
The Potential Micro Climate 
Impacts of Large-Scale Solar 
Farms – Implications for 
Planning and Approvals

Bronte Nixon 

Principal Environmental 
Scientist and Planner



2

– The potential micro-climate impacts of solar farms, or

– The potential for solar farms to create a heat-island effect

– Context

– Implications for development approvals and environmental impact 
assessment

– Literature review

– Mitigation

Introduction
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– The world’s first small solar farms –
1980’s, California.

– Development slow until 2004.

– Financial incentives for solar power 
generation introduced in Germany -
leading to development of larger solar 
farms.

– Largest solar farms in the world are 
now in India and China. 

First Solar Farms

1MW Arco Solar – Solar Park, Hesperia, 

California
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World’s Largest Solar Farms

Adani’s 648MW Solar Farm in Kamuthi, Tamil Nadu 

China’s 850MW Langyangxia Dam Solar Park (27km2)

Desert Sunlight 550MW  Solar Farm, California

Datong County, China

Tengger Desert Solar Park, China - 1,500MW - 3.2% of entire desert
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Best-practice principles for achieving improved outcomes in Australia:

– Purposive: EIA should aim to improve environmental outcomes

– Cost-effective: EIA benefits should be at least cost to stakeholders

– High level: EIA should be undertaken at the highest policy and planning level, rather than project level

– Integrated: EIA should be integrated with other regulatory processes

– Focused: EIA should employ a risk-based approach

– Certain: EIA should provide certainty in all aspects of requirement and outcome

– Timely: EIA should be conducted in a timely manner

– Flexible: EIA should have sufficient flexibility to assess different projects and issues

– Participative: EIA should include requirements for engaging with all stakeholders; including the community

– Transparent: EIA should ensure that proponents and stakeholders have access to information and decision-making

– Consistent: EIA should require and promote consistency across and within jurisdictions

– Adaptive: EIA should promote adaptive environmental management

– Precautionary: EIA should promote and implement the precautionary principle (from Macintosh 2010)

EIA Consistency
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– Best-practice EIA advocates for consistency across and within jurisdictions - important for those issues 
for which there is a lack of understanding. 

– Consistency applies to: 

– Approach and methodology 

– The application of EIA across similar projects 

– Assessment procedures 

– Mitigation

– Decision-making.

– This applies to national and cross-jurisdictional decision-making; particularly where different approval 
authorities are involved.

– Large-scale solar farms may create a heat-island affect, which could heat up the local micro-climate: 

– What about where a solar farm is developed in an area of high-value and sensitive agricultural production? 

– What about where several solar farms are proposed for an area of high-value agricultural production? 

– What if these projects are subject to several different approval authorities?

The Importance of EIA Consistency
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Australia does not have national guidelines that govern the development of large-scale solar farms. 
Most states of Australia have only recently prepared state guidelines. 

– The Guide to Commercial Scale Solar Development in South Australia (SA)

– Draft Solar Energy Facilities Design and Development Guidelines (Vic)

– Large-Scale Solar Energy Guideline for State Significant Development (NSW)

– Queensland Solar Farm Guidelines (QLD)

Solar Farm Guidelines
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• Australia sees some industries heavily regulated (e.g. mining), whilst others are not (e.g. 
solar).

• Environmental impacts and planning approval requirements of energy infrastructure 
projects in Australia tend to be assessed primarily at the State or Territory level.

• In some states, solar energy infrastructure projects may even be assessed by local councils.

• Approval pathways and EIA requirements therefore differ for large-scale solar 
developments in different jurisdictions 

• For example, assessment and approval processes required in New South Wales, may 
not be the same as those required in South Australia. 

• What might be required in one region of a state (such as Victoria or Queensland), 
might not be required in the adjoining region.

Solar Farm Regulation
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The Importance of EIA Consistency
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– “State Seeks to Hose Down Heat on Solar Farms” 2018

– “Shepparton Solar Farm Ire” 2018

– “Solar Farm Threat to Goulburn Valley Orchards” 2017

– “Solar Farm Threat to Fruit” 2017

– “Large Power Plants Increase Local Temperatures” 2016

– “The Photovoltaic Heat Island Effect: Larger Solar Power Plants Increase Local Temperatures” 2016

– “Researchers Discover Solar Heat Island Effect Caused by Large-Scale Solar Power Plants” 2016

– “Surprising Study Finds that Solar Energy Can Also Cause Climate Change (A Little)” 2015

Solar Farms and Micro-Climate Issues in the Media
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– Solar panels are made of dark-coloured glass and cover large areas of land; therefore they 
potentially alter the solar reflectivity (albedo) of the ground surface.

– Generally, dark surfaces have a low albedo and light surfaces have a high albedo. 

– The heat-island affect has traditionally been referred to in an urban context - the concept is 
now being considered in relation to the potential of large-scale soar farms to heat up an area or 
‘micro-climate’.

– Very little information on this topic exists.

Micro-Climate Impacts

The potential heat-island effect of solar farms. From Barron-Gafford et al 2016
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Literature Review
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The Photovoltaic Heat Island Effect: Larger Solar Power 
Plants Increase Local Temperatures (Barron-Gafford et al 
2016)

– Monitored temperatures at three sites within and 
near a solar farm in Arizona:

1. A PV Solar Farm

2. A carpark surrounded by buildings

3. A natural ecosystem of desert vegetation

– Temperatures over the solar farm were found to be 3 
– 4 degrees warmer than ambient temperatures at 
night.

– In a natural ecosystem, vegetation reduces heat gain 
and storage in soils. The energy absorbed by soils 
and vegetation is later released through 
evapotranspiration.

– Solar farms induce a landscape change that reduce 
albedo.

– Similar affect at the nearby car park.

Findings from the Literature
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Analysis of the Potential for a Heat Island Effect in Large 
Solar Farms (Fthenakis and Yu 2013)

– Measured temperatures: 

– At 2.5 metres above a solar farm in Canada.

– At several points up to a distance of 800 metres 
outside of the solar farm.

– Average air temperatures in the centre of the solar farm 
were 1.9 degrees warmer than ambient.

– Heating effect was found to dissipate: 

– Several metres above the solar farm.

– Progressively; with distance away from the solar 
farm.

– At 300 metres away from the solar farm; 
temperatures were 0.3 degrees warmer than ambient.

– Access roads within and around the solar farm helped 
reduce temperature increases.

Findings from the Literature
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Climate Model Shows Large-Scale Wind and Solar 
Farms in the Sahara Increase Rain and Vegetation 
(Li et al 2018)

– Studied the climate impacts of large-scale 
wind and solar farms installed in the world’s 
largest deserts.

– Solare panels found to directly reduce surface 
albedo, resulting in a warming effect.

– Modelling also showed an increase in 
precipitation.

– Results were dependant on background 
environment albedo.

Findings from the Literature
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Study on the Local Climatic Effects of Large 
Photovoltaic Solar Farms in Desert Areas 
(Yang et al 2017)

– Studied the impact of large solar farms in 
desert regions of China.

– Soil temperatures at depth of 5 – 10 cm 
were found to be cooler in the area with a 
solar farm.

– Air temperatures at a height of 2 metres 
above the solar farm were 0.7 degrees 
hotter in summer, but the same as ambient 
in winter.

– Mean daily albedo at solar farm sites was 
0.19.

– Mean daily albedo of surrounding desert 
was 0.26.

– Solar panels may exhibit a heat-
preservation affect near the ground.

Findings from the Literature
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Potential Impacts of Solar Arrays on Regional 
Climate and on Array Efficiency (Nguyen et al 2017)

– Eighty sensitivity experiments for twenty 
massive hypothetical solar arrays of 250,000 
km2.

– Different array orientations, and at different 
locations across Australia.

– Potential changes to local climate from the 
introduction of solar arrays is dependent on 
background climatic conditions and orographic 
features.

– Up-wind, there may be some climatic warming 
experienced, which could lead to a slight 
increase in the night-time minimum 
temperature.

– Down-wind, a slight cooling affect was noted.

– Regions down-wind of the arrays may 
experience stronger wind flows.

– For Massive, hypothetical scenarios.

Findings from the Literature
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Solar Park Microclimate and Vegetation 
Management Effects on Grassland Carbon Cycling 
(Armstrong et al 2016)

– Studied an operating solar farm in the south of 
England for over 12 months by comparing 
temperatures under the panels with control 
areas.

– Temperatures under the panels were found to 
be 5.2 degrees Celsius cooler during the 
summer.

– In winter, soil temperatures were found to be 
1.7 degrees Celsius warmer.

– No changes noted outside of the solar farm.

Findings from the Literature
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– Temperatures in the centre of a solar farm are slightly higher than ambient.

– Temperatures return to ambient several metres above a solar farm.

– Temperatures are slightly warmer directly adjacent a solar farm. 

– Temperatures gradually return to ambient with distance away from the solar farm.

– Air temperatures at ground level underneath panels may be slightly cooler during summer 
months.

– Air temperatures directly above solar arrays may be slightly warmer at night and during 
warmer months.

Patterns in the Findings
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– Trees and parks reduce local temperatures.

– Trees that have a high leaf area density and a high rate of 
transpiration are the most effective at cooling the 
environment. 

– The cooling effect of parks and vegetated areas is determined 
by species group, canopy cover, size and shape of the 
vegetated area. 

– Heat-island mitigation studies have found that temperatures 
decrease with every percentage increase in tree canopy cover. 

– Eucalyptus, Acacia, and Olea species are effective at cooling 
the local environment.

– Not a common practice in Australia to have solar farms 
screened with vegetation.

– But vegetated buffer areas could potentially mitigate against 
community concerns of micro-climate impacts.

– Subject to CFS clearance requirements.

– Would this be acceptable to the industry? Would this work? 
What would be the challenges?

Potential Mitigation of the Heat Island Effect of Solar 
Farms?

sPower 340MW Solar Farm approved for Virginia, North America

Borrego Solar, North America – Pollinator Habitat program for solar farms.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiB76vfkZbiAhVVinAKHcDKCdMQjRx6BAgBEAU&url=https://www.borregosolar.com/blog/environmental-approach-to-ground-mounted-solar-farms&psig=AOvVaw3sa8opvR9WAVY3-6q4tbiO&ust=1557754869894936
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The following high-level concepts are worth further consideration:

– Updating existing solar farm site-selection factors to mitigate for the potential micro-
climate impacts of solar farms.

– Investigating the use of treated buffer-areas around solar arrays and undertaking 
modelling to ensure that buffer treatments do not impact upon the operating 
efficiency of the solar farm through shading, or inhibit air flow.

– Investigating the value, applicability and statutory capacity for comprehensive and 
integrated national solar farm guidelines in Australia, which advocate for consistency 
in EIA.

Recommendations
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