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1.0 Impact  
 

 Distributed generation ς ICCC & Project Drawdown 

Distributed generation 

According to b½Ωǎ LƴǘŜǊƛƳ /ƭƛƳŀǘŜ /ƘŀƴƎŜ /ƻƳƳƛǘǘŜŜ Report: Accelerated Electrification - Evidence, 

analysis and recommendations - April 2019: 

About 95% of distributed generation is from renewable sources such as wind, geothermal and hydro, and 

ΨōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊΩ ƎŜƴŜǊŀǘƛƻƴ ǎǳŎƘ ŀǎ ǊƻƻŦǘƻǇ ǎƻƭŀǊΦ ¢ƘŜǎŜ ŦƻǊƳǎ ƻŦ ŘŜŎŜƴǘǊŀƭƛǎŜŘ ƎŜƴŜǊŀǘƛƻƴ Ǉƭŀȅ ŀ ǊƻƭŜ 

in reducing the amount of electricity that would otherwise have to be transmitted by the grid. This is 

particularly valuable 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 reasons, rooftop solar ƛǎ ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴǘŜǊŜǎǘƛƴƎ ƳƻŘŜƭ ƎƛǾŜƴ ǘƘŀǘ ƛǘΩǎ ǇŀǊǘ ƻŦ ŀ distributed 

generation model which is identified & ranked by Project Drawdown as number 10 out of the 80 solutions 

to climate change (Drawdown ranks solutions by Total Atmospheric CO2e Reduction [GT]). 

 

Summary below from: Project Drawdown: Distributed Solar Photovoltaics 

Rooftop solar panels are one example of distributed solar photovoltaic systems. Whether grid-connected 

or part of standalone systems, they offer hyper-local, clean electricity generation. 

 

SOLUTION SUMMARY 

Nineteenth-century solar panels were made of selenium. Today, photovoltaic (PV) panels use thin wafers 

of silicon crystal. As photons 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
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Small-scale solar systems, typically sited on rooftops, accounted 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. 

Rooftop solar is spreading as the cost of panels falls, driven by incentives to accelerate growth, economies 

of scale in manufacturing, and advances in PV technology. Innovative end-user financing, such as third-

party ownership arrangements, have helped mainstream its use. Yet, costs associated with acquisition and 

installation can be half the cost of a rooftop system and have not seen the same dip. 

In grid-connected areas, rooftop panels can put electricity production in the hands of households. In rural 

parts of low-income countries, they can leapfrog the need for large-scale, centralized power grids, and 

accelerate access to affordable, clean electricityτbecoming a powerful tool for eliminating poverty. 

 

IMPACT:  

Our analysis assumes that distributed solar photovoltaics can grow from 180 terawatt-hours of current 

electricity generation globally to a wide range of 6235ς10100 terawatt-hours by 2050. This uncertainty of 

generation potential is linked to the different expectations of energy technologies on different future 

climate mitigation pathways intertwined with the role of electricity on the energy systems. That growth 

can avoid 27ς69 gigatons of greenhouse gases emissions. With implementation costs reducing by the day, 

over the lifetime of distributed photovoltaic technologies, it could save US$7.9ς13.5 trillion in associated 

operation, maintenance, and fuel costs. 

 

 Utility-Scale Solar Photovoltaics ς Project Drawdown 

Utility-Scale Solar Photovoltaics 

Utility-Scale Solar Photovoltaics is ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴǘŜǊŜǎǘƛƴƎ ƳƻŘŜƭ ƎƛǾŜƴ ǘƘŀǘ ƛǘΩǎ ƛŘŜƴǘƛŦƛŜŘ ϧ ranked by 

Project Drawdown as number 8 out of the 80 solutions to climate change (Drawdown ranks solutions by 

Total Atmospheric CO2e Reduction [GT]). 

 

Summary below from: Project Drawdown: Utility-Scale Solar Photovoltaics 

Solar photovoltaics can be used at utility-scaleτwith hundreds or thousands of panelsτǘƻ ǘŀǇ ǘƘŜ ǎǳƴΩǎ 

clean, free fuel and replace fossil-fuel 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
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SOLUTION SUMMARY 

The sun provides a virtually unlimited, clean, and free fuel at a price that never changes. Solar farms take 

advantage of that resource, with large-scale 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 amount of 

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 earth. InǎƛŘŜ ŀ ǇŀƴŜƭΩǎ ƘŜǊƳŜǘƛŎŀƭƭȅ ǎŜŀƭŜŘ 

environment, photons energize electrons and create electrical currentτfrom light to voltage, precisely as 

the name suggests. 

Bell Labs debuted silicon PV technology in 1954. At that time, photovoltaics cost more than US$1,900 per 

ǿŀǘǘ ƛƴ ǘƻŘŀȅΩǎ ŎǳǊǊŜƴŎȅΦ {ƛƴŎŜ ǘƘŜƴΣ ǇǳōƭƛŎ ƛƴǾŜǎǘƳŜƴǘΣ ǘŀȄ ƛƴŎŜƴǘƛǾŜǎΣ ǘŜŎƘƴƻƭƻƎȅ ŜǾƻƭǳǘƛƻƴΣ ŀƴŘ ōǊǳǘŜ 

manufacturing force have chipped away at the cost of creating PV, bringing it down to sixty-five cents per 

watt today. 

In many parts of the world, 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 from utility-scale solar PV. 

Our scenarios project that by 2050, this solution could represent 20ς25 percent of the electricity generation 

mix, with generation levels of 9353ς17740 TWh. We assume an implementation cost of $1733 per kilowatt 

and a learning rate of 21 percent. This results in cumulative first costs of US$3.4-5 trillion, but with a huge 

amount of lifetime operational savings of $13ς26 trillionτone of the financial benefits of producing 

electricity without fuel. The significant increase of the solution use could avoid 44ς119 gigatons of 

greenhouse gases emissions, depending on the climate mitigation ambition and electrification of demand-

side sectors. 
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 Agrivoltaics 

 Benefits of Agrivoltaics Across the Food-Energy-Water Nexus - NREL 

The National Renewable Energy Laboratory (NREL) researchers express their thoughts on the benefits of 

agrivoltaics below. 

 

Benefits of Agrivoltaics Across the Food-Energy-Water Nexus - NREL 

Food and energy security need not be competing objectives. In fact, taking a holistic, integrated approach 

to food-energy-water decision making can increase resiliency of both food and energy systems. 

In a recent article for Nature SustainabilityΣ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ 

[ŀōƻǊŀǘƻǊȅΩǎ όbw9[ύ [ŜŀŘ 9ƴŜǊƎȅ-Water-Land Analyst Jordan Macknick and co-authors from the 

universities of Arizona and Maryland investigated the potential benefits of co-located agriculture and solar 

ǇƘƻǘƻǾƻƭǘŀƛŎ όt±ύ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ όŘǳōōŜŘ άŀƎǊƛǾƻƭǘŀƛŎǎέύ ƻƴ ŦƻƻŘ ǇǊƻŘǳŎǘƛƻƴΣ ƛǊǊƛƎŀǘƛƻƴ ǿŀǘŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎΣ 

and energy production. 

Building Resilient Systems 

Across the globe, reductions in precipitation and rising air temperatures are increasing vulnerabilities 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 energy generation. As such, the resilience of the global energy system is of 

growing importance. Drought-proof technologies such as wind and solar photovoltaics can satisfy both 

resilience and sustainability concerns. 

However, studies of ground-mounted PV installations with gravel groundcover have found increased 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǎǳǊǊƻǳƴŘƛƴƎ ǎƻƭŀǊ ŀǊǊŀȅǎΣ ŎǊŜŀǘƛƴƎ ŀ άƘŜŀǘ ƛǎƭŀƴŘέ ŜŦŦŜŎǘΦ ¢Ƙƛǎ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ǇǊƻōƭŜƳŀǘƛŎ ŘǳŜ 

to PV panel sensitivities to temperature increases and resulting consequences for performance. 

The business-as-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 low-impact urban desigƴΣ ǊŜǎŜŀǊŎƘŜǊǎ ƭƻƻƪŜŘ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άƴƻǾŜƭ 

ŜŎƻǎȅǎǘŜƳǎΣέ ŀƴŘ Ƙƻǿ ǘƘŜȅ ƳƛƎƘǘ ōŜƴŜŦƛǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀƴŘ ŦƻƻŘ ǇǊƻŘǳŎǘƛƻƴ ǎȅǎǘŜƳǎ ƛƴ ŘǊȅƭŀƴŘ 

ecosystems. Researchers considered the possibility of co-located 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, jalapeño, and cherry 

tomato), representative of three different dryland environments, beneath PV panels. 

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
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During the three-month 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 control and agrivoltaic systems received the same irrigation in two 

testing scenarios: daily irrigation and irrigation every two days. 

Implications for the Food-Energy-Water Nexus 

While impacts varied by plant type, the researchers found that the agrivoltaic systems held 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 allowed the plants under the solar arrays to retain more moisture than the 

control crops that grew in open-sky planting areas. 

Results from in the study include: 

Food production  

¶ Total chiltepin fruit production was three times greater in the agrivoltaic system compared to the 

control 

¶ Water-use efficiency for the jalapeño was 157% greater in the agrivoltaic system 

¶ For the cherry tomato, water-use efficiency was 65% greater and total fruit production doubled in 

the agrivoltaic system 

Water savings 

¶ When irrigating every two days, soil moisture remained approximately 15% greater in the 

agrivoltaic system 

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

watering 

Improved renewable energy production 

¶ Traditional ground-mounted PV panels were substantially warmer during the day than those with 

the plant-based understory 

¶ The agrivoltaic PV panels were cooler during daytime hours compared to the traditional panel 

array by approximately 9°C, allowing for better performance. 

The co-location of PV and agriculture could offer win-win 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 resilient food-production and energy-generation systems.   

As Macknick ƴƻǘŜǎΣ ά¢ƘŜ ǇǊƻƳƛǎƛƴƎ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ǿƻǊƪ ƘŀǾŜ ōǊƻŀŘ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ Ƙƻǿ ǎƻƭŀǊ ŘŜǾŜƭƻǇƳŜƴǘ 

ŀƴŘ ŦŀǊƳƛƴƎ ŀŎǊƻǎǎ ǘƘŜ ƎƭƻōŜ ŎƻǳƭŘ ōŜ ƛƴǘŜƎǊŀǘŜŘ ǘƻ ǇǊƻǾƛŘŜ Ƴǳǘǳŀƭ ōŜƴŜŦƛǘǎΦέ 
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 Agrophotovoltaic IRENA ς Future of Solar 

International Renewable Energy Agency (IRENA) researchers express their thoughts on agrivoltaics below. 

AGROPHOTOVOLTAIC - IRENA Future of Solar Report 

Agrophotovoltaic (APV) combines solar PV and agriculture on the same land and consists of growing crops 

beneath ground-mounted solar panels. Although the concept was proposed long ago, it has received little 

attention until recently, when several researchers have confirmed the benefits of growing 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 a win-win situation for both crops and the solar panels. Many 

types of food crops, such as tomatoes, grow better in the shade of solar 4 

http://solarheateurope.eu/2018/04/30/increasingly-popular-heat-and-power-from-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, 

{ΦΣ нлмфύΦ ¢ƘŜ ǇǊƻƧŜŎǘ ά!ƎǊƻǇƘƻǘƻǾƻƭǘŀƛŎǎ ς Resource-Efficient Land Use (APV-w9{h[!ύέ Ƙŀǎ ǘŜǎǘŜŘ ǘƘŜ !t± 

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 of a 194 kW solar 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 the panels 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 field, the soil 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 exceptionally hot and dry conditions of 2018), especially in developing countries; it also calls for the 

ŜȄǇƭƻǊŀǘƛƻƴ ƻŦ !t±Ωǎ ŀǇǇƭƛŎŀōƛƭƛǘȅ ǳƴŘŜǊ ƻǘƘŜǊ ŎƭƛƳŀǘŜ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǿƛǘƘ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ŎǊƻǇǎ ό¢ǎŀƴƻǾŀΣ 

T., 2019). 

 

 Nature.com - Agrivoltaics provide mutual benefits across the foodςenergyς

water nexus in drylands 

Abstract from research paper off Nature.com: Agrivoltaics provide mutual benefits across the foodς

energyςwater nexus in drylands 

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 hybrid of colocated agriculture and solar photovoltaic (PV) 

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
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infrastructure. We take an integrative approachτmonitoring microclimatic conditions, PV panel 

temperature, soil moisture and irrigation water use, plant ecophysiological function and plant biomass 

prodǳŎǘƛƻƴ ǿƛǘƘƛƴ ǘƘƛǎ ΨŀƎǊƛǾƻƭǘŀƛŎǎΩ ŜŎƻǎȅǎǘŜƳ ŀƴŘ ƛƴ ǘǊŀŘƛǘƛƻƴŀƭ t± ƛƴǎǘŀƭƭŀǘƛƻƴǎ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜǘǘƛƴƎǎ 

to quantify trade-offs. We find that shading by the PV panels provides multiple additive and synergistic 

benefits, including reduced plant drought stress, 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 environmental stress involving 

heat and drought. 

 

 Fitch Solutions Country Risk & Industry Research - Agrivoltaics 

Agrivoltaic Systems Gaining Momentum Globally 

Key View: 

¶ We expect agrivoltaic systems will gain traction globally over the coming years, with total installed 

capacity set to exceed 10GW+ by 2030. 

¶ This will be driven by the several benefits of the co-location of solar power projects and agriculture. 

These include the creation of dual-revenue 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. 

 

 

 Fraunhofer ISE ς Agrivoltaics 

Below excerpt from Fraunhofer Institute for Solar Energy Systems (ISE) ς Agrivoltaics 

Agrivoltaics denotes approaches to use agricultural areas simultaneously to produce food and to generate 

PV electricity. In this way, Agrivoltaics increases land-use efficiency and enables PV capacity to be 

expanded while still retaining fertile arable areas for agriculture. 

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


12 
 

Agrivoltaics technology has developed very dynamically in recent years and 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 2017), the USA (since 2018) and most recently Korea. 

Quick-Facts: Agrivoltaics 

¶ Global installed power of  app. 2.9 GW 

¶ Technical potential in Germany of app. 1700 GWp 

¶ Advantages: 

o enormous land area potential 

o less expensive than small rooftop PV systems 

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

drought 

¶ Challenges: 

o dual land usage not foreseen in legal framework 

o no rights to EU agricultural subvention for farmers 

o no feed-in tariff according to the German renewable energy law 

 

 

Image: The Agrivoltaic plant near Lake Constance in Heggelbach, Germany. Double usage of agricultural 

areas allows photovoltaics to be installed over fertile areas without eliminating these resources. 
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 Agrivoltaics Report ς MDPI Italian National Agency for New Technologies, 

Energy and Sustainable Economic Development, ENEA 

The Italian government has committed ϵмΦмōƴ ǘƻ ŀƎǊƛǾƻƭǘŀƛŎǎ and expects to deploy 2 GW of agrivoltaics.  

Below is the abstract along with several illustrations of Agrivoltaics from the report, Agrivoltaic Systems 

Design and Assessment: A Critical Review, and a Descriptive Model towards a Sustainable Landscape 

Vision (Three-Dimensional Agrivoltaic Patterns), commissioned by the Italian 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 

transition strategy of many countriesτwhich entails land use issues, as well as concerns regarding 

landscape transformation, biodiversity, ecosystems and human well-beingτnew approaches and market 

segments have emerged that consider integrated perspectives. Among these, agrivoltaics is emerging as 

very promising for allowing benefits in the foodςenergy (and water) nexus. Demonstrative projects are 

developing worldwide, and experience with varied design solutions suitable for the scale up to commercial 

scale is being 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 design choices, 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 trans-disciplinary perspective 

 

 

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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 Fraunhofer ISE - Agrivoltaics Guidelines for Germany ς October 2020 

Fraunhofer ISE - Agrivoltaics Guidelines for Germany ς October 2020 

Figure 30: Estimated average levelized cost of electricity (LCOE) for ground mounted photovoltaic 

systems and agrivoltaics, representation by Fraunhofer ISE, data from [3, 4, 23, 24] 

 

 

 Resources and Articles on Agrivoltaics  

¶ First agrivoltaic research facility for carbon-neutral orcharding in Germany ς Inceptive Mind 

¶ Solar PV Magazine ς AgriVoltaics Articles 

¶ Agrivoltaics for strip farming ς Solar PV Magazine 

Agrivoltaics for strip farming 

Vattenfall is leading a Dutch consortium in a research project to assess whether agrivoltaics is also 

ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǎǘǊƛǇ ŎǊƻǇǇƛƴƎΦ ¢ƘŜ ŎƻƳǇŀƴȅΩǎ ƘŜŀŘ ƻŦ {ƻƭŀǊ 5ŜǾŜƭƻǇƳŜƴǘ b[Σ !ƴƴŜƳŀǊƛŜ 

Schouten, spoke with pv magazine about the first 0.7 MW pilot project under development in the 

northern Dutch province of Flevoland. 

 

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/
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¶ Agrivoltaics to protect crops from heavy rainfall ς Solar PV Magazine 

Agrivoltaics to protect crops from heavy rainfall 

BayWa r.e. and the Fraunhofer Institute 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, light-permeable PV modules that block 

rain, and tracking PV module tech that blocks rain only if necessary. 

 
 

¶ Agrivoltaics for viticulture ς Solar PV Magazine 

Agrivoltaics for viticulture 

CǊŜƴŎƘ ǎǇŜŎƛŀƭƛǎǘ {ǳƴΩ!ƎǊƛ ƛnstalled a pilot facility on five hectares 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 mid-September. 

 

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/
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¶ Transparent solar panels for agrivoltaics ς Solar PV Magazine 

Transparent solar panels for agrivoltaics 

Romande Energie ŀƴŘ {ǿƛǎǎ ǊŜǎŜŀǊŎƘ ƛƴǎǘƛǘǳǘŜ !ƎǊƻǎŎƻǇŜ ŀǊŜ ǘŜǎǘƛƴƎ ǎǘŀǊǘǳǇ LƴǎƻƭƛƎƘǘΩǎ 

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 association ς Solar PV Magazine 

French PV companies set up agrivoltaics association 

{ǳƴΩ!ƎǊƛΣ w9a ¢ŜŎΣ Yƛƭƻǿŀǘǘǎƻƭ ŀƴŘ !ƭǘŜǊƎƛŜ Développement et Râcines have announced the 

ŎǊŜŀǘƛƻƴ ƻŦ CǊŀƴŎŜ !ƎǊƛǾƻƭǘŀƛǎƳŜΣ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŀǎǎƻŎƛŀǘƛƻƴ ŦƻǊ ǘƘŜ ǇǊƻƳƻǘƛƻƴ ƻŦ ŀƎǊƛǾƻƭǘŀƛŎǎΦ 

 
 

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/
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¶ Lǘŀƭȅ ŘŜǾƻǘŜǎ ϵмΦмōƴ ǘƻ ŀƎǊƛǾƻƭǘŀƛŎǎΣ ϵнōƴ ǘƻ ŜƴŜǊƎȅ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ǎǘƻǊŀƎŜ ς Solar PV Magazine 

Lǘŀƭȅ ŘŜǾƻǘŜǎ ϵмΦмōƴ ǘƻ ŀƎǊƛǾƻƭǘŀƛŎǎΣ ϵнōƴ ǘƻ ŜƴŜǊƎȅ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ǎǘƻǊŀƎŜ 

The funds will be part of the EU Covid-19 recovery package. Overall, the Italian government 

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

¶ Agrivoltaics have an average [/h9 ƻŦ ϵлΦлфо ǇŜǊ ƪ²Ƙ ƛƴ DŜǊƳŀƴȅ 

!ƎǊƛǾƻƭǘŀƛŎǎ ƘŀǾŜ ŀƴ ŀǾŜǊŀƎŜ [/h9 ƻŦ ϵлΦлфо ǇŜǊ ƪ²Ƙ ƛƴ DŜǊƳŀƴȅ 

!ŎŎƻǊŘƛƴƎ ǘƻ ƴŜǿ ƎǳƛŘŜƭƛƴŜǎ ōȅ DŜǊƳŀƴȅΩǎ CǊŀǳƴƘƻŦŜǊ L{9Σ ŀƎǊƛǾƻƭǘŀƛŎ projects are already 

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 solution. 

 
 

¶ Fraunhofer ISE ς Agrivoltaics 

¶ AgriInvestor.com ς Fitch: More than 10GW of agrivoltiac capacity to be added by 2030 

¶ YouTube Video: Just Have a Think - Agrivoltaics. An economic lifeline for American farmers? 

¶ YouTube Video: Undecided with Matt Ferrell - Solar Panels Plus Farming? Agrivoltaics Explained 

¶ The Fifth Estate - Agrivoltaics: growing opportunities for Aussie farmers 

¶ Fraunhofer ISE - APV Guidelines for Germany ς October 2020 

 

 

 

 

 

 

 

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
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 PC Summary of Agrivoltaics  

¶ Recognising that heading into the future we need to better utilise land, agrivoltaics provides a 

platform for the dual use of land. 

¶ Benefits of Agrivoltaics could/may include:  

o land use efficiency, 

o higher crop yields (particularly in arid regions), 

o improve solar pv generation (cooler panels due to crops), 

o relevant to: dairy, grazing, apples, berries, grapes, other crops, etc, 

o protection from rain, hail, frost, etc, 

o water savings,  

o increase in per hectare returns for farmers &/or generators 

¶ Lodestone appears to be the only utility scale solar farm in NZ going down the Agrivoltaics route 

making them the pioneers in this space in NZ. 

¶ It is likely that Lodestone will build their solar arrays and that horticulturists &/or agriculturists 

will have an opportunity to lease the land off Lodestone and adapt their farming methods to best 

utilise/leverage [ƻŘŜǎǘƻƴŜΩǎ solar infrastructure. Acknowledging that solar pv is going to play an 

ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ b½Ωǎ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ǇǊƻŦƛƭŜΣ ¢his presents an opportunity for 

NZ farmers/growers to innovate using agrivoltaics to improve farming/growing practises &/or 

improve per hectare returns.  
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 Life Cycle Assessment of Solar 

 Carbon Footprint of Solar in NZ ς Ecotricity domestic solar (via 

Solarcity/SolarZero products) 

Ecotricity is a NZ electricity retailer that offers a carbon neutral certified electricity. For the year 

(01/04/2019 - 31/03/2020) their solar emissions were 0.0503 kgCO2e per kWh for domestic solar product 

based on a weighted average of generation for each facility/type. 

 

How does this compare to their other forms of renewable generation? 

9ŎƻǘǊƛŎƛǘȅΩǎ ǇǊƻŘǳŎǘ ŜƳƛǎǎƛƻƴǎ ŦƻǊ ǘƘŜ ȅŜŀǊ όлмκлпκнлмф - 31/03/2020) were 0.0066 kgCO2e per kWh for 

hydro όŀǾŜǊŀƎŜ ŀŎǊƻǎǎ ŀƭƭ ƎŜƴŜǊŀǘƛƻƴ ŀǘ tƛƻƴŜŜǊ DŜƴŜǊŀǘƛƻƴΩǎ aƻƴƻǿŀƛΣ wƻŀǊƛƴƎ aŜƎ ŀƴŘ ¢ŜǾƛƻǘ ƘȅŘǊƻ 

generation facilities) and emissions were 0.0071 kgCO2e per kWh for wind (average across Pioneer 

DŜƴŜǊŀǘƛƻƴΩǎ Cƭŀǘ Iƛƭƭ ŀƴŘ aǘ {ǘǳŀǊǘ ǿƛƴŘ ŦŀǊƳǎΦ 

 

Figure: NZ Thermal Generation Emissions vs Ecotricity Construction Emissions 

 

 

 

 

 

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
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 Carbon Footprint of Solar in NZ ς 9Ƴƛǎǎƛƻƴǎ !ŎŎƻǳƴǘƛƴƎ ŦƻǊ ¢Ǌǳǎǘ IƻǊƛȊƻƴΩǎ 

Proposed Rooftop PV Installation ς Trust Horizon / EPECentre Report 

Below features an excerpt from the Executive Summary of the Electric Power Engineering CentreΩǎ 

(EPECentre of the University of Canterbury) wŜǇƻǊǘ ǘƛǘƭŜŘΥ ά9Ƴƛǎǎƛƻƴǎ !ŎŎƻǳƴǘƛƴƎ ŦƻǊ ¢Ǌǳǎǘ IƻǊƛȊƻƴΩǎ 

Proposed Rooftop PV Installationέ 

This report focuses on the benefits of installing a residential-scale or small commercial rooftop 

photovoltaic (PV) system both financially and in terms of the amount of carbon emissions offset.  

The embedded emissions for rooftop PV systems installed in New Zealand were assessed using published 

ŘŀǘŀōŀǎŜ ƛƴǾŜƴǘƻǊƛŜǎ ŀƴŘ ŀŘƧǳǎǘŜŘ ŦƻǊ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭƻŎŀǘƛƻƴ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƳƛȄΦ PV systems using multi-

silicon panels were found to have emissions in the order of 48 gCO2-Ŝκƪ²Ƙ ƻǾŜǊ ǘƘŜ ǎȅǎǘŜƳΩǎ ƭƛŦŜǘƛƳŜ. 

This is approximately a third smaller embedded emissions compared to mono-silicon panels (71 gCO2-

e/kWh) for the 3 kWp reference system. Lower embedded emissions for multi-silicon panels are due to 

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

decrease in embedded emissions per kW peak is expected. In the future, PV embedded emissions are 

expected to decrease as cleaner energy is used in their manufacture. Additionally new technology is on 

the horizon with lower energy requirements such as perovskite-based solar cells that could provide a 

further pathway to PV sources with lower embedded emissions.  

t±Ωǎ ŀōƛƭƛǘȅ ǘo offset carbon 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 to be despatched. Natural gas power plants 

meet this criteria and are a non-renewable generation source that is anticipated to be required to balance 

the electricity mix for decades to come. Lifecycle PV emissions are an order of magnitude lower than the 

operational emissions of natural gas ~ 427 gCO2-e/kWh. PV installations were able to offset their 

embedded emissions in three to four years and had the potential to offset 13-14 tonnes of CO2-e/kWp 

over their thirty-year lifetime.  

Financially the small commercial 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 

ǊŀǘŜ ƻŦ р҈Φ ¢ƘŜ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴ ǇǊƻŦƛƭŜ ƳŀǘŎƘŜǎ ¢Ǌǳǎǘ IƻǊƛȊƻƴΩǎ ƭƻŀŘ ǇǊƻŦƛƭŜ ǿŜƭƭ, providing high self-

consumption, the best route to profitability with low buy-back 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 attractive from an emissions offset point of view, a more mid-size PV installation in the 6 kWp to 

12 kWp range may provide a balance between financial return and carbon emissions offset. 

 

 

 

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
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 Lifecycle GHG Emissions of Solar pv Technology - IPCC 

The Intergovernmental 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 

 

 

 

 

 

 

 

 

https://www.ipcc.ch/site/assets/uploads/2018/03/Chapter-3-Direct-Solar-Energy-1.pdf
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 CO2e Emissions Footprint of Solar relative to other forms of Generation - IPCC 

The Intergovernmental 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: Emission intensity of electricity [gCO2 eq/kWh] of currently commercially available technologies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter7.pdf
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 Solar End of Life ς Kea Energy 

Kea Energy own and operate a 2MW solar farm in Marlborough and claim άhǳǊ ƛƴǘŜƴǘƛƻƴ ƛǎ ǘƻ ƪŜŜǇ ǘƘŜ 

panels as long as economical and then sell on to hobbyists, for up-ŎȅŎƭƛƴƎΦέ 

 

 Materials required for a Solar PV Plant - IRENA 

The International Renewable Energy Agency (IRENA) research on the Materials required for a 1MW solar 

PV plant below. 

Figure: Materials required for a 1MW solar PV plant - IRENA 

 

 

 

 

 

 

 

 

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

Materials - NREL 

One of the major concerns with solar is the materials involved in the manufacturing of the panels and 

what happens to the panels at the end of their life. The National Renewable Energy Laboratory (NREL) 

analysts express their 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. The United 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 materialsτa motivation for domestic reuse and recycling. 

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
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Moreover, decommissioned PV modules could total 1 million tons of waste in the United States by 2030, 

ƻǊ м҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ŝ-waste. This presents not only waste management concerns but also opportunities 

for materials recovery and secondary markets. 

άwŜǎǇƻƴsible and cost-effective management of PV system hardware is an important business and 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴΣέ ǎŀƛŘ ¢ŀȅƭƻǊ /ǳǊǘƛǎΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŀƭȅǎǘ ŀǘ ǘƘŜ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ 

[ŀōƻǊŀǘƻǊȅ όbw9[ύΦ άwŜǇŀƛǊΣ ǊŜǳǎŜΣ ƻǊ ǊŜŎƻǾŜǊȅ ƻŦ ǘƘƛǎ ŜǉǳƛǇƳŜƴt would reduce negative environmental 

ƛƳǇŀŎǘǎΣ ǊŜŘǳŎŜ ǊŜǎƻǳǊŎŜ ŎƻƴǎǘǊŀƛƴǘǎΣ ŀƴŘ ǎǘƛƳǳƭŀǘŜ ¦Φ{Φ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΦέ 

Curtis and a team of NREL researchers have been leading ongoing analysis of how to manage retiring PV 

modules in support of the ƭŀōƻǊŀǘƻǊȅΩǎ Ǿƛǎƛƻƴ ƻŦ ŀ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ŦƻǊ ŜƴŜǊƎȅ ƳŀǘŜǊƛŀƭǎ. The team 

conducted legal- and literature-based research and interviewed solar industry stakeholders, regulators, 

and policymakers. They published a series of NREL technical reports, narrowing in on options and 

opportunities for PV equipment reuse and recycling. 

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

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

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

ŀ ϦǘŀƪŜōŀŎƪέ ǇǊƻƎǊŀƳ ǘƻ ǊŜǳǎŜ ƻǊ ǊŜŎȅŎƭŜ ǊŜǘƛǊŜŘ t± ƳƻŘǳƭŜǎΦ !ƭǘƘƻǳƎƘ ǘƘŜǊŜ ŀǊŜ ŀ ƎǊƻǿƛƴƎ ƴǳƳōŜǊ ƻŦ 

U.S. third-party recyclers that accept PV modules, most companies only recover bulk material and leave 

behind high-value materials such as silver, copper, and siliconτaccording to one report in the study. 

In the future, the U.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 ŀ ŎƻƳǇŀƴȅΩǎ ƎǊŜŜƴ ǊŜǇǳǘŀǘƛƻƴΣ ǇǊƻǾƛŘŜ ƴŜǿ ǊŜǾŜƴǳŜ 

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 government-funded R&D and analysis to help relieve some of the market and 

regulatory uncertainty associated with the reuse and end-of-life PV options. R&D could focus on designing 

PV modules to be more easily repaired, reused, or recycled, as well as on the associated cost-effective 

services 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, building, and electrical regulations in the United States could directly prohibit reusing 

PV modules or inverters for grid-tied applications. 

In the United States, PV equipment such as modules that are destined for resource recovery are often 

regulated the same way as 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 waste. U.S. waste laws vary by jurisdiction 

and mandate specific handling, storage, and transport requirements. Transporters of PV equipment may 

https://youtu.be/OhvQzuP12EU
https://www.nrel.gov/docs/fy21osti/74550.pdf
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be subject to U.S. Department of Transportation hazardous materials regulations with specific packaging, 

documentation, and other transit-related 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 approach that places 

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, or require 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 less-stringent solid waste requirements if they are recycled. 

Best Practices for End-of-Life PV Management 

In another report in the research effort, NREL analysts dig deeper into alternatives for managing retiring 

PV systems. The best option for each system that is 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 period. This involves extending permits and the utility and interconnection agreement. While 

there is no capital investment with this option, there are higher operation-and-maintenance costs to repair 

aged equipment. 

Refurbishment is an option with detailed physical 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 increasingly hard to find and 

operation-and-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 the power source. Repowering often costs 80% of the total plant 

value. A repowered PV system is new in almost all respects and can leverage existing land-use, permitting, 

utility interconnections, and power purchase prices. 

If it does not make economic sense to repair 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 implications 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? 

A final report in the series analyzes federal and state regulations (existing, pending, and historic) that 

explicitly address PV module recycling in the United States. 

https://www.nrel.gov/docs/fy21osti/78678.pdf
https://www.nrel.gov/docs/fy21osti/74124.pdf
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The analysts did not find any federal statutes or regulations that explicitly address PV module recycling. 

However, state- and industry-led policies have started to emerge related to end-of-life PV management 

concerns. These state- and industry-led policies use their own frameworks tailored to specific options for 

retiring PV modules 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 study of end-of-

life PV management options to help develop options for legislative or regulatory considerations. 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, which address the end-of-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 end-of-life 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 recycling at end of life. 

Learn More 

ά! ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ŦƻǊ ǎƻƭŀǊ t± ƳŀǘŜǊƛŀƭǎ ǿƛƭƭ ƛƴǾƻƭǾŜ ŜǾŜǊȅƻƴŜ ŀŎǊƻǎǎ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴΣ ŦǊƻƳ ǇǊƻƧŜŎǘ ƻǿƴŜǊǎ ŀƴŘ 

ŦƛƴŀƴŎƛŜǊǎ ǘƻ ƳŀƴǳŦŀŎǘǳǊŜǊǎΣέ /ǳǊǘƛǎ ǎŀƛŘΦ ά¢ƻƎŜǘƘŜǊΣ ǘƘŜ ƛƴŘǳǎǘǊȅ Ŏŀƴ ŜƴǎǳǊŜ ǘƘŀǘ ƭƛŀōƛƭƛǘƛŜǎ ƭƛƪŜ ƘŀȊŀǊŘƻǳǎ ƳŀǘŜǊials 

are avoided and end-of-life management extracts the most economic value and makes the least environmental 

ƛƳǇŀŎǘ ǇƻǎǎƛōƭŜΦέ Learn more about bw9[Ωǎ Ǿƛǎƛƻƴ ŦƻǊ ŀ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ŦƻǊ ŜƴŜǊƎȅ ƳŀǘŜǊƛŀƭǎ. 

 

 End of Life Management of Solar PV - IRENA 

The International Renewable Energy Agency (IRENA) perspective on 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 below explore innovative 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 (reduce, reuse and recycle) 

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 mass production, material substitutions and 

higher-efficiency 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 materials, as well as minimising amount of material per panel to save costs. PV material 

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
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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 economics of 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, namely: c-Si panels (glass, silicon, etc.), CIGS panels (glass, polymer, 

aluminium, etc.) and CdTe panels (glass, polymer, nickel, etc.) (IRENA and IEA-PVPS, 2016). 

REUSE: REPAIRING PV PANELS 

Most PV systems were installed in the last six years. A six-year-old panel today has aged by an equivalent 

of 20% of its expected average lifetime of 30 years (IRENA and IEA-PVPS, 2016). If flaws and imperfections 

ŀǊŜ ŘƛǎŎƻǾŜǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ŜŀǊƭȅ ǇƘŀǎŜ ƻŦ ŀ t± ǇŀƴŜƭΩǎ ƭƛŦŜΣ ŎǳǎǘƻƳŜǊǎ can claim guarantees for repair or 

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 ς such as flash test characterisation and a wet leakage test ς can 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 original sales price, and partly repaired 

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

RECYCLE: DECOMMISSIONING AND TREATMENT OF PV PANELS 

Future waste management of installed PV systems largely depends on their type and size. For example, 

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 utility-scale PV applications is 

logistically easier. Currently PV waste quantities are very moderate, which reduces the economic incentive 

to create dedicated PV panel recycling plants. End-of-life PV panels are therefore typically processed in 

existing general recycling plants. However, in the long run constructing dedicated 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 

researched 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 and IEA-PVPS, 2016).  

Given the estimated growth of PV panel waste volumes, the management of end-of-life PV panels is worth 

examining, along with the associated socioeconomic and environmental benefits (IRENA and IEA-PVPS, 

2016). The value creation stemming from end-of-life PV management involves:  

¶ Unlocking raw materials and their value. 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 become available 

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 time will stimulate a market for secondary raw 

materials originating from end-of-life PV panels.  

¶ Creating new industries and jobs in the PV sector. The acceptance of future PV panel waste 

management systems depends on co-operation among the different players across industry, such 
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as waste management companies, utilities, governments, producers, etc. End-of-life PV panel 

management holds the potential to develop new pathways for industry growth and offers 

employment opportunities for different stakeholders. Similarly, the PV recycling industry will 

necessitate trained staff with specific skills and knowledge, education and training programmes. 
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2.0 Market  

 Levelised Cost of Electricity (LCOE), Capital Costs, Returns, 

and the Future of Solar 

 Levelised Cost of Electricity (LCOE) ς Lazard 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 the long-term cost of installing a new generation plant, 

running that plant and accounting for all other costs incurred. 

¢ƘŜ ǊŜǎǳƭǘ ƛǎ ŀ ŘƻƭƭŀǊ Ŏƻǎǘ ǇŜǊ ƳŜƎŀǿŀǘǘ ƻǾŜǊ ǘƘŜ ǇƭŀƴǘΩǎ ǇǊƻŘǳŎǘƛǾŜ ƭƛŦŜΦ Lǘ ǘŀƪŜǎ ŀŎŎƻǳƴǘ ƻŦ ŜǾŜǊȅǘƘƛƴƎ ς 

land purchase, plant installation, licensing costs, fuel, infrastructure to deliver electricity to a grid, carbon 

costs, labour ς pretty much every cost that will be incurred over the multi-decade life of the plant. 

Figure: Levelised Cost of Energy Comparison ς Unsubsidized Analysis ς (Lazard Investment Bank) 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf
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Figure: Levelised Cost of Energy Comparison ς Historic Utility Scale Generation Comparison ς (Lazard 

Investment Bank) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf
https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf
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 Levelised Cost of Electricity (LCOE) of 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 of solar relative to other forms of generation. 

 

Figure: IPCC: LCOE of electricity [$/kWh] of currently commercially available technologies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter7.pdf
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 Levelised Cost of Energy (World Average) ς World Economic Forum 

 

Figure: Levelised Cost of Energy (World Average) ς World Economic Forum 

 

 

 

 

 

 

 

 

 Levelised Cost of Energy (NZ Comparison) ς MBIE 

a.L9Ωǎ LƴǘŜǊŀŎǘƛǾŜ [ŜǾŜƭƛǎŜŘ /ƻǎǘ ƻŦ 9ƭŜŎǘǊƛŎƛǘȅ /ƻƳǇŀǊƛǎƻƴ ¢ƻƻƭ 

This tool calculates an estimate of the levelised cost of electricity generation (LCOE) for each potential 

ƎŜƴŜǊŀǘƛƻƴ ǇǊƻƧŜŎǘ ƛƴ a.L9Ωǎ DŜƴŜǊŀǘƛƻƴ {ǘŀŎƪΦ ¢ƘŜ DŜƴŜǊŀǘƛƻƴ {ǘŀŎƪ ƛǎ ǳǎŜŘ ōȅ a.L9 ƛƴ ŜƴŜǊƎȅ ŀƴŘ ŎƭƛƳŀǘŜ 

modelling such as Electricity Demand and Generation Scenarios (EDGS). 

How the Interactive Levelised Cost of Electricity Comparison Tool works 

The Interactive Levelised Cost of Electricity Comparison Tool ranks the projects from lowest to highest LCOE 

and the resulting curve is a simplified representation of the long-run marginal electricity generation costs 

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

not take into account additional capital cost of meeting peak demand. The long-run marginal 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 are either 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. 

https://www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf
https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-statistics-and-modelling/energy-modelling/interactive-levelised-cost-of-electricity-comparison-tool/
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Note: The LCOE 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. 

Pre-tax discount rates 

As of 18 September 2020, the Treasury recommended real pre-tax discount rates in the range of 5% to 6% 

per annum to be used in economic analyses. 

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

The default value of real post-tax discount rate in the calculator is 4.5% per annum.  As the LCOE is sensitive 

to key assumptions such as discount rates and carbon tax, the tool allows users to perform sensitivity 

analyses by adjusting key assumptions. 

Future plans 

As there are no utility-scale solar installations in New Zealand, assumptions used in calculating LCOE for 

utility solar are based on overseas studies and hence the estimates are subject 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 

 

https://www.treasury.govt.nz/information-and-services/state-sector-leadership/guidance/financial-reporting-policies-and-guidance/discount-rates
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The graph shows the output of the Interactive Levelised Cost of Electricity Comparison Tool - the long-run 

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 electricity generation (LCOE) of wind ranges from 

$54 per MWh to $70 per MWh. 

 

 Levelised Cost of Energy (Solar & Wind) ς IRENA 

The International Renewable Energy Agency (IRENA) is an intergovernmental organization mandated to 

facilitate cooperation, advance knowledge, and promote the adoption and sustainable use of renewable 

energy. 

The below is an extract from IRENA Press Release: Majority of New Renewables Undercut Cheapest 

Fossil Fuel on Cost  

Renewable Power Generation Costs in 2020 shows that costs for renewable technologies continued to fall 

significantly year-on-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 

ƛƴŎǊŜŀǎƛƴƎƭȅ ǳƴŘŜǊŎǳǘ ŜȄƛǎǘƛƴƎ ŎƻŀƭΩǎ ƻǇŜǊŀǘƛƻƴŀƭ Ŏƻǎǘǎ ǘoo. Low-cost renewables give developed and 

ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎ ŀ ǎǘǊƻƴƎ ōǳǎƛƴŜǎǎ ŎŀǎŜ ǘƻ ǇƻǿŜǊ Ǉŀǎǘ Ŏƻŀƭ ƛƴ ǇǳǊǎǳƛǘ ƻŦ ŀ ƴŜǘ ȊŜǊƻ ŜŎƻƴƻƳȅΦ Wǳǎǘ нлнлΩǎ 

new renewable project additions will save emerging economies up to USD 156 billion over their lifespan. 

2010-2020 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 years, the cost of electricity from utility-scale 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 onshore wind 

continuously undercut even the cheapest new coal option without any financial support. 

 

 

 

 

 

https://www.irena.org/newsroom/pressreleases/2021/Jun/Majority-of-New-Renewables-Undercut-Cheapest-Fossil-Fuel-on-Cost
https://www.irena.org/newsroom/pressreleases/2021/Jun/Majority-of-New-Renewables-Undercut-Cheapest-Fossil-Fuel-on-Cost
https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020
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Figure: Solar and wind power technologies became the economic backbone of the energy transition 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lw9b!Ωǎ ǊŜǇƻǊǘ ŀƭǎƻ ǎƘows that new renewables beat 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. Retiring and replacing 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 one-third. In India, 141 GW of installed coal is more expensive 

than new renewable capacity. In Germany, no existing coal plant has lower operating costs than new solar 

PV or onshore wind capacity. 

 

 

 

https://www.irena.org/newsroom/pressreleases/2021/Jun/Majority-of-New-Renewables-Undercut-Cheapest-Fossil-Fuel-on-Cost
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The Lw9b! wŜǇƻǊǘ άRenewable Power Generation Cost in 2020έ clearly shows the reduction in LCOE that 

Solar has made over the last decade relative to other forms of generation.  

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

2010 and 2020 

 

 

 

 

 

 

 

Figure: Global LCOEs from newly commissioned, utility-scale renewable power generation technologies, 

2010-2020 

 

 

 

 

 

 

 

 

 

 

 

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
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 Future of Solar ς LCOE ς 2020 World Economic Forum Annual Meeting  

The World Economic Forum states that the future looks bright for solar energy: 

¶ Over the past decade, the cost of solar has fallen dramatically. 

¶ New technologies promise to increase efficiency and lower costs further. 

¶ Solar energy will soon be unbeatable compared to fossil fuels. 

Figure 

 

 

 

 

 

 

 

 

 

 

 

 Transpower Report άThe Sun Rises on a Solar Energy Futureέ ς Future of Solar 

in NZ & LCOE 

Summary except below from Transpower Report - The Sun Rises on a Solar Energy Futureέ 

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, exceeding the 

70GW of new fossil fuel generation built the same year by 40 per cent. This represents a significant global 

shift ς the first time since the industrial revolution that a renewable form of energy has outstripped the 

construction of conventional fossil fuel-powered electricity generation. This shift is the result of a long-

https://www.weforum.org/agenda/2020/01/the-future-looks-bright-for-solar-energy/
https://www.transpower.co.nz/sites/default/files/plain-page/attachments/Te%20Mauri%20Hiko%20%E2%80%93%20the%20sun%20rises%20-%20published.pdf
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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 subsidies, utility solar is now on a pricing par with 

gas-fired 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 like-for-like comparison as gas-fired peaking power stations produce 

power on demand, whereas solar produces variable energy output and varies by region.) Within the 

ƛƴŘǳǎǘǊȅΣ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ ǊŜŀƭΣ ǳƴŘŜǊƭȅƛƴƎ Ŏƻǎǘǎ ƻŦ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ƛǎ ŎŀƭƭŜŘ ŀ ΨƭŜǾŜƭƛǎŜŘ Ŏƻǎǘ ƻŦ ŜƴŜǊƎȅ ό[/h9ύΩΦ 

Figure 1 below shows the levelised cost of energy for a range of electricity generation technologies1. With 

forecast carbon prices applied to gas-fired electricity generation, this graph shows that the cost of energy 

from gas-fired power stations will be double the price of energy from utility solar within a decade. 

 
Figure 1: NZD cost of energy from different sources as technology and carbon prices evolve 

 

The levelised cost of utility solar is expected to continue falling ς by 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 

ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ ǘƘŜ ǿƻǊƭŘΩǎ ŎƘŜŀǇŜǎǘ ŦƻǊƳ ƻŦ ŜƴŜǊƎy ς marginally cheaper than wind, which will also continue 

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 watt of solar energy 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 self-reliance, 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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 Future of Solar Report ς IRENA ς LCOE, Capital Cost, and other Info 

Summary extracts from the IRENA ς Future of Solar Report 

Achieving the paris climate goals would require significant acceleration across a range of sectors and 
technologies. By 2050 solar PV would represent the second-largest power generation source, just behind 
wind power and lead the way for the transformation of the global electricity sector. Solar PV would 
generate a quarter (25%) of total electricity needs globally, becoming one of prominent generations 
source by 2050. 
 
Such a transformation is only possible by significantly scaling up solar pv capacity in next three 
decades. This 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 2050 ς an increase of almost 
eighteen times 2018 levels. 
 
The solar pv industry would need to be prepared for such a significant growth in the market over the 
next three decades. In annual growth terms, an almost threefold rise in yearly solar PV capacity 
additions is needed by 2030 (to 270 GW per year) and a fourfold rise by 2050 (to 372 GW per year), 
compared to current levels (94 GW added in 2018). 
 
Scaling up solar pv energy investment is critical to accelerating the growth of 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
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Installations over the coming decades. Globally this would imply a 68% increase in average annual solar 
PV investment from now until 2050 (to USD 192 billion/yr). Solar PV investment stood at USD 114 
billion/yr in 2018. 
 
Increasing economies of scale and further technological improvements will continue to reduce the 
costs of solar pv. Globally, the total installation cost of solar PV projects would continue to decline in the 
next three decades. This would make solar PV highly competitive in many markets, with the average 
falling in the range of USD 340 to 834 per kilowatt (kW) by 2030 and USD 165 to 481/kW by 2050, 
compared to the average of USD 1 210/kW in 2018. 
 
The levelised cost 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 from an average of USD 0.085 per kilowatt-hour 
(kWh) 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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Scaling up electricity from renewables is crucial for the ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳΦ 

Solar, along with wind energy, would lead the way in the transformation of the global electricity sector. 
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Figure: Solar generation projections in 2040 and 2050 global energy scenarios
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 Operation & Maintenance - IRENA ς Future of Solar 
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 Operation and Maintenance Costs - IRENA 

Operation and Maintenance Costs (IRENA Renewable Power Generation Costs in 2020 Report) 

The operation and maintenance (O&M) costs of utility-scale solar PV plants have declined 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 designs 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 

ƛƴƴƻǾŀǘƛƻƴǎ ǎǘǊŜǘŎƘ ŦǊƻƳ ǊƻōƻǘƛŎ ŎƭŜŀƴƛƴƎ ǘƻ ΨōƛƎ ŘŀǘŀΩ ŀƴŀƭȅǎƛǎ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ǘƻ identify issues and 

preventative interventions ahead of failures.  

For the period 2018-2020, O&M cost estimates for utility-scale plants in the United States have been 

reported at between USD 10/kW/year and USD 18/kW/year (Wiser et al., 2020; Bolinger et al., 2019; 

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 system type and configuration. The rest of the O&M costs can be 

attributed to unscheduled maintenance, land lease costs and other component replacement costs.  

Average utility-scale O&M costs in Europe have been recently reported at USD 10/kW per year (Steffen et 

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 the solar PV cumulative installed capacity.  

For 2020, the solar PV LCOE calculations in this IRENA report assume utility-scale O&M costs of USD 

17.8/kW per year for projects commissioned in the Organisation of Economic Co-operation and 

Development (OECD) member countries (a 3% decline from 2019). For projects commissioned in non-OECD 

countries during that year, USD 9.0/kW per year is assumed (a decline of 5% from 2019)4. These are the 

ŜǎǘƛƳŀǘŜŘΣ ǘƻǘŀƭ Ψŀƭƭ-ƛƴΩ hϧa ŎƻǎǘǎΣ ǎƻ ƛƴŎƭǳŘŜ Ŏƻǎǘǎ ǎǳŎƘ ŀǎ ƛƴǎǳǊŀƴŎŜ ŀƴŘ ŀǎset management, which are 

sometimes not reported in all O&M surveys.  

 

 

 

 

 

 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020.pdf
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 Solar Installed System Cost Analysis (Capital Cost ς [$/Wp]) ς NREL 

 

Figure: Solar Installed System Cost Analysis ς NREL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other resources: NREL - 2018 U.S. Utility-Scale Photovoltaics - Plus - Energy Storage System Costs 

Benchmark 

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
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 EECA ς Capital Cost analysis of Commercial-scale (rooftop) solar in New 

Zealand 

EECA Report: Commercial-scale solar in New Zealand An analysis of the financial performance of on-site 

generation for businesses 

 

 

 

 

 

 

 

 

 

 

 

 

 

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
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NZ Rooftop Solar Capital Costs [$/Wp] 

 

 

Purpose Capital Analysis of EECA Capital Costs figures vs actual costs: 

 

t/[Ωǎ ǾƛŜǿ ƛǎ ǘƘŀǘ actual NZ capital costs are 20% lower than the figures presented by EECA therefore it 

is reasonable to assume the actual IRR will be 35% higher ǘƘŀƴ 99/!Ωǎ Lww ŦƛƎǳǊŜǎ. 
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 EECA - IRR analysis of Commercial-scale (rooftop) solar in New Zealand 

t/[Ωǎ ǾƛŜǿ ƛǎ ǘƘŀǘ ŀŎǘǳŀƭ NZ capital costs are 20% lower than the figures presented by EECA therefore it 

ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ŀǎǎǳƳŜ ǘƘŜ ŀŎǘǳŀƭ Lww ǿƛƭƭ ōŜ ор҈ ƘƛƎƘŜǊ ǘƘŀƴ 99/!Ωǎ Lww ŦƛƎǳǊŜǎΦ 

An IRR analysis of Commercial-scale solar in New Zealand, by EECA in 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 due to differences in distribution pricing between centres ς this is discussed 

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 LCOE results, as per 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), Hamilton (HN), Tauranga (TR), Napier (NR), Wellington (WN), Nelson (NN), 

Christchurch (CC), and Dunedin (DN). 

 

 

 

 

 

 

 

 

 

 

 

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
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Applying the 35% increase to the NZ mean IRR of 5.2% results in an IRR of 7%, which appears consistent 

with Ψindustry chatterΩ of 7-8% IRR for commercial rooftop solar (or higher in some circumstances). 
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 Renewables Returns ς World Economic Forum (Renewable Infrastructure 

Investment Handbook) 

¢ƘŜ ōŜƭƻǿ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǊŜŦŜǊŜƴŎŜŘ ŦǊƻƳ ǘƘŜ ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳǎΩ άRenewable Infrastructure 

Investment Handbook: A Guide for Institutional Investorsέ 

Figure: Target Returns Tables from WEF Renewable Infrastructure Investment Handbook 

 

 

 

 

 

 

 

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
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 Economics of Utility-Scale Solar in Aotearoa New Zealand ς 

Executive Summary - Allan Miller Consulting Ltd for MBIE 

Economics of Utility-Scale Solar in Aotearoa New Zealand - Forecasting Transmission and Distribution 

Network Connected 1 MW to 200 MW Utility-Scale Photovoltaic Solar to 2060 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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
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 Current Solar Landscape in NZ: Competitors & Various NZ 

Solar Models 

 Commercial Rooftop Solar - List of largest NZ solar installations known by 

Purpose Capital (installed, under construction, & proposed): 

1. мΦмссa² CƻƻŘǎǘǳŦŦǎ bƻǊǘƘ LǎƭŀƴŘ 5ƛǎǘǊƛōǳǘƛƻƴ /ŜƴǘǊŜ όCbL ǘƻ ƛƴǎǘŀƭƭ b½Ωǎ ƭŀǊƎŜǎǘ ǊƻƻŦǘƻǇ 

installation at April 2020), system by Reid Technology, 6,000m2 of panels estimated to generate 

1.5GWh p.a. & the building is 75,000m² (Jan 2020) 

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

3. пннY² aŀƛƴŦǊŜƛƎƘǘ !ǳŎƪƭŀƴŘ 5ŜǇƻǘ όb½Ωǎ ƭŀǊƎŜǎǘ ǊƻƻŦǘƻǇ ƛƴǎǘŀƭƭŀǘƛƻƴ ŀǘ !ǇǊƛƭ нлнлύΣ ǎȅǎǘŜƳ ōȅ 

Reid Technology, Mainfreight building is 20,000m² (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 installation (2014) 

7. мтлY² aŀƛƴŦǊŜƛƎƘǘ IŀƳƛƭǘƻƴ 5ŜǇƻǘ όb½Ωǎ нnd largest rooftop installation at the time), system by 

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

8. 153KW Misco Joinery, Christchurch. The largest commercial solar installation in Canterbury at 

time of install. 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 from the installations mentioned above, most of which occurred during 2019-2021, that 

Rooftop solar is commercially viable in a New Zealand context. 

 

Foodstuffs NI Distribution Centre ς Excerpt from Article (23April2021) 

Quin says the decision to include just over 2900 solar panels on the roof was initially a bit of a cost-neutral, 

socially responsible move. 

But soaring commercial power costs over the last six to nine months have made that decision look great 

in hindsight. 

ΨΩ¢ƘŜǊŜΩǎ ōŜŜƴ ŀ ǎŜƛǎƳƛŎ ǎƘƛŦǘ ƛƴ ǇƻǿŜǊ Ŏƻǎǘǎ ƛƴ bŜǿ ½ŜŀƭŀƴŘΦ ¢ƘŜǊŜ ŀǊŜ ŜȄŀƳǇƭŜǎ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ǇƻǿŜǊ 

ƛƴŎǊŜŀǎŜǎ ƻŦ млл ǇŜǊ ŎŜƴǘ ŀƴŘ ǿŜ ŘƛŘƴΩǘ ƪƴƻǿ ǘƘŀǘ ŀǘ ǘƘŜ ǘƛƳŜ ǿŜ ƛƴǾŜǎǘŜŘ ƛƴ ǎƻƭŀǊ ŦƻǊ ǘƘƛǎ ōǳƛƭŘƛƴƎΣ ōǳǘ ƛǘΩǎ 

certainly good news we diŘΣΩΩ vǳƛƴ ǎŀȅǎΦ 

ά¢ƘŀǘΩǎ ōŜŜƴ ŀ ƳŀǎǎƛǾŜ ǎƘƻŎƪ ǘƻ bŜǿ ½ŜŀƭŀƴŘ ōǳǎƛƴŜǎǎŜǎ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŀƴŘ ǇŀǊǘ ƻŦ ŀ Ŏƻǎǘ ǇǊƻŦƛƭŜ ǘƘŀǘΩǎ 

ƭƻƻƪƛƴƎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŘƛŦŦƛŎǳƭǘΦέ 

 

https://www.stuff.co.nz/business/124857669/foodstuffs-staff-move-into-building-big-as-8-rugby-fields
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 Solar Farms - List of largest NZ solar installations known by Purpose Capital 

(installed, under construction, & proposed): 

Prior to 2021 there was no large/utility scale land based solar farms in NZ. Now there is a groundswell of 

projects and ƛǘΩǎ ǉǳƛǘŜ ǇƻǎǎƛōƭŜ ǘƘŜǊŜ ŀǊŜ many ƻǘƘŜǊ ǇǊƻƧŜŎǘǎ ƛƴ ǘƘŜ ǇƛǇŜƭƛƴŜ ǘƘŀǘ ŀǊŜƴΩǘ ƭƛǎǘŜŘ ōŜƭƻǿΦ  

1. Lodestone (PROPOSED) $300m 400GWh 

2. 1000MW Total Future Investments by Far North Solar Farm Ltd over the next 5-8 years 

(PROPOSED)  
FNSF have several large-scale solar 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 Dargaville. 

3. 500MW total Genesis Energy solar farm planned in North Island (PROPOSED). 300kw solar farm 

in the Northern Waikato to deliver 550 GWh p.a. 
Genesis Energy plans to build enough solar energy farms over the next five years to meet a little under 2 per cent of the couƴǘǊȅΩǎ 

current electricity demand. The company said it was finalising a joint venture with overseas solar firms to generate about 750 gigawatt-

hours of solar p.a. ά{ƻƭŀǊ ƳŀƪŜǎ ǎŜƴǎŜ ƻƴ ŀ ƴǳƳōŜǊ ƻŦ ƭŜǾŜƭǎ ŀƴŘ ǿŜ ōŜƭƛŜǾŜ ǘƘŜǊŜ ƛǎ ŀƴ ŜŎƻƴƻƳƛŎ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŘŜǾŜƭƻǇ ǳǘƛƭƛǘȅ-scale 

ǎƻƭŀǊ ǇǊƻƧŜŎǘǎ ƛƴ bŜǿ ½ŜŀƭŀƴŘΣέ- Genesis chief executive Marc England 

4. 26 MW solar farm at the Marsden Point Oil Refinery, (PROJECT ON HOLD) 

5. 16MW Pukenui Farm by Far North Solar Farm Ltd, $30m, 12ha of panels on 15ha of land (UNDER 

CONSTRUCTION)  

6. 10MW solar farm at IŀǿƪŜΩǎ .ŀȅ !ƛǊǇƻǊǘ ŀƴŘ /ŜƴǘǊŀƭƛƴŜǎ planned next to the runway, expected 

to be operational by the end of 2021 (PROPOSED) 

7. 2.1MW Kapuni, owned by Todd Corporation, system by Sunergise (May 2021) 
άLǘ ŘŜŦƛƴƛǘŜƭȅ ǇǊƻǾŜǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ŎŀǎŜ ŦƻǊ ƭŀǊƎŜ-scale solar farms in New Zealand, and that thŜȅ Ŏŀƴ ōŜ ŜŎƻƴƻƳƛŎΣέ {ǳƴŜǊƎƛǎŜ ƎŜƴŜǊŀƭ 

manager Paul Makumbe said. Makumbe said the company was constantly looking for new solar energy sites around the country. 

8. 2MW Kea Energy Marlborough Solar Farm, $2.5m-$3m (March 2021) 

9. 1MW Floating Solar, ²ŀǘŜǊŎŀǊŜΩǎ wƻǎŜŘŀƭŜ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ǇƻƴŘ όнлнлύ 

 

* Note: c.200MW - Name of party omitted for confidentiality reasons, this party has MoUs in place for 

c.200MW of ground mounted solar systems in NZ. 

** Note: 350 MW - HES Aotearoa, a joint venture between Hive Energy, Ethical Power Group and Solar 

South West, that they hope will lead to 350 MW of utility scale installations in NZ, their NZ Project Pipeline 

below ƘƻǿŜǾŜǊ ƛǘΩǎ ǳƴƪƴƻǿƴ ǿƘŜǘƘŜǊ ǘƘŜǊŜ ƛǎ ƻǾŜǊƭŀǇ ǿƛǘƘ ŀƴȅ ƻŦ ǘƘŜ solar farms mentioned above. 

 

 

 

 

 

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/
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 Electricity Authority NZ - NZ Total Solar Capacity Installed (MW) 

 

Figure: NZ Total Solar Capacity Installed (MW) ς Source: Electricity Authority NZ 

 

 

 

 

 

 

 

 

 

https://www.emi.ea.govt.nz/Retail/Dashboards/5YPBXT?_si=db%7C5YPBXT,v%7C0
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 Solar Businesses - NZ 

2.3.4.1 Lodestone 

Lodestone Energy was founded to help the national effort to decarbonise New Zealand's energy sector.  

Lodestone energy claims to be ƭŜŀŘƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ŜǾŜǊ ǎƻƭŀǊ ǇǊƻƧŜŎǘΦ This 

transformative project will see utility-solar 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 near Dargaville, Kaitaia, Whakatane, Edgecumbe and Whitianga for 

ǘƘŜ ǎƻƭŀǊ ŦŀǊƳǎ ǿƘƛŎƘ ƛǘ ŘŜǎŎǊƛōŜǎ ŀǎ άŀ ƳŀǎǎƛǾŜ ǘǳǊƴƛƴƎ Ǉƻƛƴǘ ŦƻǊ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴέΦ 

Combined, the farms will act as one giant power station, feeding electricity into local networks and 

ŎƻƳǇƭŜƳŜƴǘƛƴƎ bŜǿ ½ŜŀƭŀƴŘΩǎ ƘȅŘǊƻΣ ƎŜƻǘƘŜǊƳŀƭ ŀƴŘ ǿƛƴŘ ǊŜǎƻǳǊŎŜǎΦ 

Each solar farm will incorporate world-leading bi-facial modules and single axis tracking technology. This 

will see the panels rotate and track the sun as it travels across the sky. Electricity will 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 50,000 New Zealand homes ς or a city the size of Hamilton. The five solar energy 

farms in the upper North Island come in a at a cost of $300 million, which will together be capable of 

ǇǊƻǾƛŘƛƴƎ ŀōƻǳǘ м ǇŜǊ ŎŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅΦ 

In addition to 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 Two near 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. 

ά[ƻŘŜǎǘƻƴŜΩǎ ŘŜǾŜƭƻǇƳŜƴǘǎΣ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƻǘƘŜǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΣ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ŘǊƛǾŜ 

power prices down to levels last seen in the early 2000 period. Renewables are lower cost than carbon-

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

ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ǿƛƭƭ ōŜ ǿƛƴƴŜǊǎέ ς Gary Holden, Managing Director, Lodestone Energy. 

 

2.3.4.2 Genesis Energy 

Genesis Energy very ǊŜŎŜƴǘƭȅ ŀƴƴƻǳƴŎŜŘ όŀ ŦŜǿ ƳƻƴǘƘǎ ŀŦǘŜǊ [ƻŘŜǎǘƻƴŜΩǎ ŀƴƴƻǳƴŎŜƳŜƴǘύ ǘƘŜȅΩǊŜ 

planning 500 megawatts of grid-scale solar built on existing transmission connections in the North Island, 

including Huntly power station. 

https://lodestoneenergy.co.nz/
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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 gigawatt-ƘƻǳǊǎ ƻŦ ǇƻǿŜǊ ŀ ȅŜŀǊΦ ¢ƘŀǘΩǎ ŜƴƻǳƎƘ ǘƻ ǇƻǿŜǊ 

185,0000 electric vehicles a year and Genesis plans to eventually back this up with battery storage as well. 

ά{ƻƭŀǊ ƳŀƪŜǎ ǎŜƴǎŜ ƻƴ ŀ ƴǳƳōŜǊ ƻŦ ƭŜǾŜƭǎ ŀƴŘ ǿŜ ōŜƭƛŜǾŜ ǘƘŜǊŜ ƛǎ ŀƴ ŜŎƻƴƻƳƛŎ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŘŜǾŜƭƻǇ 

utility-ǎŎŀƭŜ ǎƻƭŀǊ ǇǊƻƧŜŎǘǎ ƛƴ bŜǿ ½ŜŀƭŀƴŘΣέ - Genesis chief executive Marc England.  

ά²ŜΩƭƭ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ƪŜȅ ƭŜŀǊƴƛƴƎǎ ŦǊƻƳ ǘƘŜ ǊŜŎŜƴǘ ǎǳǊƎŜ ƛƴ ƛƴǘŜǊŜǎǘ ƛƴ ǎƻƭŀǊ ƛƴ !ǳǎǘǊŀƭƛŀΣ ǇŀǊǘƛŎǳƭŀǊƭȅ 

equipment selection, cost efficiencies in the installation process and ǘǊŀƴǎƳƛǎǎƛƻƴ ŎƻƴƴŜŎǘƛƻƴ ǊƛǎƪΦέ 

The company intends to be a developer and not just a partner. England says its experience in consenting, 

land access, and grid connections ς the latter two being especially big cost drivers ς will complement its 

ǇǊƻǎǇŜŎǘƛǾŜ W± ǇŀǊǘƴŜǊǎΩ ŜȄǇŜǊǘƛǎŜΦ 

ά²ŜΩƭƭ ǇǊƻōŀōƭȅ ōŜŎƻƳŜ ǘƘŜ ǇǊŜ-eminent solar developeǊ ƛƴ bŜǿ ½ŜŀƭŀƴŘΦέ 

 

2.3.4.3 Meridian Energy 

Meridian claims to have άƘŜƭǇŜŘ ŜǎǘŀōƭƛǎƘ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ŎƻƳƳŜǊŎƛŀƭ ǎƻƭŀǊ ǇǊƻƎǊŀƳƳŜΣ ƛƴǎǘŀƭƭƛƴƎ 

solar across Kiwi Property shopping centres in Christchurch, Palmerston North, Auckland and Hamilton.έ 

Meridian's Commercial solar solutions for businesses: 

1) Solar Power Purchase Agreement 

For businesses that want no upfront capital costs. 

²ƛǘƘ ŀ aŜǊƛŘƛŀƴ tƻǿŜǊ tǳǊŎƘŀǎŜ !ƎǊŜŜƳŜƴǘ όtt!ύ ƎŜǘǎ ȅƻǳ ǎƻƭŀǊ ǘƘǊƻǳƎƘ ƳƻƴǘƘƭȅ ǇŀȅƳŜƴǘǎΦ ²ŜΩƭƭ ŘŜǎƛƎƴΣ 

ƛƴǎǘŀƭƭ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŀ ǎƻƭŀǊ ǎȅǎǘŜƳ ŦƻǊ ȅƻǳΦ ¸ƻǳǊ ōǳǎƛƴŜǎǎ ǿƻƴΩǘ ƴŜŜŘ ǘƻ Ǉǳǘ ŀƴȅ ǳǇŦǊƻƴǘ ŎŀǇƛǘŀƭ Ŏƻǎǘ ǘƻǿŀǊds 

ǘƘŜ ǎƻƭŀǊ ǎȅǎǘŜƳΦ LƴǎǘŜŀŘΣ ǿŜΩƭƭ ǎŜƭƭ ǘƘŜ ǇƻǿŜǊ ƎŜƴŜǊŀǘŜŘ ōŀŎƪ ǘƻ ȅƻǳ ŀǘ ŀƴ ŀƎǊŜŜŘ Ŏκƪ²Ƙ ǊŀǘŜ ŦƻǊ ǘƘŜ ƭƛŦŜǘƛƳŜ 

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 bill, so it ŘƻŜǎƴΩǘ ǘƛŜ ǳǇ ŎŀǇƛǘŀƭ ȅƻǳ ŎƻǳƭŘ ǳǎŜ ŦƻǊ ȅƻǳǊ ŎƻǊŜ ōǳǎƛƴŜǎǎ ŀŎǘƛǾƛǘƛŜǎΦ 

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 

ƛŦ ǎƻƭŀǊ ƛǎ ǊƛƎƘǘ ŦƻǊ ȅƻǳΦ LŦ ƛǘ ƛǎΣ ǿŜΩƭƭ ƘŜƭǇ ǎƛȊŜ ŀ ǎƻƭŀǊ ǎȅǎǘŜƳ ǘƻ ƳŜŜǘ ȅƻǳǊ ōǳǎƛƴŜǎǎ ƴŜŜŘǎΣ ōǳƛƭŘƛƴƎ 

infrastructure and energy load. 

¸ƻǳΩƭƭ get access to a competitive, all-inclusive quote you can rely on. 

https://www.meridianenergy.co.nz/who-we-are/our-power-stations/solar
https://www.meridianenergy.co.nz/business/sustainability/commercial-solar
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2.3.4.4 Far North Solar Farm  

Far North Solar Farm Ltd (FNSF) has proposed 1000MW Total Future Investments over the next 5-8 years. 

FNSF have several large-scale solar 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 

Dargaville. The Pukenui solar farm is expected to start supplying power by the end of the year. 

The company behind the venture, Far North Solar Farms, is owned by a Melbourne-based company and 

Richard Homewood of Muriwai Beach. 

Funding for the FNSF Pukenui solar farm has closed. However, future investment opportunities are still 

open for investors.  

 

2.3.4.5 SolarCity (NZ not USA) 

Note: The NZ Solarcity is a completely unrelated company to aǳǎƪΩǎ $2.6B Solarcity company in the USA 

Solarcity offers Ψsolar a as a serviceΩ for residential customers ŜǎǎŜƴǘƛŀƭƭȅ ŀ ΨǇŀȅ ŦƻǊ ǇƻǿŜǊΣ ƴƻǘ ǇŀƴŜƭǎΩ 

model. They provide both panels and batterys and essential act as a utility company whose generation 

assets are on your house roof. However, it is known that Solarcity does some commercial solar as they 

got the solar contract for the Warehouse. 

Solarcity Investors include ACC, K1W1, Pencarrow Private equity, and most recently NZGIF made a $10m 

investment. The NZGIF investment in SolarCity is to accelerate the growth of solar and battery 

deployment. 

 

 

 

 

 

 

 

 

 

 

https://fnsf.co.nz/
https://www.solarcity.co.nz/
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2.3.4.6 SolarBay  

SolarBay is a $350m Renewable Energy Fund with a focus on Solar PV. Typical investment size range 

between $500,000 ς $30 million, with smaller per site capital deployment possible for multi-site rollouts. 

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 thought of as a utility company that installs its solar electricity generation assets on 

businesses roofs (or on land next to a large energy user). To deliver this offering, SolarBay operates a Solar 

Power Purchase Agreement model where businesses dƻƴΩǘ Ǉǳǘ any upfront capital cost towards the solar 

system. Instead, SolarBay sells the power generated back to businesses at an agreed c/kWh rate for the 

lifetime of the PPA (typically 10-20 years). After the lifetime of the PPA, businesses be then own the solar 

array.  

About Solar Bay 

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

¶ Solar Bay is a $350m Australian solar fund with a significant portion of that eligible to be installed 

in NZ 

¶ Solar Bay investors comprise of 3 Australian family offices 

¶ Solar Bay can be thought of as a utility company that installs its solar electricity generation assets 

on businesses roofs (or on land next to a large energy user). 

¶ All solar systems are designed, installed, funded, operated, managed and maintained by Solar Bay. 

Impact 

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

change. 

¶ From a Financial, Environmental and Climate Change perspective, their solution allows renewable 

energy (low carbon energy / fossil free energy) to scale. They have created a win-win-win model 

for: Solar Bay, businesses, & the environment. 

 

2.3.4.7 Sunergise (owned by Todd Corp) 

Sunergise provides clean, reliable, cost-effective solar power services for businesses, communities and 

governments. They claim to be άhŎŜŀƴƛŀϥǎ ƭŀǊƎŜǎǘ ǇǊƛǾŀǘŜ ƻǇŜǊŀǘƻǊ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀǎǎŜǘǎΦέ 

Sunergise was founded in 2012 as the first pan-Pacific solar power utility by a group of entrepreneurs and 

veteran investors including ANZ Oceania CEO Bob Lyon. 

https://solarbay.com.au/
https://www.sunergisegroup.com/
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άOur mission is to secure a brighter, more productive future for the people of New 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 partnership 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 business with sustainability at its core, we aim to 

make clean energy affordable to all.έ 

{ǳƴŜǊƎƛǎŜ ōŜƎŀƴ ƻǇŜǊŀǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƛƴǎǘŀƭƭŀǘƛƻƴ ŦƻǊ ŀ ƳŀǊƛƴŀ ŀǘ tƻǊǘ 

Denarau in Fiji. 

Lƴ нлмп ¢ƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ LƴǘŜǊƴŀǘƛƻƴŀƭ CƛƴŀƴŎŜ /ƻǊǇƻǊŀǘƛon (IFC) took a stake in the business. 

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 Guinea and 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 gigawatt-hours of electricity produced 

by Sunergise.  

On 16 December 2020, Sunergise became the first in NZ to generate 1GWh of renewable solar energy. 

 

{ǳƴŜǊƎƛǎŜΩǎ {ǳƴtƭǳǎϰ product allows businesses to go solar without buying any panels. 

{ǳƴtƭǳǎϰ άBuy power, not panels.έ  

Using your available roof area or vacant land on-site, 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 are off-grid, Sunergise can offer a 

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 your 

ŎƻƳǇŀƴȅΩǎ ŎƻǎǘǎΦ LŦ ȅƻǳ ƘŀǾŜ ŀ ǊƻƻŦ ƻǊ ǾŀŎŀƴǘ ƭŀƴŘΣ ƛǘΩǎ ǘime you put it to work for your business. With Sunergise {ǳƴtƭǳǎϰΣ ȅƻǳ 

can keep your capital where it belongs ς invested in growing your business ς while lowering your operating costs for the life of the 

agreement. 

Invest in the savings 

Sunergise assesses your 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 and fix your solar 

power rate for the ƭƻƴƎŜǊ ǘŜǊƳΦ ²ƛǘƘ {ǳƴŜǊƎƛǎŜ {ǳƴtƭǳǎϰΣ ȅƻǳ Ǉŀȅ ƭŜǎǎ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻŘŀȅ ŀƴŘ ǿŀǘŎƘ ȅƻǳǊ ǎŀǾƛƴƎǎ ƎǊƻǿ ƻǾŜǊ ǘƛƳŜ 

as fossil fuel prices and grid electricity costs rise. 

https://www.sunergisegroup.com/news/2020/12/16/sunergise-first-in-nz-to-generate-1-gigawatt
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²ƛǘƘ {ǳƴtƭǳǎ ȅƻǳ ǎƛƳǇƭȅ Ǉŀȅ ŦƻǊ ǘƘŜ ǎƻƭŀǊ ǇƻǿŜǊ ȅƻǳ ǳǎŜ ŜǾŜǊȅ ƳƻƴǘƘΦ LǘΩǎ Ƨǳǎǘ ƭƛƪŜ ȅƻǳǊ old utility bill, only more affordable. We 

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 the system. 

3. You get cheaper electricity now and your savings increase over time 

!ǎ ǘƘŜ Ŏƻǎǘ ƻŦ ǇƻǿŜǊ ƛƴŎǊŜŀǎŜǎΣ ȅƻǳǊ {ǳƴŜǊƎƛǎŜ {ǳƴtƭǳǎϰ spend remains at the original lower price. 

4. We guarantee the power output 

Guaranteed, reliable power is better for business. Plus we can help manage your consumption and advise on other ways 

to save. 

 

2.3.4.8 LightForce 

Lightforce are suppliers & installers of Solar (& battery) systems for both residential and commercial 

applications. They have completed 6000+ residential installs. 

Lightforce have partnered with financial institutions and can assist in the financing of commercial solar pv 

systems ŀƴŘ ŎƭŀƛƳ ǘƘŜȅ άendeavour to make the shift cash-flow positive over the lifetime of the systemέ. 

Also on their website, it indicates they are looking for landowners to partner with on a solar farm 

development (1 acre minimum): 

If you have land and are interested in passive income exceeding 10% yield, Contact us to explore opportunities to partner on a Solar Farm 

development. With 25 years of guaranteed system performance, utility-scale Solar is a long term and environmentally friendly investment that 

really stacks up. With feasible blocks as small as 1 acre, you can help ensure the future of New ZealanŘΩǎ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴΦ /ƻƴǘŀŎǘ [ƛƎƘǘŦƻǊŎŜ 

via the below link to have a representative call to discuss options. 

 

2.3.4.9 Tesla Solar: Solar Roof Tiles & Battery Packs 

Tesla offers both solar and battery products. Their solar roof tile product is not at the stage of mass 

production/adoption. 

 

2.3.4.10 Community Solar Models & P2P Solar 

The Raglan Local Energy project is about working with partners Our Energy and 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 buildings have solar and for solar to be a commercially viable investment 

alternative economic models are required. 

https://lightforce.co.nz/
https://www.tesla.com/en_nz/energy
https://raglanlocalenergy.co.nz/
https://www.ourenergy.co.nz/
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RLE integrates a real time peer-to-peer (P2P) matching system built by Our Energy using the 

OurPower retail 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 encourage further 

distributed solar installations. The RLE project is in the early stages but we have an ambitious goal 

of ƳŀƪƛƴƎ wŀƎƭŀƴ bŜǿ ½ŜŀƭŀƴŘΩǎ ŦƛǊǎǘ ΨȊŜǊƻ ŎŀǊōƻƴ ŜƴŜǊƎȅ ŎƻƳƳǳƴƛǘȅΩΦ 

 

2.3.4.11 Infratec 

Infratec provides an experienced team of renewable development and implementation specialists. Clients 

include Transpower, Wel Networks, Watercare, Countdown, & Kainga Ora. 

 

2.3.4.12 Kea Energy 

Family run company based in Canterbury, New Zealand who generate their own Ψenvironmentally friendlyΩ 

electricity. They own, operate, maintain and manage hydro-turbines and solar generating plants, including 

the 2MW Marlborough solar farm. 

Kea Energy offers PPA's to selected sites, these agreements cost the customer nothing and the customer 

allows Kea Energy to install PV panels, inverters and other associated equipment on some land or a roof. 

Kea Energy pays for the equipment and installation costs. The customer agrees to buy the power from the 

solar panels at a discounted rate from the Retailers. 

Kea Energy also offer complete turnkey systems ǘƘŀǘ Ŏŀƴ ǇǳǊŎƘŀǎƛƴƎ Ǿƛŀ YŜŀ 9ƴŜǊƎȅΦ ¢ƘŜȅ ŎƭŀƛƳ ǘƘŀǘ άƛf 

you buy a solar park from us we can also offer a competitive buy back rate for your powerέ. 

 

2.3.4.13 SOLAGRI 

Solagri solar systems generate low cost solar electricity as a service on your farm. No capital investment 

is required. άOffering farmers capital-free solar as a service.έ 

Solagri achieves competitive dairy farm energy prices by aggregating the purchase and installation of solar 

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: 

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

¶ Your property remains grid connected 

¶ {ƻƭŀƎǊƛ ǎǳǇǇƭƛŜǎ млл҈ ƻŦ ȅƻǳǊ ŘŀƛǊȅ ǎƘŜŘΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜŜŘǎΣ ŦǊƻƳ ōƻǘƘ ǎƻƭŀǊΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƎǊƛŘΣ 

under a long-term Power Purchase Agreement (PPA) 

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

¶ Solagri will use the purchasing power of our growing customers base to push down the cost of 

your power from the grid 

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

¶ Your business has improved cash flows and increased environmental sustainability 

¶ ²ŜΩƭƭ ŀŘŘ ŀ ōŀǘǘŜǊȅ ǘƻ ǘƘŜ ǎȅǎǘŜƳ ƻƴŎŜ ǿŜ ƘŀǾŜ ŎƻƳǇƭŜǘŜŘ ƻǳǊ wϧ5 ǿƘƛŎƘ ǿƛƭƭ ƛƳǇǊƻǾŜ ǘƘŜ 

efficiency of the solar and save you more money. 

¶ We maintain the system at our cost 

¶ ¸ƻǳǊ ǎƘŜŘ ƎŜǘǎ ŀ 5/ Ŧŀǎǘ ŎƘŀǊƎŜǊ ŀǘ ƴƻ Ŏƻǎǘ ǿƘŜƴ ȅƻǳΩǊŜ Ǌeady to get an EV 

ά¢ƘŜ ƳƻƴǘƘƭȅ ŜƴŜǊƎȅ ōƛƭƭ ŦƻǊ Ƴȅ ǎƘŜŘ ƛǎ Řƻǿƴ ŀǊƻǳƴŘ мл҈ ǿƛǘƘ {ƻƭŀƎǊƛΦ LǘΩǎ ǘƘŜ Ƴƻǎǘ ǇǊƻŦƛǘŀōƭŜ ƘŀƭŦ ƘŜŎǘŀǊŜ 

ƻƴ ǘƘŜ ǇǊƻǇŜǊǘȅΦέ - Richard Stalker, Dairy Farmer, Rangiora 

Agrisolar are now in the process of crowdfunding. You can follow their progress on Pledge Me and view 

their Information Memorandum. 

 

2.3.4.14 Energy Democracy (a co-op model) 

Energy Democracy approached Purpose Capital for investment in 2020. They establish locally owned 

renewable energy co-operatives and build, operate and maintain renewable energy parks for the co-ops. 

Energy Democracy claims to exist to democratise the transition to a low carbon economy, helping 

individuals to save power, save money, and save the planet.  

 

2.3.4.15 Harrisons Energy Solutions 

Harrison Energy Solutions are suppliers of Solar residential and commercial systems  

 

2.3.4.16 Reid Technology 

Reid Technology specialises in the design, supply and installation of large-scale solar power systems 

throughout NZ and the Pacific. 

 

2.3.4.17 iGenerate 

iGenerate is Solar supplier, part of the Lightforce family.  

 

2.3.4.18 NZ Solar Professional Directory 

A complete list of SEANZ members who install solar, battery and energy management system technology 

work to a strict SEANZ Code of Conduct can be found here: https://www.seanz.org.nz/directory  

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
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3.0 Key Risks: Assessment & Mitigation 
A comprehensive risk framework for renewable investments from the WEF 

https://impacttoolkit.thegiin.org/renewable-infrastructure-investment-handbook-a-guide-for-

institutional-investors/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


