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1.0lmpact

1.1 Distributed generatiog ICCC & Project Drawdown

Distributed generation

According tob Q& LYy G SNRY [/ f A Y Rép&t AccKlérated Slectrif@ation EvidérSes
analysis and recommendationgpril 2019

About 95% of distributed generation is from renewable sourcesasialind, geothermal and hydro, and
WoSKAYR (GKS YSGSND 3ISYySNI A2y &dzOK Fa NR2FG2L) azft
in reducing the amount of electricity that would otherwise have to be transmitted by the grid. This is
particularlyvaluable when it can offset periods of peak demand when the grid is limited in some way (for
example if a line fails during a storm).

For the above reasonmoftop solarhA & | LI NI A Odzf  NX¥ @ Ay (i SNBistribked 3 Y2 RS
gengaation model which is identified. ranked by Project Drawdown as number 10 out of the 80 solutions
to climate changé€Drawdown ranks solutionisy Total Atmospheric CO2e Redion [GT])

Summary below fromProject Drawdown: Distributed Solar Photovoltaics

Rooftop solar panels are one example of distributed solar photovoltaic systems. Whétimmgected
or part of standalone systems, they offer hypmral, clean electricity generation.

27.98-68.64 $255-479.59 $7.89-13.53

GIGATONS BILLION $US TRILLION $US
CO2 EQUIVALENT NET FIRST COST LIFETIME NET
REDUCED / SEQUESTERED (TO IMPLEMENT SOLUTION) OPERATIONAL SAVINGS

(2020-2050)

SOLUTION SUMMARY

Nineteenthcentury solar panels were made of selenium. Today, photovoltaic (PV) panels use thin wafers
of silicon crystal. Ashotons strike them, they knock electrons loose and produce an electrical circuit. These

subatomic particles are the only moving parts in a solar panel, which requires no fuel and produces clean
energy.


https://www.iccc.mfe.govt.nz/assets/PDF_Library/daed426432/FINAL-ICCC-Electricity-report.pdf
https://www.iccc.mfe.govt.nz/assets/PDF_Library/daed426432/FINAL-ICCC-Electricity-report.pdf
https://www.drawdown.org/solutions/distributed-solar-photovoltaics
https://www.drawdown.org/solutions/distributed-solar-photovoltaics
https://www.drawdown.org/solutions/distributed-solar-photovoltaics
https://www.drawdown.org/solutions/distributed-solar-photovoltaics
https://www.drawdown.org/solutions/distributed-solar-photovoltaics
https://www.drawdown.org/solutions/distributed-solar-photovoltaics

Smaliscale solar systems, typically sited on roo$toaccounted for roughly 30 percent of PV capacity
installed worldwide in 2015. In Germany, a leader in solar, rooftops boast 1.5 million systems. In
Bangladesh, population 157 million, more than 3.6 million home solar systems have been installed.

Rooftopsolar is spreading as the cost of panels falls, driven by incentives to accelerate growth, economies
of scale in manufacturing, and advances in PV technology. Innovativesendinancing, such as third

party ownership arrangements, have helped mainstréamse. Yet, costs associated with acquisition and
installation can be half the cost of a rooftop system and have not seen the same dip.

In gridconnected areas, rooftop panels can put electricity production in the hands of households. In rural
parts oflow-income countries, they can leapfrog the need for lesgale, centralized power grids, and
accelerate access to affordable, clean electricitgcoming a powerful tool for eliminating poverty.

IMPACT:

Our analysis assumes that distributed sgdaptovoltaics can grow from 180 terawatburs of current
electricity generation globally to a wide range of 6288100 terawatthours by 2050. This uncertainty of
generation potential is linked to the different expectations of energy technologies oreuiffeiture
climate mitigation pathways intertwined with the role of electricity on the energy systems. That growth
can avoid 2Z69 gigatons of greenhouse gases emissions. With implementation costs reducing by the day,
over the lifetime of distributed phovoltaic technologies, it could save US§I35 trillion in associated
operation, maintenance, and fuel costs.

1.2 Utility-Scale Solar Photovoltaig®roject Drawdown

Utility-Scale Solar Photovoltaics

Utility-Scale Solar Photovoltaitst  LJ- NIi A Odzt | N¥ @ Ay G SNBAalGAvyaAkedbg RSt 3 A
Project Drawdown as number 8 oof the 80 solutions to climate changBrawdown ranks solutions by
Total Atmospheric CO2e Reduction [GT]).

Summary below fromProject Drawdown: UtilifScale Solar Photoltaics

Solar photovoltaics can be used at utifiiyala with hundreds or thousands of parel§ 2 G LJ G KS a d:
clean, free fuel and replace fosiikl electricity generation.


https://www.drawdown.org/solutions/utility-scale-solar-photovoltaics
https://www.drawdown.org/solutions/utility-scale-solar-photovoltaics
https://www.drawdown.org/solutions/utility-scale-solar-photovoltaics
https://www.drawdown.org/solutions/utility-scale-solar-photovoltaics

42.32-11913 $-1.53—-0.29 $12.98-26.42

GIGATONS TRILLION $US TRILLION $US

CO2 EQUIVALENT NET FIRST COST LIFETIME NET
REDUCED / SEQUESTERED (TO IMPLEMENT SOLUTION) OPERATIONAL SAVINGS
(2020-2050)

SOLUTION SUMMARY

The sun provides a virtually unlimited, clean, and freedualprice that never changes. Solar farms take
advantage of that resource, with largeeale arrays of hundreds, thousands, or in some cases millions of
photovoltaic (PV) panels. They operate at a utility scale like conventional power plants in the afmount
electricity they produce, but dramatically differ in their emissions.

Solar farms can be found in deserts, on military bases, atop closed landfills, and even floating on reservoirs,
deploying silicon panels to harvest the photons streaming to eaghAliR S | LI y St Qa KSN¥YS
environment, photons energize electrons and create electrical carferh light to voltage, precisely as

the name suggests.

Bell Labs debuted silicon PV technology in 1954. At that time, photovoltaics cost more thA0QU$&d

graGaG Ay (G2RIFIeQa OdNNByoOed {AyO0OS G(KSys LJzotAO AydS
manufacturing force have chipped away at the cost of creating PV, bringing it down téextents per

watt today.

In many parts of thevorld, solar PV is now cost competitive with or less costly than conventional power
generation. In tandem with other renewables and enabled by better grids and energy storage, solar farms
are ushering in the clean energy revolution.

IMPACT:

Currently just over 1 percent of global electricity generation is estimated to be fromsddity solar PV.

Our scenarios project that by 2050, this solution could represe@ifiercent of the electricity generation

mix, with generation levels of 93687740 TWh. We assume an implementation cost of $1733 per kilowatt
and a learning rate of 21 percent. This results in cumulative first costs of LE$llidn, but with a huge
amount of lifetime operational savings of B trilliomt one of the financiabenefits of producing
electricity without fuel. The significant increase of the solution use could avqitil@4gigatons of
greenhouse gases emissions, depending on the climate mitigation ambition and electrification of-demand
side sectors.



1.3 Agrivoltaics

1.3.1 Benefits of Agrivoltaics Across the FaotergyWater Nexus NREL

The National Renewable Energy Laboratory (NREL) researchers express their thoughtsemetits of
agrivoltaicdhelow.

Benefits of Agrivoltaics Across the Fo@ohergyWater Nexus NREL

Food and energy security need not be competing objectives. In fact, taking a holistic, integrated approach
to food-energywater decigbn making can increase resiliency of both food and energy systems.

In a recent article foNature Sustainabiligy G KS ! ®{ ® 5SLI NIYSyid 2F 9ySNH&C
[ F0o2NF G2NR QA O Waterlland AndyistRlordary MadEhiek and-aughors from the

universities of Arizona and Maryland investigated the potential benefitslafcaded agriculture and sar
LIK20202t G A0 o0t 0 AYFNF adGNHzOGdzZNB O0Rdz00 SR al INKR P2 i
and energy production.

Building Resilient Systems

Across the globe, reductions in precipitation and rising air temperatures are increasingbililies in

both the agricultural and energy sectors. Water scarcity concerns are shaping conversations and driving
action in the agricultural sector while extreme weather events are impacting energy systems worldwide,
reducing the reliability of energyeneration. As such, the resilience of the global energy system is of
growing importance. Droughtroof technologies such as wind and solar photovoltaics can satisfy both
resilience and sustainability concerns.

However, studies of grourdounted PV instadtions with gravel groundcover have found increased
GSYLISNI §dzNB&A ddzZNNRBdzy RAy3I a2fF N INNF¥eax ONBFGAy3 |
to PV panel sensitivities to temperature increases and resulting consequences for performance.

The businesas-usual approach to PV installations is to employ gravel as ground cover. Swapping the
gravel for vegetation via strategic planting can help counter the heat feedback loop.

Novel Ecosystems

Applying a model derived from lemwpact urban desig > NB A S NOKSNAR 221 SR (2
SOz2aeaitsSvyazéeé IyR K2g (GKS& YAIKG o0SySFAG NBySsol of
ecosystems. Researchers considered the possibilitylof&i®d agriculture and solar PV infrastructure to

maximize crop yields, minimize water use, and produce resilient, renewable energy.

To test their concept, researchers planted three common plants (chiltepin pepper, jalapefio, and cherry
tomato), representative of three different dryland environments, beneatpaP¥ls.


https://www.nrel.gov/news/program/2019/benefits-of-agrivoltaics-across-the-food-energy-water-nexus.html
https://www.nature.com/articles/s41893-019-0364-5

During the threemonth growing season, they monitored light levels, air temperature, and relative
humidity using sensors mounted above the soil surface. They also measured soil temperature and moisture
at a depth of 5 centimeters. Both the contesld agrivoltaic systems received the same irrigation in two
testing scenarios: daily irrigation and irrigation every two days.

Implications for the FocEnergyWater Nexus

While impacts varied by plant type, the researchers found that the agrivoltaiensygteld promising
implications for food production, water savings, and renewable energy production. The reduction in direct
sunlight exposure beneath the PV panels led to cooler air temperatures during the day and warmer
temperatures at night, which allosd the plants under the solar arrays to retain more moisture than the
control crops that grew in opesky planting areas.

Results from in the study include:
Food production

9 Total chiltepin fruit production was three times greater in the agrivoltaic systenpared to the
control

1 Water-use efficiency for the jalapefio was 157% greater in the agrivoltaic system

1 For the cherry tomato, wateause efficiency was 65% greater and total fruit production doubled in
the agrivoltaic system

Water savings

1 When irrigating every two days, soil moisture remained approximately 15% greater in the
agrivoltaic system

1 When irrigating daily, soil moisture in the agrivoltaic system remained 5% greater before the next
watering

Improved renewable energy production

9 Tradtional groundmounted PV panels were substantially warmer during the day than those with
the plantbased understory

1 The agrivoltaic PV panels were cooler during daytime hours compared to the traditional panel
array by approximately 9°C, allowing for betperformance.

The cdocation of PV and agriculture could offer witm outcomes across many sectors, increasing crop
production, reducing water loss, and improving the efficiency of PV arrays. Adopting such synergistic paths
forward can help build reséint foodproduction and energgeneration systems.

AsMacknick 2 1 Sa> G¢KS LINRPYAaAy3d NBadzZ §a 2F GKA&A 62N] K
YR FIENYAY3 | ONR&aa&a (GKS 3J3t206S5 O02df R 68 AyidiSaNI iSR



1.3.2 Agrophotovoltaic IRENAFuture of Solar

International Renewable Energy Agei®3ENA) researchers express their thoughts on agrivoltaics below.

AGROPHOTOVOLTARENA Future of Solar Report

Agrophotovoltaic (APV) combmmeolar PV and agriculture on the same land and consists of growing crops
beneath grounemounted solar panels. Although the concept was proposed long ago, it has received little
attention until recently, when several researchers have confirmed the beokgitewing crops beneath

the shade provided by the solar panels. These include higher electricity production, higher crop yields and
less water used (Beck, M. et al., 2019). APV is-awmisituation for both crops and the solar panels. Many
types of fod crops, such as tomatoes, grow better in the shade of solar
http://solarheateurope.eu/2018/04/30/increasingigopularheatand-powerfrom-the-same-roof/ . panels, as they are spared from

the direct sun and experience less water loss via transpiration, which also reduces water use while
maintaining the same level of food production. A key advantage for solar panels is that their efficiency is
increased. Cultivating crops underneath reduces the temperature of the panels, as they are cooled down
by the fact that the crops below are emitting water through their natural process of transpiration (Hanley,

{ @ HaAM@pL® ¢ KS LINEResSutéEfficientiand USkKK@Rv2 @R b & OKla G(GSadasS
concept, showing a land use efficiency of 160% in 2017 and 186% in 2018 and thus confirming earlier
research results.

The project is located in Germany, near Lake Constance, and consists df\& $8far system on a 5
metre high structure above land used to grow celery, clover, potatoes and winter wheat (Tsanova, T.,
2019). The project results show that in 2018 land use efficiency increased, with yields from three of the
four crops grown under ghpanels achieving above the reference yield thanks to the shade under the solar
modules, which helped them to better resist the dry conditions in 2018. In fact, solar irradiation beneath
the PV system was approximately 30% less than the reference lielsipit temperature was lower even

if the air temperature remained the same and the soil moisture was kept higher than the reference field in
summer and lower in winter months. The project confirmed the applicability of APV in arid regions (given
the excegionally hot and dry conditions of 2018), especially in developing countries; it also calls for the
SELX 2N} GA2Y 2F 1t+Q& | LIXAOIoAfAGE dzy RSN 2 KSNJ Of
T., 2019).

1.3.3 Nature.com- Agrivoltaics provide muél benefits across the foqdnergyg
water nexus in drylands

Abstract from research paper off Nature.comgrivoltaics provide mutual benefits across the fqod
energywater nexus in driands

The vulnerabilities of our food, energy and water systems to projected climatic change make building
resilience in renewable energy and food production a fundamental challenge. We investigate a novel
approach to solve this problem by creating a hylarfi colocated agriculture and solar photovoltaic (PV)

10


https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
http://solarheateurope.eu/2018/04/30/increasingly-popular-heat-and-power-from-the-same-roof/
https://www.nature.com/articles/s41893-019-0364-5?proof=t
https://www.nature.com/articles/s41893-019-0364-5?proof=t

infrastructure. We take an integrative approacmonitoring microclimatic conditions, PV panel
temperature, soil moisture and irrigation water use, plant ecophysiological function and plant biomass
proddzOGA2Y GAGKAY GKAA WFEINARG2f G A0aQ S0O02aeadsSyYy |yR
to quantify tradeoffs. We find that shading by the PV panels provides multiple additive and synergistic
benefits, including reduced plant droughtests, greater food production and reduced PV panel heat stress.

The results presented here provide a foundation and motivation for future explorations towards the
resilience of food and energy systems under the future projected increased environmergahstkng

heat and drought.

1.3.4 Fitch Solution€ountry Risk & Industry Researé&yrivoltaics

Agrivoltaic Systems Gaining Momentum Glopall

Key View

1 We expecagrivoltaicsystems will gain traction globally over the coming years, with total installed
capacity set to exceed 10GW+2§30

9 This will be driven by the several benefits of théocation of solar power projects and agriculture.
These include the creation of duavenue streams, the high suitability for areas with land use
constraints, the creation of a beneficial microclimate and a potential reduction in operation and
maintenance costs.

1.3.5 Fraunhofer ISE Agrivoltaics

Below excerpt fromFEraunhofer Institute for Solar Energy Systems @2fgjivoltaics

Agrivoltaics denotes approaches to use agricultural areas simultaneously to produeadotodgenerate
PV electricity. In this way, Agrivoltaics increases -lssal efficiency and enables PV capacity to be
expanded while still retaining fertile arable areas for agriculture.

11


https://www.fitchsolutions.com/agribusiness/agrivoltaic-systems-gaining-momentum-globally-24-06-2021
https://www.agriinvestor.com/fitch-more-than-10gw-of-agrivoltaic-capacity-to-be-added-by-2030/
https://www.agriinvestor.com/fitch-more-than-10gw-of-agrivoltaic-capacity-to-be-added-by-2030/
https://www.ise.fraunhofer.de/en/key-topics/integrated-photovoltaics/agrivoltaics.html

Agrivoltaics technology has developed very dynamically in recend yea can be found in almost all
regions of the world. The installed Agrivoltaics power increased exponentially from app. 5 MW in 2012 to
app. 2.9 GW in 2018, with national funding programmes in Japan (since 2013), China (ca. 2014), France
(since 2017the USA (since 2018) and most recently Korea.

QuickFacts: Agrivoltaics

1 Global installed power of app. 2.9 GW
1 Technical potential in Germany of app. 1700 GWp
1 Advantages:
0 enormous land area potential
0 less expensive than small rooftop PV systems

o Additional benefits for agriculture including protection against losses due to hail, frost and
drought

1 Challenges:
0 dual land usage not foreseen in legal framework
0 no rights to EU agricultural subvention for farmers
o0 no feedin tariff according to the Germamenewable energy law

Image:The Agrivoltaic plant near Lake Constance in Heggelbach, Gerbautyle usage of agricultural
areas allows photovoltaics to be installed over fertile areas without eliminating these resources.




1.3.6 AgrivoltaicsReport¢ MDPIlItalian National Agency for New Technologies,
Energy and Sustainable Economic Development, ENEA

Theltalian governmenthascommittede M ®m 6y (i 2 ardékpehtsa@deploly 2 GNaof agrivoltaics

Below isthe abstractalong with several illustrations of Agrivoltaifrem the report, Agrivoltaic Systems

Design and Assessment: A Critical Review, and a Descriptive Model towards a Sustainable Landscape
Vision (Thredbimensional Agrivoltaic Patternglommissioned by thétalian National Agency for New
Technologies, Energy and Sustainable Economic Development, ENEA

Abstract: As an answer to the increasing demand for photovoltaics as a key element in the energy
transttion strategy of many countrieswhich entails land use issues, as well as concerns regarding
landscape transformation, biodiversity, ecosystems and humaroelir new approaches and market
segments have emerged that consider integrated perspectives. g\these, agrivoltaics is emerging as

very promising for allowing benefits in the fa@mergy (and water) nexus. Demonstrative projects are
developing worldwide, and experience with varied design solutions suitable for the scale up to commercial
scale is bimg gathered based primarily on efficiency considerations; nevertheless, it is unquestionable that
with the increase in the size, from the demonstration to the commercial scale, attention has to be paid to
ecological impacts associated to specific desigoioges, and namely to those related to landscape
transformation issues. This study reviews and analyzes the technological and spatial design options that
have become available to date implementing a rigorous, comprehensive analysis based on the most
updated knowledge in the field, and proposes a thorough methodology based on design and performance
parameters that enable us to define the main attributes of the system from a-tliangplinary perspective

(a) Conceptualization designed by Goetzberger and (b) First model developed by Akira Nagashima in Japan
Zastrow (1981) (2004)

13


https://www.pv-magazine.com/2021/04/28/italy-devotes-e1-1bn-to-agrivoltaics-e2bn-to-energy-communities-and-storage/
https://www.mdpi.com/2071-1050/13/12/6871/pdf
https://www.mdpi.com/2071-1050/13/12/6871/pdf
https://www.mdpi.com/2071-1050/13/12/6871/pdf
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(a) Structure 4 m above the ground (b) Mono-crystalline PV arrays (c) Single-axis sun tracking system

Figure 3. Experimental agrivoltaic system in Montpellier, France. © C. Dupraz.

(a) Heggeslbach (Germany) (b) Heggeslbach (Germany) (c) Cura\;i (Chile .

Figure 4. Experimental agrivoltaic systems installed by Fraunhofer ISE in Germany (a,b) and Chile (¢). © Fraunhofer ISE.
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(a) Pionlec (France) (b) Castelvetro (Italy) (¢) Babberich (Netherlands)

Figure 5. First demonstrator projects developed by the following companies: Sun’agri in France (a), REM Tec in Italy (b)
and BayWa r.e. in the Netherlands (¢). © Sun’agri (a), REM Tec (b), BayWa re. (c).

14



(c) Hybrid Agrivoltaic System
Showecase, Putra University (Ma-
laysia)

(a) ICAR-Central Arid Zone Research  (b) Aravali foothills, north Gujarat
Institute, Jodhpur (India) state (India)

Figure 6. Research pilot plants with low height PV mounting system. © P. Santra (a), B. Patel (b), N.F. Othman (c).

(a) Agrinergie system, Pierrefonds, (b) Next2Sun vertical system, Gun-  (c) Next2Sun vertical system, Baden-
Reunion Island (France) tramsdorf (Austria) Wurttemberg (Germany)

Figure 7. Commercial plants with ground-based PV mounting system. © Akuo Energy (a), Next2Sun GmbH (b,c).

(a) Fixed with different layouts (b) Dynamic (c) Innovative PV solution

Figure 8. Approaches to integrate PV into greenhouse’s envelope. © A. Yano [47] (a), A. Marucci [75] (b), M. E. Loik [57] (c).

15



1.3.7 Fraunhofer ISEAgrivoltaicssuidelines for GermargyOctober 2020

Fraunhofer ISEAgrivoltaics Guidelines for Germaa@ctober 2020

Figure 30: Estimated average levelized cost of elect(ld@PEjpr ground mounted photovoltaic
systems and agrivoltaics, representation by Fraunhofer ISE, dat&ffoih?4
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1.3.8 Resourcesral Articles on Agrivoltaics

9 First agrivoltaic research facility for carboautral orcharding in Germanylnceptive Mind

91 Solar PV MagazineAgriVoltaics Articles

9 Aaqgrivoltaics for strip farming Solar PV Magazine
Agrivoltaics for strip farming
Vattenfall is leading a Dutch consortium in a research project to assess whether agrivoltaics is also
O2YLI GA6fS HAGK A0GNALI ONRLIAY3IAD ¢KS O2YLI yeQa
Schouten, spoke with pv magazine about thstfd.7 MW pilot project under development in the

northern Dutch province of Flevoland.
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https://www.ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/APV-Guideline.pdf
https://www-inceptivemind-com.cdn.ampproject.org/c/s/www.inceptivemind.com/first-agrivoltaic-research-facility-carbon-neutral-orcharding-germany/21217/?amp
https://www.pv-magazine.com/?s=agrivoltaics
https://www.pv-magazine.com/2021/09/22/agrivoltaics-for-strip-farming/

9 Aagrivoltaics to protect crops from heavy rainfatbolar PV Magazine

Agrivoltaics to protect crops from heavy rainfall

BayWa r.e. and the Fraunhoferstitute for Solar Energy Systems ISE have built a 258 kW
agrivoltaic system that hosts apple cultivation under four different crop protection systems. The
system utilizes agrivoltaic technology with permanent, liphtmeable PV modules that block
rain, ard tracking PV module tech that blocks rain only if necessary.

9 Aagrivoltaicdor viticulturec Solar PV Magazine
Agrivoltaics for viticulture
CNBy OK & LJS Onstallediadpiliot f4citity/on fival hehtares in southern France in 2018. Its
goal is to protect the vines from weather hazards and to improve the quality of the wine by
lowering its alcohol content. The first harvest took place in-8égtember.
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https://www.pv-magazine.com/2021/09/14/agrivoltaics-to-protect-crops-from-heavy-rainfall/
https://www.pv-magazine.com/2021/09/21/agrivoltaics-for-viticulture/

Transparent solar panels for agrivoltaccSolar PV Magazine

Transparent solar panels for agrivoltaics

Romande Energid YR { é6Aada NBaSIkNOK AyadAddziS ! INRao2
transparent PV panels in an agrivoltaic project. The modules are replacing the plastic covers used

to grow strawberries and raspberries.

French PV companies set up agrivoltaics associat®wiar PV Magazine

French PV companies set up agrivoltaics association

{dzy Q! ANR S w9a ¢SO D¥veléppementi éf Ratihes hayeRannbundeGtNeA A S
ONBIFGAZ2Y 2F CNI yos PANRG2F 0FAAYSE GKS 62NI RQaA
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https://www.pv-magazine.com/2021/07/02/transparent-solar-panels-for-agrivoltaics/
https://www.pv-magazine.com/2021/06/10/french-pv-companies-set-up-agrivoltaics-association/

1

= =4 =4 4 -4 4

LGILf& RS@P2GS8a emdmoy (2 | INRKAP2(E igBolacPy Magazind y (i 2
LGrte RS@2GSa emodmoy G2 FINRG2fGIA0aAT enoy (2
The funds will be part of the EU Co¥il recovery packagéverall, the Italian government

expects to deploy 2 GW of agrivoltaics and 2 GW through energy communities.

Agrivoltaics have anaverafle/ h9 2F en®ndo LISNI {2 K Ay DSN¥YIye

l'INAG2f G A0&a KI@S |y FTOSNXr3aS [/ h9 2F endndcdo LIS
I OO2NRAY3 (2 yS¢ 3TFdzARSEt AySa o eprojecBNielayead@a CNI
competitive with other renewable energy sources today. The lack of a proper regulatory
framework, however, is currently preventing the dual use of arable land for food production and

power generation from becoming a mainstream solatio

Fraunhofer ISE Agrivoltaics

Agrilnvestor.com¢ Fitch More than 10GW of agrivoltiac capacity to be added by 2030
YouTube Video: Just Have a ThiAgrivoltaics. An economic lifeline for American farmers?
YouTube Video: Undecided with Matt Ferreéflolar Panels Plus Farming? Agrivoltaics Explained
The Fifth Estate Agrivoltaics: growing opportunities for Aussie farmers

Fraunhofer ISEAPV Guidelines for Germagyctober 2020
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https://www.pv-magazine.com/2021/04/28/italy-devotes-e1-1bn-to-agrivoltaics-e2bn-to-energy-communities-and-storage/
https://www.pv-magazine.com/2021/02/24/agrivoltaics-have-an-average-lcoe-of-e0-093-per-kwh-in-germany/
https://www.ise.fraunhofer.de/en/key-topics/integrated-photovoltaics/agrivoltaics.html
https://www.agriinvestor.com/fitch-more-than-10gw-of-agrivoltaic-capacity-to-be-added-by-2030/
https://youtu.be/2ue53mBUtNY
https://youtu.be/lgZBlD-TCFE
https://thefifthestate.com.au/columns/spinifex/agrivoltaics-growing-opportunities-for-aussie-farmers/
https://www.ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/APV-Guideline.pdf

1.3.9 PC Summary dfgrivoltaics

1 Recognising thalheading into the futurewe neel to better utiliseland, agrivoltaicgprovides a
platform for the dual use of land.
1 Benefits of Agrivoltaics coultiay include:
o land use efficiency,
higher crop yieldgparticularly inarid regions,
improve solar pv generatioftooler panelslue to crops,
relevant to: dairygrazing, apples, berries, grapether crops, et¢
protection from rain, hail, frostetc,
water savings,
0 increasein per hectare returngor farmers &/or generators
1 Lodestone appears to be the onlyility scalesolar farm in NZ going down the Agrivoltaics route
making them the pioneers in this spaiceNZ
1 Itis likely that Lodestone will build ¢fr solar arrays and thatorticulturists &/ or agriculturists
will haveanopportunity tolease the land off odestone and adapt tlefarming methods tdest
utilise/leverage] 2 R S & §atayiSr&siucture Acknowledging that solar g going to play an
AYONBI aAy3dfte AYLRNIIyYyG LI Nlhispresertsta®appouhiy Ori NA OA
NZ farmers/growers to innovateising agrivoltaicso improve farminggrowing practisest/or
improve per hectare returs

O O O O O
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1.4 Life Cycle AssessmentSilar

1.4.1 Carbon Footprint of Solar in NZc¢ Ecotricity domestic solar (via
SolarcitySolarZergroductg
Ecotricityis a NZ electricity retailer that offers a carbon neutral certified eletyri¢ior the year

(01/04/2019- 31/03/2020)their solar enissions wer®.0503 kgCO2e per kWh for domestic solar product
based on a weighted average of generation for each facility/type.

Table 3: Product carbon footprint summary by Efecycle activity for sollar

Post Audit Totals

Upstream 0.038 | kgCO2e/k'Wh
Core 0.013 | kzgCOze! k'Wh
Downsirazm 0 kgCze/ k'Wh
Total inwentory: 0.0503 ligDD:ql' kWh

How does lhis compare to their other forsiofrenewable generation?

902UNAROAGE QA LINRPRAzOG S YABHEREE) wered.@088 kdCkeSer 8VBIfddI 0 n MK n
hydroé + SN 3S | ONR&aa |ff 3ISYSNIGA2y G tA2ySSNI DSyS
generation facilities) and emissions weded071 kgCeée per kWh for wind(average across Pioneer
DSYSNIrGA2yQa Cftlid IAff yR al {ddz2 NI éAYyR FIN¥ao

Table 1: Product carbon footprint summary by lifecyde activity for hydro (weighted sverage across selected
Beneration sites)
Poct Audit Totzls

Wpstream 0.0025 | kgCO-e/k'Wh
Core 0.0032 | keCOoef kK'Wh
Downstream 0.00102 | kgCOz=/ k'Wh
Total inventory: 0.0066 kglOge/ kWh

Table 2:- Product carbon footprint summary by fecycle sctivity for wind [weighted average scross selected
Beneration sites)
Post Audit Totzls

Upistream 0.0067 | kgCO-e/kWh
Core 0.000E | keCOoe/ k'Wh
Downstream -0.0026  kzCOz=f k'Wh
Total inventory: 0.0071 kgCOz=/ kWh

Figure NZ Thermal Generation EmissiongEestricityConstruction Emissions

LOH ELECTRICITY EMISSIONS INTENSITY
grams CO2e per kWh
per TYPE OF GENERATION

416

w/COZe/Wh

254

L)
30NN lﬁx A\

Coal Gas CoGen Ecotricity
EnergyLink NZ  EnergyLink NZ  EnergyLink NZ wind
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https://ecotricity.co.nz/
https://www.toitu.co.nz/__data/assets/pdf_file/0005/221765/Disclosure_1920_Ecotricity_CZ_Prod_hydro_wind_solar.pdf
https://www.toitu.co.nz/__data/assets/pdf_file/0005/221765/Disclosure_1920_Ecotricity_CZ_Prod_hydro_wind_solar.pdf
https://www.toitu.co.nz/__data/assets/pdf_file/0005/221765/Disclosure_1920_Ecotricity_CZ_Prod_hydro_wind_solar.pdf
https://www.toitu.co.nz/__data/assets/pdf_file/0005/221765/Disclosure_1920_Ecotricity_CZ_Prod_hydro_wind_solar.pdf
https://ecotricity.co.nz/news/carbon-knowledge

1.4.2 Carbon Footprint of Solarin A YA aaAz2ya ! OO02dzyiAy3a 7
Proposed Rooftop PV Installatipiirust Horisn/ EPECentre Report

Below features an excerpt from the Executive Summary of the Electric Power Engineering Qentre
(EPECentre of the University of CanteruyS LJ2 NI 9 A B3 RY dd ! O02dzy Ay 3 F21
Proposed Rooftop PV Installation

This report focuses on the benefits of installing a residestiale or small commercial rooftop
photovoltaic (PV) system both financially and in terms ofitheunt of carbon emissions offset.

The embedded emissions for rooftop PV systems installed in New Zealand were assessed using published
RFEGFolasS Ay@Syli2NASa yR | R2dza il SRPVEgshsuSngméS| f | Yy R
silicon panelsvere found to have emissions in the order of 48 gCOR 1 2 K 2 @S NJ (1 KS. a@aiSy
This is approximately a third smaller embedded emissions comparadrto-silicon panels (71 gCG2

e/kWh) for the 3 kWp reference systenhower embedded emissions forltirgilicon panels are due to

lower energy requirements at the ingot formation stage.the PV installation size increases, a gradual

decrease in embedded emissions per kW peak is expedtethe future,PV_embedded emissions are

expected to decrease ageaner enerqgy is used in their manufacture. Additionally new technology is on

the horizon with lower energy requirements such as perovsiitesed solar cells that could provide a

further pathway to PV sources with lower embedded emissions.

t + Q& b dffsef chrfiod emissions in New Zealand with an already high renewable proportion is open
to debate. It is the view taken here however, that PV generation should be offset against marginal
generation, the last and typically most expensive generation telspatched. Natural gas power plants
meet this criteria and are a nel@newable generation source that is anticipated to be required to balance
the electricity mix for decades to coniéfecycle PV emissions are an order of magnitude lower than the
operational emissions of natural gas ~ 427 gG@RWh. PV installations were able to offset their
embedded emissions in three to four years and had the potential to offsefi43onnes of CO2/kWp

over their thirty-year lifetime.

Financially the small comercial PV systems are expected to provide a positive Net Present Value,
assuming an estimated system cost of NZ$2.6/Wp, and application of the Treasury prescribed discount
NFGS 2F pird ¢KS a2t N ASYSNI A2y LIdididgthigh s¥fl § OK S &
consumption, the best route to profitability with low bhgck rates for excess generation. The smallest

PV system had the shortest payback times and highest rate of return. Given that the larger PV installations

are more attractiverom an emissions offset point of view, a more 1sike PV installation in the 6 kWp to

12 kWp range may provide a balance between financial return and carbon emissions offset.
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https://drive.google.com/file/d/19qclSc2_Q__9QnSq9ZC-ZsKQFES9nXeK/view?usp=sharing
https://drive.google.com/file/d/19qclSc2_Q__9QnSq9ZC-ZsKQFES9nXeK/view?usp=sharing

1.4.3 Lifecycle GHG Emissions of Solar pv TechndlieGyC

Thelntergovernmental Panel on Climate Change (IPCC) has conducted research that allows us to compare
the CO2e emissions footprint of solar relative to other forms of generation.

Figure IPCC: Lifecycle GHG Emissions of Photovoltaic Technologies

Lifecycle GHG Emissions of Photovoltaic Technologies
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Figure 3.14 | Lifecycle GHG emisions of PV technologies {unmodified literatune values, after quality screen). Ses Annex || for details of the literature search and dtations of literature
contributing to the estimates displayed.
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https://www.ipcc.ch/site/assets/uploads/2018/03/Chapter-3-Direct-Solar-Energy-1.pdf

1.4.4 Q0O2e Emissiorfsootprint of Solar relative to oth&rms of GenerationlPCC

The Intergovernmental Panel on Climate ChatB€has conductedesearch that hows us to compare
the CO2emissiondootprint of solar relative to other forms ofeneration

Figure IPCC: Emission intensity of electricity [gCO2 eq/kWh] of currently commercially available technologies
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https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter7.pdf

1.4.5 Solar End of LileKea Energy

Kea Energy own and operate a 2MW solar farm in Marlborough and ald&indzNJ Ay i Sy G A2y A &
panels as long as economical and then sell on to hobbyists, forupt A y 3 @€

1.4.6 Materials required for a Solar PV PlaliRENA

The International Renewable Engg Agency (IRENA) research on Muegerials required for a 1MW solar
PV plantelow.

Figure:Materials required for a 1MW solar PV planRENA

Glass 70
tonnes 5 6
Steal | tonnes 47 ]9 7 7 6
Concrete | tonnes tonnes tonnes tonnes tonnes
Aluminium Silicon Copper Plastic

source: IREMA (2017b).

1.4.7 What It Takes To Realize a Circular Economy for Solar Photovoltaic System
Materials- NREL

One of the majorconcerns with salr isthe materiak involved inthe manufacturingof the panelsand
what happens to the panels at the end of their lilehe NationaRenewable Energy Laboratory (NREL)
analystseexpresgheir thoughts on this topic below.

What It Takes To Realize a Circular Economy for Solar Photovoltaic System Materials

NREL Analysts Advance Understanding of Options, Opportunities To Repair, Reuse, or Recycle Solar
Photovoltaic System Materials

April 2, 2021

Rapidly increasing solar photovoltaic (PV) installations has led to environmental and supply chains
concerns. Thertted States relies on imports of raw materials for solar module manufacturing and imports

of PV cells and modules to meet domestic demand. As PV demand increases, so will the need to mine
valuable materials a motivation for domestic reuse and recycling.
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https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
https://www.nrel.gov/news/program/2021/what-it-takes-to-realize-a-circular-economy-for-solar-photovoltaic-system-materials.html

Moreover, decommissioned PV modules could total 1 million tons of waste in the United States by 2030,
2NJ M: 2F {véste. ThiLpBeROMt oy waste management concerns but also opportunities
for materials recovery and secondary markets.

& w S &bl ghd coseffective management of PV system hardware is an important business and

SY@ANRYYSyYy(lf O2yaARSNIGAZ2YS¢é aAFAR ¢l &f 2N/ dz2NIA&X
[F02NIG2NE O0bw9[ 0® a&wSLI ANEwoldrddacd RegadividlenMiron2nzal NE 2 7
AYLI OG&axX NBRdAzZOS NBa2dzNOS O2yaidNY}Ayidas FyR aGAyYdz

Curtis and a team of NREL researchers have been leading ongoing analysis of how to manage retiring PV
modules in support of the I 6 2 NI G 2NEB Qa @GAaA2y 2F | OANGeainl NJ SO2
conducted legaland literaturebased research and interviewed solar industry stakeholders, regulators,

and policymakers. They published a series of N&&Hnical reports, narrowing in on options and
opportunities for PV equipment reuse and recycling.

Technical, Economic, and Requlatory Factors for a PV Circular Economy

Today, there is little incentive for private industry to invest imgycling, repair, or reuse due to current

market conditions and regulatory barriers. In the United States, only one manufacturer has implemented

' bidl1S0F01¢ LINPINIXY (2 NBdzaS 2NJ NBOeoOftS NBUANBR
U.S. thirdparty recyclers that accept PV modules, most companies only recover bulk material and leave
behind highvalue materials such as silver, copper, and siticaccording toone report in the study

In the future, thel.S. industry for recovered PV materials from modules alone could total $60 million by

2030 or $2 billion by 2050. PV equipment recycling could increase supply chain stability and resource
security, decrease manufacturing costs, enhance O2 YLJ y&@ Qa4 3INBSyYy NBLIzi | GA2Y
streams, add tax benefits, and create American jobs.

To help spur private investment in the early stages of new and expanded PV market opportunities, the
analysts recommend governmefiinded R&D and analysito help relieve some of the market and
regulatory uncertainty associated with the reuse and-efitife PV options. R&D could focus on designing

PV modules to be more easily repaired, reused, or recycled, as well as on the associaHectiost
servces and business models.

Policy is also critical to a PV circular economy, ensuring the safe handling, storage, treatment, transport,
reuse, recycling, and disposal of PV equipment. However, NREL analysts found that existing
interconnection, fire, buildingnd electrical regulations in the United States could directly prohibit reusing
PV modules or inverters for gitiéd applications.

In the United States, PV equipment such as modules that are destined for resource recovery are often
regulated the same waas equipment destined for disposal. Therefore, there is no incentive to recycle,
especially when disposal costs less. Used PV equipment that is accumulated or stored before recycling or
disposal may be regulated as solid waste or hazardous solid waSewdste laws vary by jurisdiction

and mandate specific handling, storage, and transport requirements. Transporters of PV equipment may
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https://youtu.be/OhvQzuP12EU
https://www.nrel.gov/docs/fy21osti/74550.pdf

be subject to U.S. Department of Transportation hazardous materials regulations with specific packaging,
documentationand other transirelated related requirements. If PV equipment is shipped abroad, it may
be subject to international treaty requirements and export regulations.

Based on their analysis, the NREL team recommends a multifaceted regulatory approachdbsit pla
responsibility across the value chain. Consistent, clearly defined federal, state, and local regulations could
mandate and incentivize secondary markets. These laws could prohibit disposing PV modules, provide an
exemption from stringent regulation, eequire reuse. For example, Washington state has a policy that
requires PV manufacturers to take back or recycle modules at no cost to consumers. It also allows modules
to be regulated under lesstringent solid waste requirements if they are recycled.

Best Practices for Endf-Life PV Management

In another report in the research effop®REL analysts dig deeper into alternatives for managing retiring
PV systems. The best option for each systean it being decommissioned is determined by estimated
costs to refurbish or repower, and the projected revenue from continued operations.

If a system is operational and has not suffered extensive damage, it might be possible to extend the
performance pedd. This involves extending permits and the utility and interconnection agreement. While
there is no capital investment with this option, there are higher operatimhmaintenance costs to repair

aged equipment.

Refurbishment is an option with detailedysiical and electrical inspections and necessary repairs. This
could cost about $500 per kilowatt. If a system has suffered storm damage, the cost could exceed $750
per kilowatt. Refurbishment is more difficult because parts of old systems are increhanagiy find and
operationrand-maintenance providers may not have the expertise to work with older systems.

Some older PV systems can be repowered. This entails redesigning the system and installing a new PV
array and inverter(s) to rebuild or replace f@ver source. Repowering often costs 80% of the total plant
value. A repowered PV system is new in almost all respects and can leverage existisg |a@edmitting,

utility interconnections, and power purchase prices.

If it does not make economic sengergpair or refurbish a system, decommissioning might be the right
option. This entails removing the PV module and other equipment and restoring the land or roof to the
original condition. This ranges from $300 per kilowatt to $440 per kilowatt.

Tax impliations can also drive decisions because contracts are often structured so that projects are eligible
for tax credits and depreciation.

What Is the Current State of U.S. Policies and Initiatives for PV Recycling?

Afinal report in the serieanalyzes federal and state regulations (existing, pending, and historic) that
explicitly address PV module recycling in the United States.
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https://www.nrel.gov/docs/fy21osti/78678.pdf
https://www.nrel.gov/docs/fy21osti/74124.pdf

The analysts did not find any federal statutes or regulations thai@tipladdress PV module recycling.
However, stateand industryled policies have started to emerge related to -@fidife PV management
concerns. These statand industryled policies use their own frameworks tailored to specific options for
retiring Pvmodules and thereby impact different parts of the solar value chain.

Some states, such as New Jersey and North Carolina, passed laws in 2020 to require the stuafy of end
life PV management options to help develop options for legislative or regulatosydecations. This
research could also provide valuable, publicly available information about the costs and liabilities
associated with PV recycling and resource recovery opportunities. In addition, California has enacted
universal waste regulations, whielddress the enof-life management, transport, storage, accumulation,

and treatment of discarded PV modules.

As of May 2020, Hawaii has pending legislation that would require a comprehensive study of issues related
to PV module recycling and enétlife management. Rhode Island has pending legislation that, if enacted,
would create a PV module manufacturer stewardship and takeback program. California also has pending
legislation to study and recommend policies that would ensure PV module reuse or retyatia@f life.

Learn More

G! OANDdzZ  NJ SO2y2Yeé F2NJ az2fFNJt+x YIFIGSNRAItAa oAttt Ay@2f¢
FAYIFYOASNE G2 YIydzZFl OGdzZNBNEZé [/ dzNIAa al AR® d¢2asSi KSNE
are avoided and endf-life management extracts the most economic value and makes the least environmental

AYLI Ol Il indrdabdithe 9 [ Q4 GAEA2Y F2NJ I OANDdzZ | NJ SO2y2Yye T2

1.4.8 End of Life Management of Solar-?PRENA

ThelnternationalRenewable Energy Agency (IREpEX$pectiveon the end-of-life management of solar
pv below.

END-OF LIFE MANAGEMENT OF SOLAR PV

Despite the growth of solar PV and its bright future, the sun sets on even the best panels. As the global PV
market increases, so will the need to prevent the degradation of panels and manage the volume of
decommissioned PV panels. The sections belowrexplmvative and alternative ways to reduce material

use and module degradation, and opportunities to reuse and recycle PV panels at the end of their lifetime.
The framework of a circular economy and the classic waste reduction principles (reducendaesycle)

can also be applied to PV panels.

REDUCE: MATERIAL SAVINGS IN PV PANELS

The best option is to increase the efficiency of panels by reducing the amount of material used. Whilst the
mix of materials has not changed significantly, efficient masslyction, material substitutions and
higherefficiency technologies are already happening thanks to strong market growth, scarcity of raw
materials and reduction of PV panel prices. Research is progressing towards reducing the amount of
hazardous material, as well as minimising amount of material per panel to save costs. PV material
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https://www.nrel.gov/about/circular-economy.html
https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf

availability is not a major concern in the near term, although critical materials might impose limitations in
the long term. In addition, higher prices will improve the ecamenof recycling activities and drive
investment for more efficient mining processes, such as extraction of metals used in the PV manufacturing
process (i.e. silver, aluminium, copper and tin). R&D for PV is focusing on reducing or substituting different
components used for solar PV panels, name$: ganels (glass, silicon, etc.), CIGS panels (glass, polymer,
aluminium, etc.) and CdTe panels (glass, polymer, nickel, etc.) (IRENA-BNMPEA2016).

REUSE: REPAIRING PV PANELS

Most PV systems were instdlin the last six years. A gigarold panel today has aged by an equivalent

of 20% of its expected average lifetime of 30 years (IRENA aftY/FE2\ 2016). If flaws and imperfections
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replacement and insurance companies may be involved to compensate for some or all of the
repair/replacement costs. When replacement happens, quality tests to check electrical safety and power
output ¢ such as flash tesharacterisation and a wet leakage testan be undertaken to recover some

value from a returned panel through resale. Repaired PV panels can also be resold as replacements or as
used panels at a reduced market price of approximately 70% of the origiealsae, and partly repaired

panels or components might be sold on the seduartd market (IRENA and IEAPVPS, 2016).

RECYCLE: DECOMMISSIONING AND TREATMENT OF PV PANELS

Future waste management of installed PV systems largely depends on their typeearkbsigxample,

whilst the small and highly dispersed nature of rooftop PV systems can add significant costs to dismantling,
collection and transport of expired PV panels, waste management of large-stéiky PV applications is
logistically easier. Cugntly PV waste quantities are very moderate, which reduces the economic incentive
to create dedicated PV panel recycling plants.-&fdide PV panels are therefore typically processed in
existing general recycling plants. However, in the long run cotistguaedicated PV panel recycling plants
could increase treatment capacity and maximise revenues thanks to better output quality, and could also
increase the recovery of valuable constituents. Recycling technologies for PV panels have already been
researcled for the past 15 years and now the main challenge is to keep abreast of ongoing cell and panel
innovations to obtain the best possible results at acceptable costs (IRENA #HAEA2016).

Given the estimated growth of PV panel waste volumes, the gamant of enebf-life PV panels is worth
examining, along with the associatedcioeconomic and environmental benefi(HRENA and IERVPS,
2016). The value creation stemming from aidife PV management involves:

1 Unlocking raw materials and theivalue. The extraction of secondary raw materials from endof
life PV panels could create important value for the industry. PV panels have an average lifetime of
30 years, and they build up a large stock of embodied raw materials that will not becomélavaila
for recovery for some time. As such, recovered raw material can be injected back into the economy
and serve to produce new PV panels or other products, thus increasing the security of future PV
supply. Rapidly growing panel waste volumes over timesivilulate a market for secondary raw
materials originating from enaf-life PV panels.

1 Creating new industries and jobs in the PV sectdhe acceptance of future PV panel waste
management systems depends oRaperation among the different players acsasdustry, such
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as waste management companies, utilities, governments, producers, etofdigdPV panel
management holds the potential to develop new pathways for industry growth and offers
employment opportunities for different stakeholders. Simylathe PV recycling industry will
necessitate trained staff with specific skills and knowledge, education and training programmes.
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2.0Market

2.1 Levelised Cost of Electricity (LC@Epital Costs, Returns
and the Future of Solar

2.1.1 Levelised Cost of Electricity (LCQIE9zard Investment Bank

The primary consideration for new power generation is what is called the Levelised Cost of Electricity
production (LCOE). This is an analysis looking at thetéongcost of installing a new geration plant,
running that plant and accounting for all other costs incurred.
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land purchase, plant installation, licensing costs, fimélastructure to deliver electricity to a grid, carbon
costs, laboug pretty much every cost that will be incurred over the radtade life of the plant.

Figure Levelised Cost of Energy Comparisdnsubsidized AnalysigLazard Investment Bank)

LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 14.0

Levelized Cost of Energy Comparison—Unsubsidized Analysis

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances
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Figure:Levelised Cost of Energy Comparigdtistoric Utility Scale Generation Comparigofhazard
Investment Bank)

LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 14.0

Levelized Cost of Energy Comparison—Historical Utility-Scale Generation
Comparison

Lazard’s unsubsidized LCOE analysis indicates significant historical cost declines for utility-scale renewable energy generation technologies
driven by, among other factors, decreasing capital costs, improving technologies and increased competition
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2.1.2 LevelisedCost of Electricity (LCOB) Solar relative to other forms of
Generation IPCC

The Intergovernmental Panel on Climate Change (IPCC) has conducted research that allows us to compare
the Levelized Cost of Electricity solar relative to other forms of generation.

Figure:IPCC: LCOE of electricity [$/kWh] of currently commercially available technologies
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2.1.3 Levelised Cost of Energy (World Avergd®prld Economic Forum

Figure:Levelised Cost of Enerdi/¢rld Averagey World Economic Forum

Levelized Cost of Energy (World Average)
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This tool calculates an estimate of the levelised cost of electricity generation (LCOE) for each potential
ASYSNI GA2Y LINR2SOO Ay a.L9Qa DSYSNIGA2Yy {GFO1d ¢K:
modelling such as Electricity Demand andi&ation Scenarios (EDGS).

How the Interactive Levelised Cost of Electricity Comparison Tool works

Thelnteractive Levelised Cost of Electricity Comparison Tool ranks the projects from lowest to highest LCOE
and the resulting curve is a simplified reprasgion of the longrun marginal electricity generation costs

in New Zealand. It is important to note that this simplified long marginal electricity cost curve does

not take into account additional capital cost of meeting peak demand. Therlonmargnal cost is the
incremental cost incurred when additional electricity generation capacity is added to the system in the
long run.

Using default assumptions, the tool says that for the current point in time, the next generation plants likely
to be built areeither wind or hydro. The combination of declining wind technology costs and low discount
rates caused the LCOE of wind to reach as low as $54 per MWh. However, the tool does not allow for the
falling cost of both wind and solar in the future.
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Note: The COE is the average minimum price at which the electricity generated by the asset is required to
be sold for in order to offset the total costs of production over its lifetime.

Pretax discount rates

As of 18 September 2020, the Treasury recommended etdpdiscount rates in the range of 5% to 6%
per annum to be used in economic analyses.

Read abut the discount rates on the Treasury website(external link)

The default value of real petix discount rate in the calculator is 4.5% per anné®the LCOE is sensitive
to key assumptions such as discount rates and carbon tax, the tool allows ugerdoron sensitivity
analyses by adjusting key assumptions.

Future plans

As there are no utiliggcale solar installations in New Zealand, assumptions used in calculating LCOE for
utility solar are based on overseas studies and hence the estimateslgeet to large uncertainty.

In future MBIE is planning to build a Shiny app for this interactive tool and update the TWAP/GWAP
parameter.

Graph showing the Levelised Cost of Electricity Comparison of new generation projects
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The graph shows the outpof the Interactive Levelised Cost of Electricity Comparison Traolongrun
marginal cost curve of electricity generation.

The results in the graph are illustrative only and are derived from using default assumptions.
The graph ranks the projects from lowest to highest levelised cost of electricity generation (LCOE).
If lower cost plants are built first, the majority of new build generation is wind.

The graph shows a situation where the levelised cost of electricigrafgn (LCOE) of wind ranges from
$54 per MWh to $70 per MWh.

2.1.5 Levelised Cost of Ener@o(ar & Winjic IRENA

The International Renewable Energy Age(iBEENAjs an intergovernmental organization mandated to
facilitate cooperation, advance knowledge dapromote the adoption and sustainable use of renewable
energy.

The below is an extract fromdRENA Press Releaddajority of New Renewables Undercut Cheapest
Fossil Fuel on Cost

Renewable Power Generation Costs in 2#fws that costs for renewable technologies continued to fall
significantly yearon-year. Concentrating solar power (CSP) fell by 16 per cent, onshore wind by 13 per

cent, offshore wind by 9 per cent and solar PV by 7 per cent. With costs at low levels, renewables
AYONBLIaAy3It e dzy RSNDdzi S Bot Boiwdost Benewsdlestgiel develog8dNdndi A 2 y |
RSOSt2LIAYy3 O2dzy iNASa  ai0NRy3 odzaAySaa OFasS G2 LI«
new renewable project additions will save emerging economies up to USD 156 billion over their lifespan.

20102020 saw a dramatic improvement in the competitiveness of solar and wind technologies with CSP,
offshore wind and solar PV all joining onshore wind in the range of costs for new fossil fuels capacity, and
increasingly outcompeting them. Within ten ysathe cost of electricity from utiligcale solar PV fell by

85 per cent, that of CSP by 68 per cent, onshore wind by 56 per cent and 48 per cent for offshore wind.
With record low auction prices of USD 1.1 to 3 cents per kWh today, solar PV and amstiore
continuously undercut even the cheapest new coal option without any financial support.
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Figure:Solar andvind power technologies became the economic backbone of the energy transition

0.40
0.35
0.30
0.25

0.20

0.15 o ~ .
0.10 ———e.

0.05

2010 20Mm 2012 2013 2014 2015 2016 2017 2018 2019 2020

Solar Photovoltaic (PV) Concentrating Solar Power (CSP) Onshore Wind . Offshore Wind

Solar and wind power technologies became the economic backbone
of the energy transition

2@ IRENA

Lw9b! Qa N&wvsialdew leried@adleshdat existing coal plants on operating costs too, stranding
coal power as increasingly uneconomic. In the United States for example, 149 GW or 61 per cent of the
total coal capacity costs more than new renewable capacity. Retindgraplacing these plants with
renewables would cut expenses by USD 5.6 billion per year and save 332 million tonnes of CO2, reducing
emissions from coal in the United States by-timel. In India, 141 GW of installed coal is more expensive

than new renewble capacity. In Germany, no existing coal plant has lower operating costs than new solar
PV or onshore wind capacity.
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TheL w9 b ! VR&nkJZabldiPower Generation €bin 202 clearly showshe reduction in LCOE that
Solarhas made over the last decade relative to other forms of generation.

Table:IRENA Total gtalled Cost, capacity factor and levelized cost of electricity trends by technology,

Table H1 Total installed cost, capacity factor and levelised cost of electricity trends by technology, 2010 and 2020

2010and 2020

Total installed costs Capacity factor Levelised cost of electricity
(2020 USD/kW) (£] (2020 USD/kWh)
2010 2020 i:;f‘;f: 2010 2020 t:;‘rl“g“: 2010 2020 ::;‘I_I“!“:
Bioenergy 2619 2543 -3% 72 70 -2% 0.076 0.076 0%
Geothermal 2620 4 468 71% ar 83 -5% 0.049 0.071 45%
Hydropower 1269 1870 47% 44 46 4% 0.038 0.044 18%
Solar PV 4731 883 -B1% 14 16 17% 0.381 0.057 -85%
csp 9 0495 4581 -50% 30 42 40% 0.340 0.10& -68%
Onshore wind 1471 1355 -31% 27 36 3% 0.089 0.039 -56%
Offshore wind 4706 3185 -32% 38 40 6% 0.162 0.084 -48%

Figure:Global LCOESs from newly commissioned, Wilitgle renewable powegenerationtechnologies,

20102020

Figure E5.2 Global LCOEs from newly commissioned, utility-scale renewable power generation technologies, 2010-2020
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Noder This data is forthe year of commissioning. The thick lines are the global weighted- average LOOE value derved from the individual
plants commissionad in each year. The project-level LOOE is calculated with 2 real weighted average cost of capital (WACT) of 7.5% for
QECD countries and Ching in 2000, declining to 5% in 20200 and 10X in 2000 for the rest of the world, declining to 7.5% in 2020, The single
band represents the fossil fuel-fired power generation cost range, while the bands for each technology and year represent the Sth and
95th percentile bands for renewable projects.

38


https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020.pdf

2.1.6 Future ofSolar¢ LCOE, 2020World Economic Forum Annual Meeting

TheWorld Economic Forum states that the future looks bright for solar energy

1 Over the pastlecade, the cost of solar has fallen dramatically.
1 New technologies promise to increase efficiency and lower costs further.
1 Solar energy will soon be unbeatable compared to fossil fuels.

Figure

Figure 11: Total installed cost of utility-scale solar PV, selected countries, 2010-18
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2.1.7 Transpower RepodThe Sun Rises on a S@aergy Futureg Future of Solar
in NZ & LCOE

Summary except below frofiranspower ReporThe Sua Rises on a Solar Energy Fugure

The case for solar in our energy future

In 2017, solar became the leading form of new utility energy generation in the world.

The United Nations reports that in 2017, 98GW of solar generation was installed globally,imx¢eed

70GW of new fossil fuel generation built the same year by 40 per cent. This represents a significant global
shift ¢ the first time since the industrial revolution that a renewable form of energy has outstripped the
construction of conventional fassuelpowered electricity generation. This shift is the result of a-long
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running trend of falling solar prices. Prices for solar installations have been helped at times and, in certain
locations, by government subsidies but, stripping out all subsidiéty, solar is now on a pricing par with
gasfired peaking power stations. (It should be noted here that this is on a per unit of energy produced
basis. However, this is not a direct Hoe-like comparison as gdfed peaking power stations produce
power on demand, whereas solar produces variable energy output and varies by region.) Within the
AYRdAzZAGNEBZ t221Ay3 G GKS NBIfX dzyRSNIeAy3a O2aia

Figure 1 below shows the levelised cost of epérga range of electricity generation technologies1. With
forecast carbon prices applied to gi@®d electricity generation, this graph shows that the cost of energy
from gasfired power stations will be double the price of energy from utility soldrinvét decade.

Figure 1: NZD cost of energy from different sources as technology and carbon prices evolve
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The levelisedost of utility solar is expected to continue fallmigy a further 24 per cent over the next 10
years, and by over 40 per cent by 2050. Based on what we currently know and believe, by 2050 utility solar

Ad tA18te (2 0S8 (KS ygaaghalyrieapdiitn widd, avkich Wiakdrcortifue Sy S NI

to fall in price.

The Massachusetts Institute of Technology has reported that the cost of photovoltaic solar cells has fallen
by 99 per cent over the last 40 years. The installed cost per watitasfenergy has halved in Australia in
the last six years.

The decreasing cost and steadily improving solar performance, as well as an increasing focus on
sustainability and selfeliance, are now driving the mass adoption of distributed solar in homes and
businesses, as well as grid and network connected solar farms.
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Figure & : Levelised Cost of Energy compared to generation and retail prices (5/KWh)
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Figure § shows the average cost of energy produced. We compare utility and rooftop solar with and withouwt batferiss
to the average New fealand generation price and retail price. Mote retail prices include the cost of distribution,
transmission and retail. Without 3 battery, energy use must fit with times of generation. Average solar irradiation used
for analysis. Generation price and retail prce from Electricity Price Review First Report.

2.1.8 Future of Solar RepoctiRENA LCOE, Capital Cosihd other Info

Summary extracts from théRENAC Future of Solar Report

Achieving the pariglimate goals would require significant acceleration across a range of sectors and
technologies By 2050 solar PV would represent the sedanglest poweigeneration source, just behind
wind power and lead the way for the transformation of tflebal electricitysector. Solar PV would
generate a quarter (25%) of total electricity needs globally, becoming girerinent generations
source by 2050.

Such a transformation is only possible by significantly scaling up solar pv capacity in nex thre
decadesThis entails increasing total solar PV capacity almost sixfold over the next ten years, from a
global total of 480 GW in 2018 to 2 840 GW by 2030, and to 8 519 GW by aA50crease of almost
eighteentimes 2018 levels.

The solar pv industryould need to be prepared for such a significant growth in the market over the
next three decadedn annual growth terms, an almost threefold rise in yearly d8\acapacity
additions is needed by 2030 (to 270 GW per year) and a fourfold rise by @R (GW peyear),
compared to current levels (94 GW added in 2018).

Scaling up solar pv energy investment is critical to accelerating the growth of
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Globally this would imply a 68% increase in average arsulat
PV investment from now until 2050 (to USD 192 billion/yr). Solar PV investment stood at USD 114
billion/yr in 2018.

Globally, the tatl installation cost of solar PV projects would contittudecline in the
next three decades. This would make solar PV highly competitive in many markets, \aitartége
falling in the range of USD 340 to 834 per kilowatt (kW) by 2030 and USD 163k¢/4812050,
compared to the average of USD 1 210/kW in 2018.

The levelisedost of electricity (LCOE) for solar PV is already competitive compared to all fossil fuel
generation sources and is set to decline further as installed costs and performance continue to improve.
Globally, the LCOE for solar PV will continue to fall foraverage of USD 0.085 per kilowatur

(kwWh) in 2018 to between USD 0.02 to 0.08/kWh by 2030 and between USD 0.014 to 0.05/kWh by 2050.
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Flgure ES 1. Status and future of solar photowoltalcs (PV) - Tracking progress to
accelerate solar PV deployment to achleve Parls Climate targets
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Scaling up electricity from renewables is crucial forRh8 OF ND 2y A al GA2y 2F (GKS 42 NI

Solar, along with wind energy, would lead the way in the transformation of the global electricity sector.

Figure : Renewables and efficiency measures, boosted by substantial electrification, can provide over 90% of
the necessary CO, emission reductions by 2050
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Figure :Compared to 2018 levels, cumulative solar PV capacity is expected to grow sixfold by 2030,
with a CAGR of nearly 9% up to 2050
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Sources: Historical values based on IREMA's renewable energy statistics (IREMA, 2019c) and future projections basad on IRENA"s analysis (2019a).



: The levelized cost of electricity (LCOE) for solar PV is already competitive now compared to all
fossil fuel generation sources and would be fully competitive in a few years.
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2.1.9 Operation & MaintenancelRENA Future of Solar

5.3 OPERATION AND MAINTENANCE

An operation and management (O&M) system is
a key component of 3 solar plant, a5 it ensures that
the PV system will be able to maintain high levels of
technical and economic performance over its lifetime
(SolarPower Europe 0O&M Task Force, 2018). In
addition, the O&M phase is the longest in the lifecycle
of a PV project, as it typically lasts 20-35 years. As
such, ensuring the quality of O&M services is essential
to mitigate potential risks.

Innovations and improvements, including more data-
driven solutions, are becoming increasingly important
because they help O&M services to keep up with market
requirements. Important trends in O&M innovation
can be grouped in two main categories: 1) smart PY
power plant monitoring; and 2) retrofit coatings for PV
modules.

SMART PV POWER PLANT MONITORING
Drones for Intelllgent monltoring of solar PV

The exponential growth seen in PV markets has led to
the development of large-scale power plants, which
has increased demands for better tools for inspaction
and monitoring. Mormally, the process of monitoring
is done by conducting manual inspections; however,
these can be replaced by intelligent systems, such
as drones. Drones are becoming highly suited to the
solar industry due to a wide range of surveillance and
monitoring capabilities, the possibility of long-range
inspection and easy control. In recent years they have
become popular for their capability to monitor large-
scale solar parks in less time than by human inspection.
With the help of sensing elements, drones efficiently
capture the necessary data and send them to the cloud
for analysis in less time and in more accurate form
(Kumar et al., 2018).

PV plant power output forecasting

Electricity generation from PV plants is limited by the
variable nature of the sun’s radiation. The growing
penetration of PV into electricity markets creates the
need for new regulations to guarantee grid stability
and the correct balancing of electricity demand and
supply (SolarPower Europe O&M Task Force, 2018).
The ability to predict PV production is therefore an
essential tool to capture economies in a market with a
high penetration of non-pradictable energy. Currently
simulation models and meteorological forecasting
resources for specific PV plants are well proven
technologies. Algorithms that are able to match
weather forecasts with PV plant characteristics are
being used to predict energy production on an hourly
basis for at least the next 48 hours.

In this context, short-term data collection represents
a valuable opportunity to improve PV plant yield
forecasting, and improvements in communication
procedures between devices (i.e. modules, inverters,
sensors, etc.) would contribute to improving intraday
forecasting, calculation of performance expectations,
and exchange with the energy grid (SolarPower
Europe O&M Task Force, 2018). Solar monitoring is
indeed a key component in asset operation; however,
the process is often difficult, mainly due to two factors.
First are frequent failings in communication betwsen
devices and the cloud or data centre infrastructure. To
overcome this challenge, the Internet of things (loT)
represents a valid solution for PV systems, as it is an
interoperability environment where all devices in the
field are connected to each other and spontanecusly
show themselves as available to be connected to
the system (SolarPower Europe O0&M Task Force,
2018). Second is the lack of proper standardisation of
terminology and languages used by all communicating
devices. In this regard, efforts are being made
throughout the whole PY market to increase
standardisation of communication, which will improve
the security level, options for communication, and
configuration costs for solar monitoring (SolarPower
Europe O&M Task Force, 2018).
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2.1.100peration and Maintenance CosiRENA

Operation and Maintenance Cos{($RENA Renewable Power Generation Costs in 2020 Report

The operation and maintenance (O&M) costs of utditgle solar PV plants hasteclined in recent years,
driven by module efficiency improvements, which have reduced the surface area require per MW of
capacity.

At the same time, competitive pressures and improvements in the reliability of the technology have
resulted in system degis that are optimised to reduce O&M costs. Improved O&M strategies that take
advantage of a range of innovations have also driven down O&M costs and reduced downtime. Such
Ayy20FiAa2ya aiNBGIOK FTNRY NRBo2GAO Ofdénkifyissyed and 2 W0 A -
preventative interventions ahead of failures.

For the period 2012020, O&M cost estimates for utiligcale plants in the United States have been
reported at between USD 10/kW/year and USD 18/kW/year (Wiser et al., 2020; Bolinder2e18;

Bolinger et al., 2020; EIA, 2020; NREL, 2018; Walker et al., 2021). Recent costs in that country seem to be
dominated by preventive maintenance and module cleaning, with these making up as much as 75% and
90% of the total, depending on the systéype and configuration. The rest of the O&M costs can be
attributed to unscheduled maintenance, land lease costs and other component replacement costs.

Average utilityscale O&M costs in Europe have been recently reported at USD 10/kW per year (Steffen e
al., 2020; Vartiainen et al., 2019), with historical data for Germany suggesting O&M costs came down 85%
between 2005 and 2017, to USD 9/kW per year. This result suggests there has been a reduction of between
15.7% and 18.2% with every doubling of thiasBV cumulative installed capacity.

For 2020, the solar PV LCOE calculations in this IRENA report assurrscaitditp&M costs of USD

17.8/kW per year for projects commissioned in the Organisation of Econormpe@idion and
Development (OECD) membeuntries (a 3% decline from 2019). For projects commissioned-DEGCD

countries during that year, USD 9.0/kW per year is assumed (a decline of 5% from 2019)4. These are the
SAGAYIFIGSRY Qi hislat ORlAfIfaT a2 Ay Of daetSnadgement whichlateK | &4 A
sometimes not reported in all O&M surveys.
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020.pdf

2.1.11Solannstalled System CoanalysigCapital Cost [$/Wp]) ¢ NREL

Figure:Solar Installed System Cost AnalgSNREL
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https://www.nrel.gov/solar/market-research-analysis/solar-installed-system-cost.html
https://www.nrel.gov/docs/fy19osti/71714.pdf
https://www.nrel.gov/docs/fy19osti/71714.pdf

2.1.12EECAc Capital Costnalysis of Commerciatale (rooftop) solar in New
Zealand

EECA Report: Commeresahle solar in New Zealand An analysis of the financial performancesiieon
generation for businesses
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Figure 4: Per unit capital cost (NZD) at 2021 versus system size for commercial rooftop solar installations.

Table 29: IRENA commercial rooftop solar capital cost summary (NZ $/Wp). 2020 and 2021 projected.

Selected Calendar year

countries

U5 statos 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Australia 3.87 3.10 273 2.34 2.18 2.04 1.89 1.75
China 4465 3.48 286 232 1.96 1789 i71 131 106 0.98 0.91
Italy T.55 B.44 3.63 2.87 282 219 201 183 1.65 158 1.47 1.36
Japan 7.32 588 4.36 3.38 329 3.17 2.90 297 258 237
GBI‘I‘I’IHI'I]' 4. 88 3.156 2.69 236 177 189 180 1.78 158 1.45 1.35
::;Tm 263 2.42 2.32 2.30 213 1.87
Arizona 9.82 8.68 7.65 6.06 4.99 5.36 &4.80 4.34 3.75 346 3.20 2896
California .07 875 6.94 847 512 4.98 E.16 4.90 4.47 4.30 3.88 3.88
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https://www.eeca.govt.nz/assets/EECA-Resources/Research-papers-guides/Commercial-scale-solar-in-New-Zealand.pdf
https://www.eeca.govt.nz/assets/EECA-Resources/Research-papers-guides/Commercial-scale-solar-in-New-Zealand.pdf

NZ Rooftop Solar Capital CogANp]

Table 2: Per unit capital cost (NZD) at 2021 for 10, 100, 500 and 1000 kWp system capacities.

Swe | CostNZ$MWp |

(kwp)

10 2.08 2.6 312
100 184 2.3 2.76
500 1.44 18 218
1000 1.36 1.7 204

Purpose Capitahnalysis oEECA Capital Costs figures vs actual costs:

https:/ fwenw. eeca.govt.nzfassets/EECA-
https:/ fwww. mysolarguotes.co.nz/about-solar- Resources/Research-papers-
ower/commercial /s bout-commercial-grid-connect/ guides/Commercial-scale-solar-in-MNew-
fealand. pdf
Analysis of mysolarquotes.co.nz My Solar Quotes Capital Cost
5/Wp ¥ Y 9 %/Wp EECA Report: v . ° R
data Variance from EECA Report
Capital Cost
(W] incGsns | WP
lower base upper lower base upper
10,000 | 5 22,000 2.20 2.08 2.60 3.12 -5.8% 15.4% 29.5%
100,000 | S 180,000 1.80 1.84 2.30 2.76 2.2% 21.7% 34.8%

“Capital cost had the most impact, with IRR reducing about 20%
when capital costs were increased 20%, and IRR increasing about
35% when capital costs were reduced 20%. Businesses may be able
to access the lowest costs tested in this report, and with ongoing
solar cost reductions, this will continue to make solar more
attractive to commercial enterprises.”

t /[ Qa O ra&ualNAcapitaldédtsiare 20% lower than the figurpsesented by EECA therefore it
isreasonable to assumthe actuallRR will be 35% highér K 'y 99/ ! Q&4 Lww FA3IdzNBaA
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2.1.13EECAIRR analysis of Commeraaale(rooftop) solar in New Zealand

t /[ Qa @A S g NAcapitafdédtsiare R0 liodsr than the figures presented by Ef@refore it
G2 | a&adzy$s

Aad NBFazyrofsS

iKS

I O dzI f

AnIRR analysis of Commeresahle solar in New Zealandy EECAn 2021

A summary of average internal rate of return by load type and location is given in Table 10. These show a
general trend towards higher IRRs in centres with higher solar capacity factors (from Table 7). However, it
is difficult to say this definitively diue differences in distribution pricing between centreisis is discussed

Lww @gAff¢

0S5

0 P

further in Section 5. Levelised cost of energy is summarised in Table 11. Average solar capacity, such that

IRR is maximised, is given in Table 12. This helps explain the La®Esgset unit solar costs are higher

at lower capacities, and decrease substantially at higher capacities, according to Figure 4. Average site
load is summarised in Table 13. With all of these tables, the averages for each load type across all locations
(rightmost column), and averages for each location across all load types (bottom row) will be biased by
the load types and locations included in the sample, and should therefore be treated as broadly indicative

only.

Locations are Auckland (AK), HamiltbiN], Tauranga (TR), Napier (NR), Wellington (WN), Nelson (NN),
Christchurch (CC), and Dunedin (DN).

Table 10: Average internal rate of return by load type and location.

Loadype | AL HN [ TR NR

4.3%
5.8%
5.0%
5.1%

6.5%
4.8%
6.3%
B6.6%
8.4%
6.8%
5.2%
6.8%

4.8% 5.3%
4.2%
3.5% 6.5%
6.3%

3.3%
4.7% 5.0%

2.2%

3.0%

4.6%

2.0%

3.0%

2.6%

2.6%

3.1%

3.3%

2.9%

5.8%

5.6%

3.2%
6.8%

5.7%
4.7%

4.4%
5.1%

1.1%
1.7%

1.1%

$EeREEREREGERES

| WN NN CC DN | Mean
2.9% 5.0% 5.8% 0.6% 3.9%
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https://www.eeca.govt.nz/assets/EECA-Resources/Research-papers-guides/Commercial-scale-solar-in-New-Zealand.pdf
https://www.eeca.govt.nz/assets/EECA-Resources/Research-papers-guides/Commercial-scale-solar-in-New-Zealand.pdf

Applying tle 35% increase tthe NZmean IRR of 5.2%sults in arlRRof 7% which appeargonsistent
with Yhdustry chaterCbf 7-8%IRRfor commercial rooftop solafor higher in someircumstances).
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Figure 11: IRR versus solar system capacity for big box retail Site 100.
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Figure 8: Financial results of analysis of solar at big box retall Site 100 and another seven sites in descending order of IRR.
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Figure 9: Sensitivity of IRR to inputs for big box retail Site 100 and three other sites.

2.1.14Renewables Burns ¢ World Economic ForumRénewable Infrastructure
Investment Handboqgk

¢tKS 0St2g6 AYyF2NNIGA2Y A& NBTSND RaDE&WRble InkidstictuieK S 2 2 1
Investment Handbook: A Guide for Institutional Investors

Figure: Target Returns Tables frdEF Renewable Infrastructure Investment Handbook

Renewable Infrastructure Investment Vehicles Insttutional Investor Presence in Renewable Infrastructure
Target Risks/lssues ltemy/Size (ALM) Very large Large Medium
Returns L
First investment T years ago 5 ya8rs ago 10 years ago
! ~ . in renewables
Public debt (green 3-6% Few “pure play™ grean
bonds) infrastructurs companies Commitment to £2bn to S1bn to £2bn £500mm ta
renewables £3bn £ibn
Public equities 5-20% Sector divarsification limits
Exposure Diirect Funds Public
imestments equities and
Infrastructure T-20% Fae structures, liquidity ’ . -
funds
funds considerations
Returns High single High =angla High singls
Direct project debt G-10%% lliquidity, deal pipaline digits digits digits
Direct project 12-18% liquickty, deal pipaline Ky cOnuirolint Rogputa Reglidicn Bt
. pipeina opporttes
equity ane in directs
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https://www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf
https://www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf
https://www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf

2.2 Economics oWtility-Scale Solan Aotearoa New Zealard
Executive SummanrAlan MillerConsulting Ltd for MBIE

Economics of Utilinscale Solar in Aotearoa New Zealarfébrecasting Transmission and Distribution
Network Connected 1 MW to 200 MW Utikicale Photovoltaic Solar to 2060 A..L«

Executive Summary

This study contributes to the Ministry of Business, Innovation and Employment’s development of the
Electricity Demand and Generation Scenarios (EDGS). It does so by providing a forecast of potential
utility-scale photovoltaic (PV) solar electricity generation in Mew Zealand, with accompanying
detailed information such as size, location, and cost of each project. This provides an evidence base
to inform energy sector and climate change policy, infrastructure providers, and the wider modelling
community.

For a given location and design, utility-scale PV solar rate of return is most sensitive to electricity
price and capital cost to build. From the absence of utility-scale solar development in New Zealand
to date, the combination of electricity price and capital cost appear to have not guaranteed a
suitable rate of return as yet. However, as the forecasts in this report show, capital costs for wtility-
scale solar are reducing and are now close to a point where rate of return becomes acceptable to
consider building such plant. The forecasts also show that once that point is reached, the
development of utility-scale solar could be extensive and rapid.

Litility-scale solar capital cost reduction is fuelled by a substantial worldwide PV industry that in 2018
produced and installed 103 GWp of solar modules — enough to meet Mew Zealand's annual
electricity requirement by more than 3 % times.? This industry has grown substantially in the past 15
years and is expected to continue to grow according to International Renewable Energy Agency
(IREMA) and International Energy Agency (IEA) forecasts. As the industry continues to grow, it
improves production and installation technigues, leading to a lower module and system capital cost.
Indeed, dramatic cost reductions are predicted by IREMA.

The exact timing of utility-scale solar development in New Zealand depends on several other factors
in addition to electricity price and capital cost. These include:

+ Location - irradiance varies substantially depending on location, mainly due to weather
conditions but also due to latitude and topographic shading, and land availability in those
locations (while there is ample land suitable for utility-scale solar systems, its availability will
be constrained by alternative uses).

+ Utility-scale solar systemn design - it is now economic to incorporate tracking systems to track
the sun throughout a day, and to over-size module capacity to improve the inverter loading
ratio and offset module degradation, thereby improving system capacity factor.

+ Suitable electricity transmission or distribution infrastructure.
+ Cost of capital and desired rate of return.

The scenarios investigated in this report illustrate the potential utility-scale solar build outcomes
from changes in and optimisation of some of these factors. The modelling approach assumes that

' GWp is the peak power in giga watts that can be produced by a solar energy system, under ideal sunlight and
temperature conditions. The actual power produced will vary substantially from the peak power as sunlight
{irradiation) wvaries and module efficiency wvaries with temperature, shading, surface cleanliness, and 54
degradation over time.

Econormics of Utility-5cale Solar in Aotearoa New Zealand -1-


https://www.mbie.govt.nz/assets/Uploads/utility-scale-solar-forecast-in-aotearoa-new-zealand-v3.pdf
https://www.mbie.govt.nz/assets/Uploads/utility-scale-solar-forecast-in-aotearoa-new-zealand-v3.pdf

IX

utility-scale solar is built if it is economic. This approach does not compare utility-scale solar with
other generation technalogies, so in that sense it is not a forecast of build, but rather a forecast of
potential build. Scenarios were designed to primarily test sensitivity to electricity price and rate of

return. The core scenarios, pertaining to results in this Executive Summary, are shown in the table
below.

Price scenarie parameters for the results shown in this Executive Summary - three core price scenarios consistent with the
Ministry of Business, Innoviation and Employment’s Electricity Demand and Generation Scenarnios.

B*:’;L'“;‘;‘;;'ﬂ'l‘“ General Price| Elecirictly prce | Land vae | GEM pice| Wage | Nomina | Mominal IR oniena for
| infaticn Iniation iMation | infiation | infafion |dscount rate| selectng potenta site
I M LW
3|EDHSS Backe: Casi &5 el Fel 5% % N TH E.5%
dlEDE‘S S iy Ok &5 e 1% B % I EX 0.5%
5|ED'E|S Soeen arke Tead E5 Fo] Eed I5W % EL] 55 6.5%

The rationale for the scenario parameters is explained in detail in the report. Briefly: (i) the 2017
electricity price from the 2019 EDGS scenarios is used with inflation adjustment. This is based on the
long run marginal cost of new generation entering the market in the 2019 electricity demand and
generation reference scenario; (i) the Base Case scenario (1D 3) assumes electricity price increases at
the same rate as inflation —and therefore the real price remains constant in 2020 dollars, consistent
with the wholesale price indicator in the 2012 EDGS scenarios; (i) land price inflation is set above
the average dairy farm land price increases from 1978-2015 of 2_6% per annum; and (iv) the nominal
discount rate is assumed to be 7% in the Base Case which is consistent with that used in the wind
generation stack update report for EDGS. Since this study is exploratory in nature, parameters
chosen for EDGS Scenario One and Two (1D 4 and ID 5) are quite extreme in order to provide a broad
range of estimates of the potential solar sites.

Projections of solar capital costs are based on international studies of component cost by utility-
scale solar systemn size, projected production and historical learning curves. Although worldwide
solar module production has increased exponentially historically, this analysis assumes that the rate
of increase will start to slow sometime in the next 10 years. As a result, capital costs reductions are
also expected to slow. Two “production scenarios’ for this effect are included, with the slowing
beginning at different years (from 2012 or from 2024). The reason for this is to investigate the
forecast sensitivity to slowing worldwide solar production and the slowing of expected capital cost
reductions.

The following chart shows build forecasts for both transmission and distribution connected solar for
the three price scenarios in the above table. In the chart the Base Case (solid green bar) requires a
rate of return of 8.5% and incorporates strong land price inflation and medium electricity price
inflation. Scenario One (salid red bar) requires a rate of return of 9.5%, has high land price inflation
and low electricity price inflation. The Scenario Two (solid blue bar) requires a rate of return of 6.5%
with moderate land price inflation and high electricity price inflation. The patterned bars are the
same scenarios but with worldwide PV module production slowing from 2019. In all forecasts the
capacity of distribution connected solar is about 5-15% of transmission connected solar.
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As shown in this chart, the potential build differs significantly between scenarios, illustrating the
sensitivity of utility-scale solar build to the economic assumptions. Nevertheless, it is worth noting
that if and when utility-scale solar does become economically feasible, growth could be rapid, with
major development possible in the space of 5-10 years.

The approach used has considered utility-scale solar plant on a site-by-site basis, so by its nature has
also examined where and when in New Zealand utility-scale solar systems are forecast to locate. This
varies slightly between scenarios due to land price and electricity price difference. In general, the
first forecast transmission connected utility-scale solar systems are forecast to locate (i.e. become
economic) in the Mackenzie District and Tasman District, followed by Marlborough, Waikato,
Hawke's Bay, Bay of Plenty and Central Otago as shown below. The first forecast distribution
connected utility-scale solar systems locate (i.e. become economic) in the Far North District, Tasman
and Marlborough, followed by the Bay of Plenty, Hawke's Bay, Waikato and Canterbury, as shown
below.
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IX

The forecasts also show very high solar development in some scenarios, even with transmission and

distribution capacity constraints accounted for. It may be questionable whether the wider electricity

system could accommodate such solar capacity (for example, in terms of technical integration and

managing and storing the daily and seasonal solar generation profile). This effect is being observed

in Australia now, where there are far more new solar generation plants wanting to connect to the

state grids than the distribution and transmission companies can deal with administratively and that

the national System Operator is comfortable connecting. However, as mentioned above, a rapid rate

of growth when the balance tips towards utility-scale solar systems becoming economic suggests the

need for preparedness by network owners and operators.

When considering the forecasts in this report the following should be considered alongside them:

1.

Capacity factor of a renewable generator is a particularly impaortant consideration. Capacity
factor is the measure of the resource available to a renewable generator, and its efficiency in
converting that resource into saleable energy. For this it employs solar generating plant
which comes at a considerable cost. Capacity factor is closely related to the solar resource,
solar module efficiency and inverter characteristics. As discussed above, utility-scale sclar
system design can improve capacity factor; this study assumes all solar systems will employ
increased inverter loading ratios and single-axis tracking. With these improvements the
capacity factors of solar modelled throughout New Zealand range, conservatively, from
about0.12 to 0.20.

The forecasts must be viewed in conjunction with possible medium- to long-term electricity
infrastructure changes. Infrastructure changes that will permanently increase or lower price

and/or location factors are particularly important.

The large influx of solar capacity shown in some forecasts may also depress the wholesale
electricity price at times when solar is generating, negating the incentive to develop a utility-
scale solar project. While the forecasts do incorporate the reduction in location factor at a
location from increased generation resulting in lower transmission losses, they do not
incorporate the entire wholesale electricity market, and the effect of increased generation
on real-time wholesale price. For these reasons, the very high forecast scenarios (the blue

bar in the above chart / Scenarios 0, 2, 3, 5 and & in the report) are unlikely to eventuate.

The rates of return of utility-scale solar projects in other jurisdictions may be greater than
what can be achieved in New Zealand. Solar projects in countries with better solar resource,
such as Australia, California, the Middle East and northern Africa will produce more enargy,
potentially increasing rates of return. This is relevant, as the forecasts are based on ufility-
scale solar projects meeting an acceptable rate of return. For this reason, a range of rates of

return are tested in the scenarios.

However, as solar development becomes saturated in  other countries, solar
investors/developers may look to Mew Zealand for development. Even if those countries are
a long way off saturation, increasing solar deployment will drive more module production,
reducing PV system prices further and thereby increasing rates of return in New Zealand. As

discussed earlier, utility-scale solar forecasts are very sensitive to capital cost.
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6. There is also the possibility that the cost of capital will decrease substantially in the near- to
medium-term largely as a result of the coronavirus (COVID-19) pandemic declared while this
study was being conducted. Consideration was given to adjusting some scenario parameters
to account for economic disruption from the pandemic. However, this is a long-term study to
2060 and the parameters were therefore retained. Nevertheless, the report does investigate
some of the forecast outcomes that may eventuate in a low cost of capital and electricity
price inflation environment. Countering cost of capital reductions could be disruptions to
supply chains of solar equipment resulting from the pandemic, possibly increasing its capital
cost. While investigations of more recent capital costs show ongeoing reductions in PV
module and inverter costs, more recent data was not available at the time of writing to

understand the impacts from the pandemic.

7. Since many PV components are imported, fluctuations in the New Zealand dollar could
change the cost of systems in New Zealand. This may counter reducing rate of return
requirements, although other generation technologies are likely to be similarly affected by

exchange rate fluctuations.

8. Ongoing advances in other generation technologies, such as wind and geothermal, may see
reductions in their capital costs. In turn they will continue to compete with utility-scale solar,

and therefore the very large forecasts indicated in this report may not eventuate.

9. The lifespan and analysis of utility-scale solar used in this study was 25 years. This is a
conservative assumption, as lifespans of modern modules are more likely to be in the range
of 30 years, but they may attract a price premium.

10. The HVDC link transmission charges sclely to South Island generators was removed as per
the proposed new transmission pricing methodology published by the Electricity Authority in
July 2019.

One of the key findings from this study is how rapidly utility-scale solar development could become
economic in New Zealand. For example, if all economic utility-scale solar systems were built within
the existing grid capacity, there could be several gigawatts of development in the space of 5-10
years. This growth would be fuelled primarily by the exponential growth in module production (a
consequence of the large and growing solar industry). Moreover, such rapid growth could begin any
time in the next 10 years.

Finally, further investigation of solar forecasts with a lower electricity price inflation combined with a
lower cost of capital environment, shows lower overall solar capacity development. Nevertheless,

the development may still be rapid and occur in the next 10-15 years.
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2.3 Current Solar Landscape in KOmpetitors& VariousNZ
SolarModels

2.3.1 Commercial Rooftop Solallist of largest NZ solar installations known by
Purpose Capital (installed, una®mstruction, & proposed):

1. m®dmc c a? C22Ra0dzFTa b2NIK LatlyR B5AaGNROGdzIAZY
installation at April 2020), system by Reid Technology, 6,6@dmanels estimated to generate
1.5GWh p.a. & the building is 75,000m2 (Jan 2020)

2. 524kW Laminex Hamilton rooftop solar array (Sept 2020)

3. MHHY2 alAYFNBAIKG !'dzOlflyR 5SLR2G ob®%Qa I NASal
Reid Technology, Mainfight building is 20,000m?2 (2020)

4. 411KW Yealands Wines, Blenheim rooftop solar installation, 10% of day time baseloads. (2016)

5. 315KW A&G Price, Thames, rooftop solar installation (Nov 2019)

6. 240KW Tarewa Shopping Centre Whangarei, rooftop solar install@idm)

7.MmTnY2 alAYFTNBAIKG "largésdt fodit@pyinstall&iadatithe dirbe)s §ystemrby

SolarKing, Mainfreight building is 18,400m2 (2015)

8. 153KW Misco Joinery, Christchurch. The largest commercial solar installation in Canterbury at
time ofinstall. Estimated 16.1% return on investment. 65% of total electricity needs (May 2019)

9. 150KW Energyworks (Engineering company in New Plymouth), system by Sunergise (May 2021)

It is apparent fromthe installationsmentioned above, most of which occurrediring 20192021, that
Rooftop solar isommerciallyviablein a New Zealandcontext.

Foodstuffs NI Distribution CentreExcerpt fromArticle (23April2021)

Quin says the decision to include just over 2900 solar panels on the roof was initially a bit afeatrast
socially responsible move.

But soaring commercial power costs over the last six to nine months have made that decisiordbok g

in hindsight.

WOQECKSNEQa 0SSy | aSAaYAO AKATFGOG Ay LIRoSNI Ozada Ay
AYONBIFaSa 2F mnn LISNI OSyd FyR 6S RARYQU (1(y2¢ GKI G
certainly good news weliz QQ vdzAy &l @4

G¢KIGQa 0SSy I YlIaaArg@gsS akKz201 G2 bS¢ »%SrHf{lyR o0dzaA)
f221Ay3 AYONBlIaAy3ate RAFFAOAL G e
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https://www.stuff.co.nz/business/124857669/foodstuffs-staff-move-into-building-big-as-8-rugby-fields

2.3.2 Solar Farms List of largesiNZsolar installation&nown by Purpose Capital

(installed underconstruction,& proposed)

Prior to 2021 there was no large/utility scale land based solar farms iNdNiZ there is a groundswell of
projectsandA (1 Q& |jdzA S Im2AyRARKES N IIIKBASOt NBAY GKS LIALISEAYS

1.
2.

Lodestone (PROBED$300m400GWh
1000MW Total Future Investments byFar North Solar Farmitd over the next5-8 years
(PROPOSED)

FNSF have several largeale solar projects planned in Northland, including a power station on the outskirts of Kaitaia with 20ha of
panels ad an ever bigger solar farm with a 30ha panel area near Dargaville.

500MW total Genesis Energy solar farannedin North IslandPROPOSE3P0kw solar farm
in the Northern Waikatdo deliver 550 GWip.a.

Genesis Energy plans to build enough solar energy farms over the next five years to meet a little under 2 per cent gt hbl&o@ &

current electricity demand. The company said it was finalising a joint venture with overseas solar firms to generaté@bmawatt
hoursofsolapada{ 2t  NJ YI 1 Sa &a8SyasS 2y I ydzyoSNI 2F tS0Sta I yRsaad 06StAS3S
a2t NJ LINE 2 S Oi-&enksjs chieegecutt® Mdrd: EyigRamde

26 MW solar farm at theMarsden Point @iRefinery, (PROJECT ON HOLD)

16MW PukenuiFarm byFar North Solar Farixtd, $30m 12haof panels on 15ha of landUNDER
CONSTRUCTION)

10MW solar farmat I 61 SQ& . I & | A NhIEnhEd nekt yoRhe rurBveyii exXpedted y S &

to be operational by the end of 20ZPROPOSED)

2.1MW Kapuniowned by Todd Corporatioaystemby SunergiséMay 2021)

GaLi RSFAYAGSt e LINE JSstalelbdldr farmdirkNeWEealdnd, and th®® a8l F 28t SQBB2 YA 0z ¢ { dzy S
manager Paul Makumbe saiakumbe said the company was constantly looking for new solar energy sites around the country.

2MW Kea Energy Miborough Solar Farn$2.5m$3m (March 2021)
1MW Floating Sola? I G SNOI NEQa w2aSRIFtS glFadaSéel G6§SNI GNBI ()

* Note: ¢c.200MW- Name of party omitted for confidentiality reasons, this party has MoUs in place for
€.200MW of ground mounted solar systems in NZ.

** Note: 350 MW- HES Aoteargaajoint venture betweenHive Enerqgy, Ethical Power Group and Solar
South Westthat theyhope will lead to 350 MW of utility s@installations in N4heir NZ Project Pipeline
belowK2 6 SOSNI A0 Qa dzyly26y 6 KSi(i KSNIfais SidhfonedEove2 @S NI | LI

MNew Zealand HES 1 Auckland 60
HES 2 Manawatu 90
HES 3 Timaru 32
HES & Waikato 15
HES 5 Ashburton 50
HES 6 Selwyn 88 62



https://hesaotearoa.co.nz/
https://www.pv-magazine.com/2021/09/02/english-solar-developers-prep-for-new-zealand/
https://www.pv-magazine.com/2021/09/02/english-solar-developers-prep-for-new-zealand/

2.3.3 Electricity Authority NZNZ Total Solar Capacity Installed (MW
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https://www.emi.ea.govt.nz/Retail/Dashboards/5YPBXT?_si=db%7C5YPBXT,v%7C0

2.3.4 SolaBusinessesNZ

2.3.4.1 Lodkstone
Lodestone Energwas founded to help the national effort to decarbonidew Zealand's energy sector.

Lodestone energglaimstobd S RAy3a (KS RS@St2LIYSyid 2F b Shhs %S I
transformative project will see utiligsolar farms constructed in five locations across Northland, the
Coromandel and the Bay of Plenty. More than half a million solar panels will be placed over 500 hectares

of land.

Lodestone Energy has secured sites neag®alle, Kaitaia, Whakatane, Edgecumbe and Whitianga for
GKS &a2ftF N FIN¥Y¥a 6KAOK AU RSaONmRoSa Fa &l Yraaags
Combined, the farms will act as one giant power station, feeding electricity into local netwadks a
O2YLJ SYSyliAy3 bSé %SIflyRQa KeRNRBI 3IS2GKSNXIf | yR

Each solar farm will incorporate wofldading bifacial modules and single axis tracking technology. This
will see the panels rotate and track the sun as it travels across the skyidileetill be produced from
both sides of the panel, allowing the capture of energy from reflected sunlight from the ground.

The farms will deliver approximately 400 GWh of valuable daytime, renewable energy to the New Zealand
market, enough to power 5000 New Zealand homer a city the size of Hamiltoihefive solar energy

farms in the upper North Islandome in aat a cost of $300 million, which will together be capable of

LINE GARAY 3 F062dzi m LISNI OSyid 2F GKS O2dzyiNBQa St SO

In additionto producing electricity, the farms will continue to support agriculture and horticulture
production. The panels will be high enough, and spaced sufficiently, to allow farming and cropping to
continue underneath.

The first solar farm, Lodestone Twear Kaitaia, is expected to be operational in the summer of 2022,
with the construction of the four other farms completed by the end of 2023.

G 2RSaG2ySQa RS@OSt2LIYSylias ¢gKSYy O2YOAYSR 6AGK 20F
power prices dwn to levelslast seen in the early 2000 periddenewablesire lower cost than carben

based generation and, ifeaching 100% renewable electricity is achieved, consumers, embracing

St SOUNITA O (i Acdry Hokddnf Madaging Bikeytof, Sdd@sinergy.

2.3.4.2 Genesis Energy

Genesis Energyery NBOSy (if & |yy2dzyOSR o FSg Y2y likSaIQNBES NI
planning 500 megawatts of grstale solar built on existing transmission connections in the North Island,
including Huntly power statim

64


https://lodestoneenergy.co.nz/

The generator retailer is finalising a joint venture with international developers to build enough solar over
the next five years to generate up to 7500 gigawé@t2 dzZNE 2 F L2 6SNJ | &SI NP ¢KI
185,0000 electric vehicles a year and Genglsiss to eventually back this up with battery storage as well.

G{2tFNJ YI{1Sa aSyasS 2y | ydzyoSNI 2F fS@Sta FyR 6S ¢
utility-2 OF £ & &2 I NJ LINE 2GeRedisichidf gxechtiSesMare Briglant.y R < £

G2SQtt GFr1S FR@Iyi(Gdl3sS 2F 1Se fSIENyAy3aa FTNRY G(GKS N
equipment selection, cost efficiencies in the installation processiahdr y a YA a4 aA 2y 02y y SO(A

The company intends to be a developer and just a partner. England says its experience in consenting,
land access, and grid connectianthe latter two being especially big cost driversvill complement its
LINE A LISOGA GBS W+ LI NIYSNBQ SELISNIAaASOH

G2 SQf f LINBO I 0 fedinedtSoedeBlopdIK BY LINE G %S| f | yRDE

2.3.4.3 MeridianEnergy
MeridianclaimstohaveéK St LISR SadGl of AakK bSg wSItlyRQa fIFNRASA
solar across Kiwi Property shapg centres in Christchurch, Palmerston North, Auckland and Hanrgilton.

Meridian's Commercial solar solutions for businesses

1) Solar Power Purchase Agreement

Forbusinesses that want no upfront capital costs.

2A0K F aSNARAFY t2¢6SNJt dzNOKFasS ' ANBSYSyid ott! o 3ISia
Ayaadlrtt YR YFAYUGFrAYy | &2t FN aeadsSy F2N) é2das |, 2dzNJ 6
GKS a2t N aeaiSyo LyaiSIFIRY ¢gSQff aStft (GKS LIB2¢SNI ISy
of the PPA.

After that, you'll be the proud new owner of your solar array. A solar PPA is invoiced monthly like your
regular power bil, soiR2 S&ay Qi GAS dzLJ OF LA GEt @2dz O2dzx R dzaS ¥F2NJ

2) Solar Buy Now
For businesses that want to manage their own solar system.

With a Solar Buy Now package, we'll do the hard work up front. After that, you'll own and operate your solar
system.

We can get you underway with a detailed solar assessment to give you the information you need to decide
AT a2tFNJ A& NRIKG F2N) é2dzd LT AG Aaz ¢SQff KSELI
infrastructure and energy load.

. 2 dg&tfadcess to a competitive, -liclusive quote you can rely on.
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https://www.meridianenergy.co.nz/who-we-are/our-power-stations/solar
https://www.meridianenergy.co.nz/business/sustainability/commercial-solar

2.3.4.4 Far North Solar Farm

Far North Solar Farm L(ENSF) has propos@d00MW Total Future Investments over the nex& $ears

FNSF have several largealesolar projects planned in Northland, including a power station on the
outskirts of Kaitaia with 20ha of panels and an ever bigger solar farm with a 30ha panel area near
DargavilleThe Pukenui solar farm is expected to start supplying power by the ethe gkar.

The company behind the venture, Far North Solar Farms, is owned by a Meldmasee company and
Richard Homewood of Muriwai Beach.

Funding for theFNSHPukenui solar farm has closed. However, future investment opportunities are still
openfor investors.

2.3.4.5 SolarCitfNZ not USA)
Note: The NZ @arcity is a completely unrelated companyaadza $XBBSolarcitycompanyin the USA

Solarcityoffers Wolar aasa servic€Xor residentialcustomesS & a Sy G Al f & WLl & F2NJ
model They provide both panels and batterys and essential act##litg company whose generation

assetsare on your house rooHowever,it is known that Solarcitdoes somecommercial solaas they

got the solar ontract for theWarehouse

Solarcity Investors include ACC, K1W1, Pencarrow Private equity, and most recently NZGIF made a $10m
investment. The NZGIF investment in SolarCity isadoelerate the growth of solar and battery
deployment

1. SOLARZERO INSTALL

solarZero puts the o e ,
) Ne install the solarZero panels on your
p OW@ r | n yo u r h a n d S roof and smart battery for backup with

no upfront costs.

With solarZero vou have greater certainty over
- 2. SOLAR ENERGY
your power bills.
solarZero provides up to two-thirds of

With a fixed monthly solar services fee and no your energy needs, with excess solar

r sold back to the grid.
upfront costs, you get the benefits of solar gy soldbackto e gt

without having to purchase the system. 5. CRID POWER

Additional power is supplied from our

grid partners with a net price
protection cap on the energy vou
purchase.*

4. NO PRICE INCREASES

Your solarZero energy services fee will
never increase for 20 years.
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https://fnsf.co.nz/
https://www.solarcity.co.nz/

2.3.4.6 SolarBay
SolarBayis a$350mRenewable Energy Fund with a focus on Solar PV. Typical investment size range
between $500,00@ $30 million, with smaller per site capital deployment possible for nsifié rdlouts.

Solar Bay was founded in 2016 with the goal of providing renewable energy solutions to commercial and
industrial users. Solar Bay now owns and operates a diverse portfolio of Solar PV, Battery Storage and Off
Grid Renewable IPP.

Solar Bay can be dlught of as a utility company that installs its solar electricity generation assets on
businesses roofs (or on land next to a large energy uBen)eliver tlis offering, SolarBay operatea Solar
Power Purchase Agreement modeterebusinesesd? y Q Ganyluofzont capital cost towards the solar
system. InsteadSolarBaysells the power generated back tousinessest an agreed c/kWh rate for the
lifetime of the PPAtypically 1620 years)After the lifetime of the PPA, businesdasthen own thesolar
array.

About Solar Bay

1 Solar Bay is a Renewable Energy Investment Fund that invests in large scale solar projects.

1 Solar Bay is a $350Australiansolar fund witha significant portiorof that eligibleto be installed
in NZ

1 Solar Bay investors comprise of 3 Australian family offices

9 Solar Bay can be thought of as a utility company that installs its solar eleggoigyation assets
on businesses roofs (or on land next to a large energy)user

9 Allsolar systems are designed, installed, funded, operated, managed and mairigiS8ethr Bay.

Impact

1 Rooftop Solar / Distributed Solar Photovoltaics (PV) is an important part of the solution to climate
change.

9 From a Financial, Environmental and Climate Change perspédhgiresolution allows renewable
energy (low carbon energy / fossil free energy) to scale. They have createehanaiin model
for: Solar Bay, businesses, & the environment.

2.3.4.7 Sunergiséownedby Todd Coip
Sunergiserovides clean, reliablegosteffective solar power services for businesses, communities and
governmentsThey claimtobé& h OStF yAl Ua I NBSad LINKXBSNHE PR AEISKRI a8 ;

Sunergise was founded in 2012 as the first-Pagific solar power utility by a group of entrepreneurs and
veteran investors including ANZ Oceania CEO Bob Lyon.
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https://solarbay.com.au/
https://www.sunergisegroup.com/

oOur mission is to secure a brighter, more productive future for the peopgNewf Zealand and the Pacific
Islands by providing high quality, clean, affordable energy. Increasing solar in the energy mix helps to
reduce crippling fuel import bills and protect the natural environment that entices visitors from all over
the world. In patnership with our customers, Sunergise is rapidly accelerating the adoption and
installation of solar PV panels in the Pacific region. Our solar power creates energy independence and
protection from rising oil prices. As part of developing a businesssugtainability at its core, we aim to

make clean energy affordable to all.

{dzySNBAAS 06S3Fy 2LISN}IiAz2ya gAGK GKS AYyUiINRRdAzOGAZ2Y
Denarau in Fiji.

LY wanmn ¢KS 22NIR . Iyl Q&n(Fg)ioSkalstake in the/Hudines€. A y I y OS /[ 2

The Sunergise group is the leading solar power services company in the Pacific Island region, with a
growing portfolio of solar projects in Niue, Nauru, New Zealand, Fiji, Vanuatu, Marshall Islands, Papua
New Guineaad Solomon Islands.

In 2019 Todd Corporation via Todd Generation Limited took a majority stake in Sunergise New Zealand
Limited and Sunergise International Limited.

The investment will boost solar power generation in New Zealand and the Pacific Islands.

To date over 13 MW of clean power has been installed and over 20 gigaoaits of electricity produced
by Sunergise.

On 16 DecembeP020,Surergise became thérst in NZ to generate 18h of renewable solarrerqgy.

{ dzy’ S NH A & S gréduc{ atlayis blisiizésges to go solar without buying any panels.

{ dzy' t BBigApawer, not panels.

Using your available roof area or vacant landsite, we design, finance, install and maintain a custom solar system. If you are
grid-connected, we can cater for up to 100% of your daytime electricity requirements. If you-grel,08unergise can offer
complete solution with storage and backup to meet your power needs.

The Sun provides us with enough energy in an hour to power the Earth for a year. That power that could be going to reduce you
O2YLI yeQa Ozadad LT &2 dim&yjouwpstitko workfar Jourdbdklnedd. With\Binerfigizy t(RE dzaxi X2 ae Fidz
can keep your capital where it belongmvested in growing your businesw/hile lowering your operating costs for the life of the

agreement.

Invest in the savings

Sunergise assessgaur site to determine the optimum solar PV system for your needs. Once you are happy with our proposal, we

can install and maintain the system for zero money down. We offer an instant saving on your current power bill anddiaryour s
power rate forthd 2y ASNJ G SNX¥® 2 AGK {dzySNBHAAS {dzytfdzanuz &2dz LI & fSaa T2
as fossil fuel prices and grid electricity costs rise.
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https://www.sunergisegroup.com/news/2020/12/16/sunergise-first-in-nz-to-generate-1-gigawatt

2 A0K {dzytfdza e2dz aAYLX & LI & F2NJ (dKS adatlity b, dog micgeNdfoddablz Wizd S SIS N
service, monitor and maintain the system to ensure that it is working at maximum efficiency.

Here's how it works

1. We evaluate your building and power usage
We will look at your roof and your site to determine potential for solar, taking into account any aesthetic considerations.
2. You get solar power for no capital outlay
Sunergise pay for the design, installation, insurance, and regular maintenance of #ma.syst
3. You get cheaper electricity now and your savings increase over time
la GKS 02aiG 27F L} 6SNI Ay pbib tedgha & the&oigizhldoyedpfi@NBA A 4 S { dzyt f dza u
4. We guarantee the power output
Guaranteed, reliable power is better for business. Wisan help manage your consumption and advise on other ways
to save.

2.3.4.8 LightForce
Lightforceare suppliers& installersof Solar(& battery) systems for bottresidential and commercial
applications They have comnipted 6000+ residential installs.

Lightforcehave partnered with financial institutions and cassst in the financing of commerciablar pv
systemd Y R Of | ehdavouKiGrdakedtthe shift caslow positive over the lifetime of the system

Also ontheir website it indicates they are looking for landownets partner with on a solar farm
development (1 acre minimum):

If you have land and are interested in passive income exceeding 10% vyield, Contact us to explore opportunities to paBokar ¢iarm

developmentWith 25 years of guaranteed system performance, ulitgle Solar is a long term and environmentally friendly investment that

really stacks upwith feasible blocks as small as 1 acre, you can help ensure the future of NewRZealan Sy SNB& 3ISySNI A2y d [/ 2y
via the below link to have a representative call to discuss options.

2.3.4.9 TeslaSolar SolaRoof Tile& Battery Packs
Teslaoffers both ®lar andbattery products. Teir solar roof tile products not at the stage of mass
production/adoption

2.3.4.10 Community Solar Models & P28&lar

TheRaglan Local Energyoject is about working with partnei®ur Energynd the Raglan community to
embrace new technology which will more efficiently utilise solar power with the ultimate benefit of
decarbonising the supply of electricity.

Currently less than 1% of buildishave solar and for solar to be a commercially viable investment
alternative economic models are required.
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https://lightforce.co.nz/
https://www.tesla.com/en_nz/energy
https://raglanlocalenergy.co.nz/
https://www.ourenergy.co.nz/

RLE integrates a real time peerpeer (P2P) matching system built ®ur Energysing the
OurPowerretail platform to create a power retailer that focuses on changing customer behaviour to
better utilise renewable energy.

The outcome will be a more cost effective system for generators which we hope will egeofurther
distributed solar installations. The RLE project is in the early stages but we have an ambitious goal

ofYF 1 AYy3 wl3tly bSé %SItlFyRQa FANARG WI SNRB OFNbB2Yy S

2.3.4.11 Infratec
Infratecprovides an experienced team of renewable development and implementation speci@liststs
includeTranspower, Wel Networks, Watercare, Countdown, & Kainga Ora.

2.3.4.12 Kea Energy

Family run company based iaf@erbury, New Zealand who generate their onvironmentally friendl2
electricity. They own, operate, maintain and manage hyirbines and solar generating plantacluding
the 2MW Marlborough solar farm.

KeaEnergyoffers PPA's to selected sitethese agreements cost the customer nothangd the customer
allows Kea Energy to install PV panels, inverters and other assoe@igament on some land or a roof.
Kea Energy pays for the equipment anstallationcosts. The customer agrees to buy the power from the
solar panels at a discounted rate from the Retailers.

Kea Energglso offercomplete turnkey system§ K G OF y  LJIzZNOKF aAy3 @Af YSI

you buy a solar park from us we can also offer a competitive buy back rate for yourépower

2.3.4.13 SOLAGRI
Solagrisolarsystems generate low cost solar electricity as a service onfgour No capital investment
is required.dOffering farmers capitdiree solar as a service.

Solagri achieves competitive dairy farm energy prices by aggregating the purchase and instzlisoiar
for many farms at once, and negotiating on behalf of its customers to drive down the cost of the electricity
they get from the grid.

How it works:

1 We install a solar array at our cost on approx. 0.25 ha leased from your business

1 Your property rmains grid connected

f {2t F3ANR adzllLX ASa wmnmE: 2F &2dz2NJ RFANE akKSRQa
under a longerm Power Purchase Agreement (PPA)
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https://www.ourenergy.co.nz/
https://www.ourpower.co.nz/
https://www.infratec.co.nz/
https://www.keaenergy.nz/
https://www.keaenergy.nz/ppa-power-purchase-agreements
https://www.keaenergy.nz/large-scale-solar
https://www.solagri.energy/

1 Your solar generated power price is locked in and pegged to inflation

1 Solagriwill use the purchasing power of our growing customers base to push down the cost of
your power from the grid

1 Your exposure to high energy prices caused by dry lakes and other market shocks is reduced

9 Your business has improved cash flows and increasséemental sustainability

T 2SQff FRR | oFdGSNR G2 (GKS aeadsSy 2y0S 4SS KI ¢
efficiency of the solar and save you more money.

I We maintain the system at our cost

. 2dzNJ aKSR 3SdGa | 5/ Tl aéadQidetBE/NI G y2 0230 6K

G¢KS Y2y GKfe SySNHe o6Aff F2NI Ye AKSR A& R26Y | NER dz
2y (KS LRdddSShlket, Ddiry Farmer, Rangiora

Agrisolar are now in the process of crowdfundifgu carfollow their progress orPledge Meand view
their Information Memorandum

2.3.4.14 Energy Democragg co-op model)

Energy Democracgpproached Purpose Capital for investment in 20BBeyestablish locally owned
renewable energy coperatives and build, operate and maintain renewable energy parks for topso
Energy Democracglaims toexist to democratise the transition to a lowarbon economy, helping
individuals to save power, save money, and save the planet.

2.3.4.15 Harrisons Energy Solutions
Harrison Energy Solutiomse sippliersof Solar residential and commercial systems

2.3.4.16 Reid Technology
Reid Technologgpecialises in the design, supply and installatiofaojescalesolar power systems
throughout NZ and the Pacific.

2.3.4.17 iGenerde
iGenerateis Solar supplier, part of the Lightforce family.

2.3.4.18 NZ Solar Professional Directory
A completdist of SEANZ members who install solar, battery and energy management system technology
work to a stict SEANZ Code of Conduct can be found Hetes://www.seanz.org.nz/directory
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https://d2qdd004.na1.hubspotlinksstarter.com/Btc/UB+113/d2qDD004/VVrNdP1bJRdsN7NkgYYBB0BJW7swsJQ4wmb45KqQZ3lScmV1-WJV7CgGbYW8YQmXg28xvyNN1JWv6dxNJ1JV5yVP-7JttNDW8c4sN88DvR7KW3cJfwk63PJBzW5W9KD_5xxjZjW1g3fmj6lr9DRW4qzpYY5HXM4-W35-yhq4glWV3W20hr0P6gx5tmW2KXwCd4sy33-W3jXWL63T9694W4tLBR621g1jgV1gB_v1pF62sVBVG_B4XQrbVVgRg1h59Z8SzW5y-Z_l5ZhTMQW6cVQFM7D-0-XW5DpRxr96R8Z4N3Yt6vNy0MwcW8tWNZx7DmtRRN26QQ_x4hSj0W4Y9_-S4WlXbBW3K-VcH2v1RKmW8pLnms4XM8tRW955hYv4LXQ2W3cd61
https://pledgeme-nz-production-assets.s3.ap-southeast-2.amazonaws.com/investment/documents/documents/000/000/421/original/Solagri-Investor-Memorandum_final.pdf?X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=ASIA52AWE7ZYW4TZ4XFK%2F20210817%2Fap-southeast-2%2Fs3%2Faws4_request&X-Amz-Date=20210817T234403Z&X-Amz-Expires=120&X-Amz-SignedHeaders=host&X-Amz-Security-Token=IQoJb3JpZ2luX2VjEFcaDmFwLXNvdXRoZWFzdC0yIkcwRQIgA0nmzVNe4Eqbu7QuTNwyoo6SbamDSvyVA9cKL3U8XeoCIQD9uONpJ2B7sCfmDeU41%2FfNJ888OYzauQMw53aKwOOYZyqNBAiA%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F8BEAMaDDk0OTIzNDIzNzA0MSIMzF0AvvEj9MYL%2B6DAKuEDI3ykWGP0KsPBIjDoqRvGG8Qepg9OkovqM58XqKQrVthoy405KLGQXE84Qje4mpxSCgrcsB65IgsqLIpWr0GWtA8dH34C6UmMKw%2Ffvc%2BmOTqUzmRS0%2BIilr3Bnf5wmb5LYmfk4gY%2F4JjIfHjGBeGxSr9PSFPBSKolD8o5OyZwKfi1S0uEQPacTNg9ArLatRN%2F8AD9deh0Wok0Cz5yZvAEk3wq4F%2F%2FMVUyQK4r1pJr%2Fa3ynYgfFyPfJcQj5AJqs0RH8%2Fp3hhVe8tb3c72xVHv92jSEfzK69iUhtBbk2saTFHazOSaGqPY4%2BNlqC6kZ3vu%2Bt8toBSQnRcPiqqCooxHRF2YeUwB6dsbxGmKky967XSL%2Fhu6gLWUwr5qpj8Y3rx%2Fui3w%2BgydbqhMcBYkG%2FJcA8IZ3iFOxRLne1i6hXqvXitcWmTZ2Gl1exabKHR1A99Ad7CbUk57VIs%2FCKTNfb0dBIuk6qbviLEtWnrJkeYqRuwyW101BNIeeMB9%2F8flVKm93%2FwFRKz4BQlCBTe9t%2FBdw7mDQ3SKBLpOh0i79lvWuJRDv7J1AyPr0Gce68hwEcnNZu7NeLAZiHeMiTYef7mMphc7aKe3gbE3OeDjy36u0HI0wjNHc4wTuE6VL0aIx87uwuTDeh%2FGIBjqlAXfq8WAQbsnwYimNGweowg11lVzUFBNjX3CN0Wh81fSSTNtHn5Do%2Fs9EWQDl%2BTz3zUXJ5H3zbTaUYljHny4fQWorxTaXkG%2B7x98GqQMm5qxU9421xr5SFfwzIO4oLgJg8JvPw8XkrdbEs5FopYMaJvwp612fK3DMQuH%2BaBA5FT%2BJgpoDj9GVH6xOwKxn59%2Baggvdc2rsM2oJDs6XFSBd6xw%2FSeziqw%3D%3D&X-Amz-Signature=911ef927577449c6802c51ef287d95a0d029401c09b8c43cd7fb62ba9b5f25a1
https://ed-co-op.com/
https://www.harrisonsenergy.co.nz/
https://solar.reidtechnology.co.nz/
https://igeneratesolar.co.nz/
https://www.seanz.org.nz/directory

3.0Key Risk#Assessment Mitigation

Acomprehensive risk framework for renewable investments from the WEF

https://impacttoolkit.thegiin.org/renewableinfrastructureinvestmenthandbooka-quide-for-
institutionakinvestors/
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