 4 ST \\'/ -1 4
_2 T T T T _2 T T T T
Winter Spring
5 5
4 A 4
= =
3 37 3 37
=3 =3
- 21 - 2
= =
.§ 1 .§ 1-W
T e et R B T | e
w | N\ w
-1+ —1
_2 T T T T _2 T T T T
5 10 15 20 5 10 15 20
Time (h) Time (h)
= Demand - residential house —— Supply - Wind ---- Deficit - FC supply

Figdbsbaily

power fl ow anal-iymstiesgrodt ead 6s KM e od d ro

seasons on @8céwarilg dhasis

The annual energy balance analysis of -a 6 kW
5. Maxi mum wind production is observed in Al
Mar c h. The =energy bal ance analysid eneregq@yl s
production exceeds the residenti aprddmanidona
However, there is an energy deficit from Fet
due to | ower wind avail abafl itthg e nmOenn aatne da nenlueacl
is consumed directly by residenti al househol
producti on. This seasonal variation directly
t he sHKhrsdmmF-6,gutrhee 4maxi mum el ectri city product
during the month of August, which is al most

recorded during the month of March, whi ch i
annuacli tdeoffi 2, 196 kWh of electricity needs t
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Tab45Mont hly energy balance analysis for a 6 k
(Scenario 4).

Month Fi4 KkWh) Fe pA(KWh) Fr r4kWh) T —pe Wo {Kgh
January 1254 523.73 174 2.53
February 920 428.41 178 -1.93
March 571 327.13 326 -15.20

April 854 422.80 220 -5.54
May 1229 449.51 311 -4.80
June 1232 487.71 282 -3.71
July 1453 613.79 197 3.10
August 2418 641.14 70 27.34
September 1812 382.36 76 20.86
October 2001 368.89 46 26.25
November 1178 343.77 105 8.49
December 1279 513.22 212 0.87
Total 16202 5502 2196 58 (Excess)

2500

2000

Electricity (kWh)

500 4

Fi gd6Bont hl y

15001

1000 4

Jan Feb

Mar Apr

Jun Jul
Month

electricity

m Supply - Wind
B Demand - consumption wind
mw Demand - supplied from FC

Sep Oct

producti on,

Nov Dec

consumpt.i

i ntegr at(est enyagtiom4) .
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4. 31 Btegrated hwibmd dsyoteam &WVWer gy anal ysis

This section analyses the hybrid renewabl e ¢
PV and wind turbine technology, i ntegrated
residenti al house. Although the setbtriindg sapdpu e
complexity and space constraints, recent ad:
cost have made t hi s [dhp plrhoea cshp epcriacitciactailolny ovfi a
systwemh three decemgaridos oaraec hi e vwseu fyvfarciicewnsc yl,
il lustratéed AimonTgaballel ,4 t he sysi @qohhwibtr h d( 8 alWc
i s the best possi bl e -sopftfiidod ctex@ya d loi eve compl

Tabd46eSpeci fications of the hybrid inteygffaiteide sgys.

Variables Scenario 1 Scenario 2 Scenario 3
Solar PV (kW) 1.5 kW 2 kW 3 kW
wind (kW) 1.5 kW 2 kW 3 kw
PEM E (kW) 2.5 kW 3 kw 4.5 kw
Pem FQKW) 4 kW 3.5 kW 3 kw
Storage (kg) 13kg 28kg 50kg
selfsufficiency 61% 80% 100%

Fi gufreep&ds esents the power flow analysis of tF
for the 3 kW + 3 kW Spemani Beae3thytha | Wi ¢glylsit @ mt

ability to balance | oad and generation more
During the summer, sol ar PV meets most of t
supplied from t hiend ugdneredtli.on ncavntnrtiebyt evs s i
and night, compensating for the reduced sol a

Overaltlhe hybridotayséemamcondgiogt emastp oonMmert hse
t hroughout the year, whi ch dnuacyt i omes ualntd ifrnu ed

resulting in the reduction of size in the au
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Summer

Electricity (kWh)
Electricity (kWh)

_______________

Electricity (kWh)
Electricity (kWh)

10 15
Time (h)

- residential house

Ul 4

= Demand Supply - Solar

FigdrbPaily flow

system across

power

di ffer drstcenmamas mns3)on

Autumn

Spring

-2 T
5

10 15
Time (h)

---- Deficit - FC supply —— Supply - Wind

analysis oRV (&8 wwiWwd i3ntkedr

an ho

The energy balance of the hyb+idThestremumad st
that 52% of the annual energy demand was sup
by fuel cell

Fi gu8pea esents the monthly power fl ow analysis
seasonal contribution from both solar2 and w
storage capacity, due to a more balanced gen
capabl e of operating for approximately 32% i
its abilitypyufdbiackneye self

The hybrid option can provide flexibility an
supplies dayti me energy, especially in summe
nighttime or partially in the winter period.

4 2



Tab47eMont hly energy balance analysis for a (3
system ov(eSc etnhaer iyoe a3r)
Month F4 KkWh) e E2(kWh) Fr r5(KWh) T —pe Mo KON
January 1183 560 138 3
February 927 456 151 -1
March 725 414 239 -9
April 812 462 181 -5
May 908 486 274 -9
June 854 479 291 -11
July 969 553 258 -8
August 1525 606 105 10
September 1306 387 71 12
October 1437 374 41 16
November 1104 376 73 9
December 1182 566 160 1
Total 12933 5718 1981 58 (Excess)
1000
Solar PV mWind m Fuel cell
800
=
i 600
2>
[
5 400
Q2
L
200 I I I
0
Jan Feb Mar Apr May  Jun Jul Aug  Sep Oct Nov  Dec
Month
Figd8Mont hly electricity consumption profile
wind 3 kW) hybriidcembegoatdéd system
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4. 3HAt orage analysis for three options with

Hydr ogenc asptacce agre uci al f or maintaining-a rel.
based whyertee mhiysdrtiolyenenergy espeaigal mgdwhienn g
demand do not match. I n this study, green hy
energy via a PEM electrolyser, stored at 35

periods of energy deficit.

Tabl-8 dompares the hydrogen producti on, con
systems: solar PV (11 KkKWw,i ndi md¢ st & mk\W)3, kawh &
designed t o ascuhfifeivcel @indc@64-68 e | f

Tab48Annuaplrolucti on and storage requirements

H
‘ H, consumed H; storage tank
Systems produced H. excess (kg) _
(kg) size (kg)
(ka)
Solar PV 250 247 3 68
Wind 191 131 582 85
Hybrid solar PV &
) 128 119 9 50
wind
As shown -8,n allalbltehriee systems generate sliagh
over a year, resulting in a smal.l surplus.

varies significantly based on theg 9©§ystsdm.r ab

primarily because it generates a | arge propo
t he sdaopagaeedtdo be sucfafrirciieetmovtpo mteoer . -i Mhte gwian & d
system produced | ess hwtdeggéenesomparadet of s8

the irregularity and highttlyr vyiagh @abtl et matwe a&r

Il n contrast, the hybrid integrated system he
seasons, reducing the storage seaf§bti EeEgang. to
49 presents the cumul ative hydrogen storage
that achi eves esounipfliectiee n(clyQ O %)hesdlifndi ngs i nd
which combines both solar iznénwi nd eemdr diy,dra

This combinati on thiedmps itro eémdragiyw eg € aircd tuiao n
4 4



power supply and a reduced need for | arge st

i mproved, and both storage size and overal/l
80
11kW solar 6kW Wind 3&3 kW Hybrid
60
40 3
o
~ >
(@]
< 20 |
(]
o
©
S 0y
(%))
2
20 | o ! B
8
-40 |
-60
0 50 100 150 200 250 300 350
Days

Figd9eahe cumul ative prbobdoecghont of hgreear Hf or t he
achieving compuéfec(2a0%) self

4. 3LBbvelized cost of energy (LCOE)

Levelized Cost of Energy (LCOE) is a cruci al

viability of different energy production tec
el ectMZlBWhYy enerated over the systemods | if
operational, and maintenance expenses over i

I n this study, LCOE is calcul atisd|l faor P&acwi ¢
and hybwiddsohderisviafri ousnselfevels (50%, 70
LCOE is calculated {ising the standard for mul

B =

0605 0—7F

B -

p i
Where t is the total diid etthenet otusluadd gyt tafk etn
capital expenditure (CAPEX), operational e X
| i f e®il snet he tot al electricity produced over
factor. The analysis is conducted for 25 ye
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mai ntenance 8r¥% ods stuhnee dC AaPsE X . The costing p:

auxiliary components c¢c9st have been | isted i
Tab4%Cost specifications of ¢t HleYIdguxiliary egq
Specifications Cost
PEM electrolyser CAPEX (with BOP) 1,600.00 NZD/kwW
PEM Fuel cell CAPEX (with BOP) 800.00 NZD/kwW
Solar PV CAPEX (with inverter) 2,400.00 NZD/kW
Wind turbine CAPEX (with inverter) 2,665.60 NZD/kW
H, storage CAPEX (including compressor) 960.00 NZD/kg
All three integratedubptcoescwi (hOO®mMpaereeas
For the resffoftiehmheysélefvel , the el ecltadeali ty
grid. No r evenuezpgreondeurcattiioonn hfarso nb etehne ckbnsi de |

FiguiLéepre&4sents the LCOE values for t hree op¢g
suffici enxciys. rTehper exsent ssstuhei pr e p eayxtiisems Hootw S leté

LCOE in NzD/ kWh. The capacity (kW) imctehe fii
capacity such as solar, wind and combined v:
price (Whitianga) is kept as the benchmark r

three options.

Among the three options, the rooftop solar P
O. RED/ kw¥ht h 1 60% fd.eliThrecyy ncrease i n cost i s ¢
of the equipment that bridge seasonal gener a

The rooftop wind opteifdrecitsve] i gohiNBDR/LkGW@Ee o¢
although it requoraegetbaepbarggepstduél to highet

and unpredictability.

Il n contrast, rooftop hybrid options consi st
sufficiency | eWEZDs ktWihwi & & h itehves uOfl 15026861 esred ¥f. Th
effectiveness indicates that the hybrid app

requi r ehnyednrte gfeonra g e Accraopsasc iatlyl. conf i gurati ons,

4 6
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Solar
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£3  Wwind
0.8 1 Hybrid
- Grid M8
2 > e & _
0.6 - E
X N
2 & 2
» 3
w 0.4 o Y
[*] 4 0
3 ® 8 ©
0.2 A . 2
0.0 T T T T T T 0
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Proportion of Self - Sufficiency (%)
FigdteLCOE of the three different | nduwfgfriadiean csyy.s

Hi ghegsufsfeil di ency | evienltsr oddeuccrtai agsielPavkistwa ntldly o r i d
The high LCOE of tehaec he xspyesntseinv ei si ndsutea [tloat i on
accounts for approximately 40% of the CAPEX
and%f7dr .Wol laa eSS @ c thiyadmr oigren st @OBqre tclhoesthybr
approachOmBYDAEK Wwhp

4. 4Concl usi on

This chapter has syst entaotniocnalcl yf eeavsa lbui a tietdy toh
hydrogen systems incorporating rooftop sol ar

turbine systems for a single residential app

Among the three options, the hybrid solar PV
and -efofseacti ve, %aehdfefviimigenlcOy0 at a | evelized
O. BlZDkWh. The satchhe rd%eedd®mM ci ency at relativ

The hybrid results are especially relevant
Northland and the northeastern part of the |
0.8545 NZDU&kWhqg transmission constraints and
hybrid renewabl e energy systems could reduce
security, and promote a decentralized approa
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Additionally, from an envihrydmrmeln taap p rpearcshp etcc
residenti al houses nationwide could potenti e

tonneseqti C®l er), (BEUpEORtiIiNg the nation's su

4 8



5 Case study: Remtevagb &dGrieotHgpna fo g e n
i nt oCotmmar ni t vy.

5.1 ntroducti on

Most of NZ6és national electricity is produce
demand was supplied f{PrMHaviogsicll of6eel $0il10Q

el ectgreinceirmagteidosn t o be addr ezsesreod etnoi sascihoinesv et atrh

[PN Small urban centres (remote towns) play
growth and consume a substanti al proportion
A case study has been conducted in the Coron
and holiday destinations, focusing on intec

hydrogen o Hlupport transportation and energy
touri st seasons, t he Coromandel region expe.
compar ed dtagy sr,egwleart o a huge influx of tempor
NZ and the worl d.

The objective of this work is to cgeopamewand
solar PV electricity to the Whitianga regio
substation network, tiepbaghfarmherceaasi ngbe

gener atipPN dy8tkW per house of rooftop solar

A holistic approach to renewabl e energy mod:¢
encompassing demand for transportation, com
rooftop sol aup selee@trriiogi thyackt or aagae efdr ami BY |
already est dboriidh g dv 2\&Eh Jiacpllpér eo-atcebntorma ¢ f easi bi
the two scenarios has been assessed using tt

year s.

5. 2Zase study

The case study has been i mplemented in the N
energy and green hydrogen into tihecloedl i oot
Coromandel Peninsul a, known as ac hpesewl afrorh
conducting the case study. According to the

residents and sppfPiPs an area of 17.2 km]
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Due to its |l ong sunny hours and geography, i
with an average irradiance and temperature
2025, Lodestone Energy, a pi oinoener pilnanssoltaor ip
32MWol ar farm in Whitianga, a town in the C

from the solar farm is expected to be fed in
During the peak seasons, such as Easter wee
popul ation of the town is increased by 5 tin

puts pressure on the | ocal gr igles rtersrud u g mgu t
region (communbOyhouflTgppeal ygar50mainly duri
net work candt sustain [PRe Isnugmmliy duruidryg d diret
(I ocal grid) refers to the distribution of e
surrounding towns and vill ages. Il n contrast,

transmi ssiicoint yo ff redne cptorwer pl-waonlttsade® tsudrsgd @it s <

This study investigates the feasibility of
community's energy demand, rather than expor
To evaluate this, two renewabl e integration
centralised approach, and power i s gener at
communityos residential, commer ci alsesana tr
decentralised approach, and power is gener at
residential demand of the community with Veh

These two methods are assessed from both a t

focus -toear mMoswgst ainability and community ener

5. Met hodol ogy

5.3Géneral overview of the modelling approac
The integration of renewables and green hyd)]
divided into two sceencaornioonsi ct of eass®dsd itlys ance

renewabl e electricity producti oamch Stcenaupmpl
el ectrical depsmamldarf rfoar m t3® MW pl ement t he et
Scenario two consists of residential i nstal]l

the samgap2acMWy for the community.
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5.3.Modlel |l ing of scenari o one

The modelling process block diag#lamTher modeH
evaluates the renewable integration through
has been conducted using an Excel spreadshee
The system has two primary component s: powe

category. The supply )i dend otnlse sl sceplf Tlod drr
demand side consists of r£si dreenstii dad ntyi ad d g/u
dwel | ig)n,gscqmMmer cica,l a@rdatndarndPp o rTth ed @ maamd p(oD t
(D comprises green hydrogen and EV charging

The model uses an algorithm that prioriti s
categories in a hierarchical order. The syst
l.lnitial steps:

The model calcul ates the diff ereamce be

residenti al occupiaed devedlltinge Iidre mandhdmD
val ue as X
2.Conditions check:
| f1<X 0 (deficit), electricd)t.y is supplie
| f1>X0 (excess), the surplus has been sce
3.Repetition:

The process repeats for the remaining den

- For resiidectupakdndmel |l ings (D
X171 Dg= 2X
| fo<X 0, the | o¢ias gsed. supply S
- For commerci al demand (Dc):
X217 Dc= 3X

| fa<X, the | ocal grid supply is used.
- For transpegr:t demand (D
X331 Dp= 4X
| fa<X 0, the grid supply is wused
4 . Grid supplg :approach (S
At each step, i f the solar output s ins
electricity f¢g,o0dSdSegS.l ocal grid (S
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Power supply Electricity demand

. ———occupied dwallings
Solar farm (SR) | - {Da)

Commercial
demand (DC)

Tolal damand from the salar
farm (DR} = X2+X3

Tolal demand (DT)
Dz + DR

Figb6ite@&he process block diagram for scer
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5.Resul t:
- Total demand suppliged from the | ocal gri
D= b+ 6Bt & b
- Total solar sfipplied demand (D
(B =+ %% 3% 4sKpositive values)
- Tot al demand (D
(D =+ @D

Thmodel uses the above hierarchical approach

(® to various demand categories and priorit

the solar generation, then the electricity i
5.3.Mo®Rel |l ing of scenario two

The modelling process block diagf2amTher moder
evaluates the renewable integration through

evaluates remaewablag i ementdy ough rooftop sol ar

and-oncocnupi ed residential dwellings.

The diagram depicts an energy management fra
as storage of the excess generated from the
dwel lings, the excess electbheen twys ed otdaw celdar
battery. Cothwelalriingys, itnhemolb®V battery option |
the excess electricity to the neighbeur hooo

production. The analhydsihe Excebheaspreanddheted d n

The system comprises two primary components
demand category. The power g)upapnldy as ildoec aclo ngsrii
(9 . Meanwhile, the demand side i)n,clruasisd e nrets
nomccupi ed dwe-moongs e@d@Ddwe lalnidn gesv (ela.r FEihrmalgli yn
the excess electricity has been sent throug
prioritises solar generhdteiramr ctha cnad e to rddeemma n dr h

the foll owing steps:

1. The model first calcul ates the @i fdred enc
residenti al 0CCUPA edBd=weX | Timigs ddeertaenrdmi(nDe s

excess generation or deficit after meetin
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The

.First deci si on:

| f1<X 0, thegc)opabvgded (Be deficit el ect

| f1> X0, the excess electricity has been

.EV car battery charging:

Any | eftover energy from residenti al occlL
charging.

X1-Dc= 2X
Assume that the EV car battery charging I
of the day.

.Second deci sion:

| fo<X 0, Deficit of electricity, and no
gri d.

| f2>X 0, the Excess has beeasnprsoednutc ttihorno(uHylf
.Noimccupied dwellings:
Separately, the model checks the solar el
resi deiotcicaulpineodn dwel | i ngs.

X3= rBDs

.Third deci si on:

| fa3<X 0, the | ocal grid provides the defici

| f3>X 0, the surplus electricbepgryoduwcst ibere n( H
.Final calcul ations:
The model <calculates the aggregated suppl

Total energy rRFseXd N g¥opno siotliawve Sal ues)
Tot al energy us=eds-fcbom the grid: S
Tot al enerpy odsedi oar H

Hoproduction = H1 + H2

model uses the above hierarchicalr appr oa

twarious demand categories and prioritise sc

gen

eration, then electricity is drawn from t
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Electricity demand
Power supply R AR R E AR ARERE R .

/ Residential occupied | / Residential non- occupied |

: _'—,’ dwellings (Da) /[ dwellings (Ds) /
Local grid Solar panel (S5r) : . / f
network ($6) s ./ / / /
HYTY i ......................... . . ' Evear charging (Dc)

X3 1o H2
production

Fig62€e€he process block diagram of scen:

5. 3EBergy consumption dat a

The Whitianga region {kkoonmwmumtmiol y) dayt adcdided eit $ r
for people from Auckl and and the central n
compri ses five di fferent regions: Whi ti ang

Whangapoua.

I n this study, a detailed investigation of ¢
the estimation of residentiabcdemaad @wel bicr
been done by applying the [[M®apnidc aslc aNZe dr etsoi dien
popul ation as prediPFatsed hlbownt-Ben FNHugteathi st i c

FiguBesbows the anticipated population gr ow
township has the highest popul ati on, accour
Whangapoua has the | owest popul ati onnc.r eTalbsee p
by 1.8 p.a between 2018 to 2050.
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Fig68Anticipated popul ation growth of the Whiti :
to 2050.

The statistics for corresponding r-e@weldleintgal
(temporary residents) ha¢eshbwe bDbBeneptrometct
categories from 2024 to 2050. ffThei @l HZupt &
and scaled up till 2050 based on the project

m 2018 2024 m2030 m2035 m2040 m2045 m2050
"I‘-‘I.-J[..Jl-__l-

Dwellings Non-dwellings Dwellings Non-dwellings Dwellings Non-dwellings Dwellings Non-dwellings Dwellings Non-dwellings

4000

3500

3000

2500

2000

NO.OF.RESIDENTIAL HOUSES

1500

1000

50

o

0

Whitianga Cooks beach Matarangi Hahei Whangapoua

Fig64Projection of-dawveél i nggssaadisoncs over t he
region from 2024 to 2050.
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5.
Th

NZ, commer ci al and public services also
cording t[BNTrtahnes pcoonnemmer ci al sector account :
t al NZ electricity demand. The commerci al
cluding offices, restaurants, super mar ket ¢
d nouoomty buil dings). Due to mini mal I nfor
ectricity demand on an hourly basis in the
r the Whitianga region has been tshashahedan

justed according tPRPthaeNBAumbemat aodseéegpe
il dings in the Whitianga regipEh Basedbean:t
ove statistics, the commerci al el ectricity

en estimated.

garding the calculation of transport ener
atistics have been considered and then s
mmuni ty. Currently, in New Zeal ard,t otraans
ectricity demand, whil e on an energy basi:
inly supplied from fossilanfdu€&ICEMiIiAs WwNZ It ria
e transport electrical demand. The demand
ni stry of Tr ghhlamar tcatlicaun a(t M@T)f or the comm

re el abosreactteiloyn i5n 4t he

3ABout the net wor k.

e electricity demand for the Whitianga sul

(Grid Exit Point). The Kopu GXP serves as a

Ea
Co
tr

re

ar

stern Coromandel Peninsul a. letc tiesdd awp d rha tPeoc
O0s-t samsmi ssion and distribution network.

ansformers i s-Alfe MYA, (Yeganyolat maxi mum cap
l'iabil ity dr rledd aMVA iftgyr Nhedpodwersiixs stulbe
ound the Coromandel -vucslitnagg e6 6t rkaW sfinkbilisy soi voonl t1 <

means the substation operates with only one transformer, with no backup available. In contrast,

NT

1 reliability includes an additional stand

can continue to supply power without interruption.
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The six substations are Coromandel, Tairua,
capacity of the various substation tr-ansforn
reliability supported by equal ceppadiotry Tthraam
which includes an extra 5.0 MVA in addition
GXP subnsmission net worbk, iasnd I|tlhues tnraapt eodd itrh eF
i s shown-li.n FRiogrurtehel Whelt e @atnmgiacistuyp sitats ompl i e
through the | ocal grid-6etwork, as il lustrat

The electricity supply and demand profil e

vail abl e. TFaiomud her[&joeput repsestated that the

uses appr otxhimad edfy tome total electricity sup.
are used to compare the community demand i n
5. 3Rénewabl e scenario one: I ntegration of th

This scenari o examines tshcealpeo tseonltairalf aorfm iwniittel
community to generate sustainable electrici

approach. The system has been eivnaltuhaet endo doenl .a

The centralised systegpsodaornrsifsarsm oanda ame we xX3:
electricity as the power supply units. The ¢
commer ci al buil dings, -dwaslildiemgs al EMwelhlair ggs
el ectrolyser. T h eE Ms peelcea d tircaaltyi soenr odan dt hteh eP EV
determined based on the required demand in t

c
—

ing the daytime hours, particularly betwe
erates more electricity than required by
ctricity has Dbeemndi rpgootdaucci hg ghaegi ngyd
ctrol yssreoduclTende ik st ored for | ater Tlhse, ¢
cess flow diagram for S ¢7e.n aAny roereaiinsi nigl

ctricity after meeting all the demand has

- ® T ©® O®O Q U
® o ® ® >

or the neighbourhood communities.
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and

per

EV charging
Local grid network
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Figb6r8chematic diagram for the scenari o on
RBnewabl e scenari o two: I nstallation of
buil dings.

S scenario evaluates the potenti al of roo
l dings to enjsarrnde ctbacenenggy serf the yeec

erred to as a decentr al i sceodn sa psptrso aocfh .r oTohfe
els, an EV car battery, and a grid connec
residenti al buil di ngs: occupied-tdweldl i ng
G) capabotcuoupi edawdwalohiomgs op sol ar panel s
t ems. For occupied dwellings,preathopusbdi
t em. The generated electricity is first

ctricity is then used to charge the EV |
orted to the grid foxprtoldacadt mhearr d d mmihreir tey
m the solar generation, the electricity i
al grid, as part of the V2G system. ( Not e
di scharging in this work, and no assumpt
i od.)
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H2 production

Non-Dwelling houses

Other community

g

~
~

/l\\

Grid connection

Dwelling houses

Fig688chematic diagram of individual rooftop s
(decentralised approach).

Similar panel c ap acoctcyu phiaesd bdeweenl | uisnegds .f OArs Mmoot
battery) has been used, the excess electrici
forpMHoducti on. During periods of insufficien
from the | ocal grid.
It is important to note that, analysis in th
supply and demand. El ectrical |l osses, such a
export or import | imitatisonwor kh.avTeh en oati nb eiesn
gener al overview of the energy fl ows withi
decentralized approaches.
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5. dDemaadal ysi s

This section presents an analysis of electr
maj or sectors: residential, commercial, and
for the year 2024 and then prajechedr 6ot hf e
using data fr ¢gAM1QgPLI evant sources

5. 4Rési dential demand

Il n NZ, the residenti al sector accounts for
[PN The residenti al demand within the c¢commu
occupied dwellings,r omhnd,h-oaancda picardiabdweée di pgart
used during holidays and weekends byyttshainrd ¢
beachgoers who rent tH# houses during these
An hourly demand profile for a typPamadl thhzZe r
tot al residenti al demand of the community i
di scussed in the (see section 5.3.2). Each
t hfbeeedr oom home equipped witig aarkda.chEme fba
Ssubsection provides a more detailed analysis
5. 4. Reslidential occupied dwellings

Al | the residenti al occupied dekkttnpsi iy ed e
throughout the year. However, seasonal <chan
As shown #9n H®Kiwegudeng demand (2024) fluctuat
electricity demand rangi ngurtrblet weasi sl. abuwr ilnbg
season, demand increases due to a rise in s
electricity demand typically occurs in spri
occupied dwel |l i ngosf aeclceocutnrti cfiory 1d7e nawihd annu al
5. 4. Res2i denbtaubpned dwel lings

The major occupancy patt ercrcsupared tdrwend d s nfgosr
i n Talb|l eTalbloeutS i npsakhespgakperi ods, such a:c
Easter, and King's birthday we eokmei@dD,0[H%dur i ng
However, during the nor mal peri od, occupancy
occupancy ranges from 50% to 80 %.
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Tab3lePed®leak, Peak, and nor malccapdc egames igemitodaalf

Vacation Dec 16 Jan 19
PeakPeak | Easter holiday Apr 17- Apr 27
King's birthday May 30- June 2

Apr 11- Apr 27

School term holidays Jun 27- Jul 13
Peak
(Two weeks for eacterm) Sep 19 Oct 5
Jan 20- Feb 5
Normal Rest of the year Remaining days

Dwelling Demand

=
o

e Summer
2 141 Autumn |
E 12 4 Winlter | : -
-g Spring 5 o . Ll . :

10 A . - . - =
g s i "' A i‘ gl o
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Figb6eelourly electricity demandcopupiféeder éordehte

dwel lings in the community (2024).
Fi gu9eael bbbl ustrates the annual -ed¢ececpiredi dweldle
(2024), showing that electricity demand dur.i

to the rest of the year. -Aooupl edldges i fcingmp
1 to 13 MWh, with the highest recorded duri |
Unli ke occupied dwellings, this category do

experiences a higheredemandl|ltygr darshgrtéae pe
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5.4C@mparative trends of the residential dwe

FiguX@@ presents the accumul ated demand for ¢k
the highest hourly consumption in 2024. Bott
l ow and flat for mgs0 bbutbe, ttmen(buddoefl vy
Fo80%wf t he -ddanepi endb nd w2e IMWhn gosf uvesleec ri ci ty, w
0-4 MWh of <llieghtrli y8iOm6/roef tthhaen t i me

—e— Non - occupied dwelling

—@— Occupied dwelling

14 4 Difference

—-==Average non-occupied dwelling
—== Average occupied dwelling

Electricity Demand(MWh)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Time (h)

Figbsit@Accumul ated and sorted hourl y -odcecnugpn de df or
dwellings (2024) .

Overladrl g aitdsg daf er ence i n total electricity den
represents a grey region. The aiv&.r5a gwwWhh o umahliy

for-omemupied dwellings, it is 1.6 MWh.
5.4C8mmerci al and public service demand
The commerci al buil ding demand profile for \

[PPand used as a benchmark to estimate the tc

commer ci al bui |l di p2pa ncde nbsausse di so nc ittheadt firmfno r ma
been made wuntil 2D50Thd i sommern cmni allabl ei 15di ng
compri se a divecsosmrsumixngofbuehdrgygs, I ncl udi
super mar ket s, & fsitmae i 9hat aond, sahpolisc No pr ¢
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on the hospitals, so it has not b2zenthakenha

been moderate growth in the commerci al bui |
popul ation and isolation, whiincehs sheass. made it
Tab32eWhi ti anga zone commerci al buil ding

Class 2024 2030 2035 2040 2045 2050

School 6 6 6 6 6 6

Fire station 5 5 5 5 5 5

Police station 1 1 1 1 1 1

Supermarket 4 4 4 5 5 5

Office 20 20 20 25 25 25

Restaurants 35 35 35 40 40 40
The demand for each type of commerci al bui l c
the available dat a, the total commer ci al e
GWh/ year .-l1lFepuesgermts the total commer ci al e

hourly basis over the year (2024).

From thelliigturceam be clearly seen that the h
recorded in the during the winter peri od, !,

consumption has been recorded during nightt:i

Summer
Autumn
Winter
Spring

[}

~

o

w

IS

Electricity Demand (MWh)
w

N

-

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

o -
=

Fi g6t ®ANnual hourly commeorci bhe de2od@mgnianyal ysi
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Tgel ettt PNt O

] ——

Electricity Demand (MWh)

Month

Fig6t2Commerci al demardndranaleyccbdb@mnume klyy

The commerci al demand exhibits a diurnal en
typically recordedi@®@upmng whiechlagli gnes (\W8i tam
While the | owest has been recor deuwt dtuhre nyge anri
24 hours. HrRomdEImMmMgude i only high on weekda:
remains relatively | ower. This daytime high
demand, as wel |l as | ighti nsg, amfdf irceefsr,i geemrdatsg L
which typically operate during the dayti me.
produceddayitni mehdcameés t he requirement for inte

5.4TAdansport demand

Transportation plays a significant role in t
infrastructdepemaa@ntt hpopcualrat i on. The commun
system i s domi nat ed by private vrehsitcl|l tisaf fsi
Currently, most transp-emi at pfage I€®OMandc h sa snep
di esel

As NZ moves towards I mpl ementi ngansdusfE@EWab|

electricity consumption maymemtiremasetisebeta
sustainable transport options electricity an

maturity of these technol ogi etse aenntd stshieo ngso vbeyr
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Tab33Transport electricity demand for
Year | EV (GWhlyear) | FCEV (GWhl/year) | Fossil fuel (GWh/year)
2024 1 1 60
2030 2 2 54
2035 3 4 45
2040 4 6 39
2045 6 9 35
2050 9 13 25
To estimate the transport demand for the
Ministry [®f THiarnsstp,orttlag irmn at iaovrealagpeerdi st ance
by each vehicle class and fuel type, was
composition for the communityawad ae dti igmateed
| ocal popul ati on. The vehicl cl asses consi
vehicles (LCVs), and | ight passenger vehi
The energy consumption for each vehicle cl
shown i1i#4.Tabl e 5
Tab34eFuel effi cFiCEdvafgdo $ o®irl ENuel
EV FCEV Fossil fuel
Mode Fuel Fuel Fuel Fuel
efficiency(km/kWh) | efficiency(km/kg) | efficiency(km/kWh) | efficiency(km/kWh)
LCV & LPV 8 100 2.54 1.32
Buses 5 16 0.41 0.60
trucks 4 9 0.23 0.50
A detailed breakdown of the projected sustai
provided-5inThablveehd cle fleet projections

gr owt h,

vehicl e

steadily

Conversel

i ncreasi

excluding any

cl ass i

over the years and
y, by 2024, only O.
ng to 15% by 2050

s esti mat eTdhitso nbuembeeslre citsr i ecx pve
205
,e agcrha drweahli Icy

reach
5 %

acr oss

80 %
of

al |l
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Tab35Pr oj ecanrdd FEQ/EMet statistics by vehicl

Class EV FCEV

Year LPV LCV Trucks Buses LPV LCV Trucks Buses

2024 269 1503 3 0 0 86 3 0

2030 888 193 9 2 6 1 9 1

2035 | 1647 358 32 5 99 21 16 1

2040 | 3295 716 39 8 132 29 32 2

2045 | 5098 | 1109 62 13 296 55 62 4

2050 | 6912 | 1503 96 19 395 86 87 6
As a result of atnhdi sk CtErVaen stidati @ln troarEsvport at i
expected ftroom mRcrGahdeg ear i n 20004 to 22 GWh/ yc¢
5.4T6tal demand analysis of the community.
The total el ect rciocmniuyni d ¢ mahnads fboere nt heest i mat e
consumption from various sector s: -orcecsu pdieendt i
dwel | i ngs, transportation, and commerci al b L
been di scudsed hien sckettaiolns abbvé. {)seeThecpil «

communityodés annual electricity dem#&nd
Tab36eProjected total annual electricity
Dwellings Non-dwellings Commercial EV FCEV Total
Year (GWhlyr) (GWhlyr) (GWhlyr) (GWhlyr) (GWhlyr) (GWhlyr)
2024 25 12 28 0.5 0.1 67
2030 29 13 28 1.9 0.8 72
2035 33 13 28 3.5 2.2 79
2040 38 14 33 5.5 3.8 94
2045 44 14 33 8.9 6.8 106
2050 52 15 33 11.8 9.1 119

from 2

demand o
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As shown 4B, Fthereommuni tyds tot al el ectric
GWh/ year to 119 GWh/year. This significant
popul ation, the electrification toduwiedhmtles,

activities.

Community Electricity Demand by Sector

1209 B Non-Dwelling
Dwellings
I Commercial
100 4 EV
= . H2
=
o
Eso-
£
360
Z
.'{:",40
K]
20
2050
Year
Figb6it8tacked area demand for tiR€2&6dmmunity
Il n 2024, the bulk of electricity consumpti on
(dwel |l i ngdswedrdd ngeh, which account for 58 %
respectively. The increase in demaeadtisg,pr.i
refrigeration, and |lighting. This demand may

in tourists during thPefshygbi ddyatsea@addom.etBhd ,

service businesses in these regions make wup
annually, highlighting the seasonal use of e
Il n 2024, the transportation sector contri bt
primarily due to the | ower) nmaanrdk eftu eslh acreel |o fe | e
(FCEVY However, by 2050, transport demand i s
policies and incentives promoting sustainabl

Kilometres Travelled (VKT) and) ckahgddiggeer e
pr odufcari ofu el Cel | Elwicltr i €£i Yyehf ttaosrtell aGehy r
demand.

70



Residential demand is expected to grow by 1.

due to the increase in population and a broa
household appliances, spacereheatpiummp,s) andow:
commerci al demand increased moderately from
and the seasonal nature-14f i ecosbmatesxact hei

estimated communityobs edteanrficen t024 mamd 2@

2024

Commercial
42%
28 GWh

Non-
dwellings
15{%’ ., Dwellings

25GWh

: 2050
Commercial

28%
oow]ié

on-dwelling

Dwellings
43%
52GWh

Fig6it#Anal ogy of projected electricity demanc

The electrical demand data of the Kopu Grid
the ElectriclPYy Abctolmain intgy tifeEl Po wer tWhdo s i mregar fs
consumes apptbkrthavoel yhentotal el ectrical de
demand profile is not available on the websi
estimate the demandon,Baaedeosnhi matag aofnf oohena
demand is comfddred itmheFirgprnet®d Kopu GXP der
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—a— Kopu GXP

—— Estimated Whitianga Substation
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Figb6itBEl ectricity demand of Kopu GXP and Whi

To evaluate the accuracy of the projected c
compari son was made between the por)ojaencd etdhec
estimated Whitianga substation demaneé-beport
16, the projected community demand for 2024
substation demand, indicating that the model
also illustrates the projectoend pcomnewecnhicetdy pode
statistics.

This indicates that the current grid infrastructure will not be sufficient to meet future demand.
Therefore, upgrading the local grid will be necessary. The next section explores how a solar
farm <coul d hel p reduce t he c o monuacal grdo s de

infrastructure.
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800

—— Estimated substation demand (2024)
—— Projected demand (2024)
7001 — Projected Demand (2050)
=== N-1 reliability of the transformer
; 600 - N reliability of the transformer
3
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Fig6teéCompari son of the projected Whitianga comm
1/®8f the Kopu GXP demand (Estimated Whitia
5. Resdkesatralised approach
This section presents the analysis of el ect
me et the community's annual electricity dem
approach.
5.5Sal ar farm power generation profile
32 MWp Solar PV Power Generation
January A 25
February 1
March - 20
April A
May -1 —~
153
£ June 4 E
< =
= July 1 g
8
August 1 10
September A
October 1 L5
November A
December 1
(') le é é 4'1 é ('3 % 8 9 10 11 12 13 14 15 1'6 1'7 1'8 1'9 2'0 2'1 2'2 2'3 =
Hour of the Day
Fig6it®BAnnual hourly power production of a
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A 32 MM ar far m, devel oped by Lodestone Ene

Whitianga by the end of 2025. It i s expected
year, with a capaci-17yshfoavct drheofhol 8 %y Biog are
pattern across the year. As expected, electr
the highest output occurring in summer, reac

to strongedosgeli ghtysacd ni ciotny rgeher a&tli on i
refl ecting seasonal changescome saamdape@ehtn Th

represents how solar power output varies thr

5.5C@mmunity electricity demand profil e

Understanding the demand pattern is cruci a
generation can meet the -lBommusittrtpdes deman dc
residenti al and commerci al demand in 2024, \
usage. This demand excludes the transport de
electricity demanad0it, 2t0r2adns p cdHrotwedveemand ni s ¢
to 17%-{)Tabl e 5

Fi g6t@\ nnual hourly communityds electricity
From Fil§ured extricity demand follows a diurn
bet ween 7: 00 AM and 6:00 PM. This is due to
heating, and appliance usage, as well as bus
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