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Chinese Manufactured PV Solar Panels Increase GHG Emissions  
or Will the  embedded GHG emissions in Chinese manufactured solar panels ever be offset? 
 

Summary 

Currently  about 90% of all PV solar panels imported into Australia are manufactured in China. It is 

therefore relevant to understand how much carbon dioxide equivalents (CO2e) are embedded in 

Chinese made panels. Good data is available for PV solar panels manufactured in France but little 

data is available for panels made in China. 

Save Our Surroundings (SOS)  has developed a methodology that compares French made panels to 

Chinese made panels in terms of the time it takes to produce enough electricity to offset the 

embedded CO2e in each panel. 

The payback period for offsetting embedded CO2e in PV solar panels made in France is 1.5 - 2.5 

years. The payback period for offsetting embedded CO2e in PV solar panels made in China is 8.6 - 

14.3 years. The range of the payback periods results from the latitude at which the panels are 

installed. 

This significant difference in payback periods has substantial implications for the "clean" claims of 

proponents of industrial PV solar electricity generating works that install panels made in China. 

The total embedded CO2e of industrial PV solar works is all up front, unlike fossil fuel CO2e 

emissions, which are released slowly over a 50 years or more life-time. Thus, from where PV solar 

panels are sourced is vital to achieving global CO2e reductions. Solar panels, and other components, 

sourced from China will increase global CO2 emissions. This is counter to the objectives of our 

Australian governments to reduce greenhouse gas emissions. 

The evaluation of all industrial PV solar works proposals must include assessment of the likelihood 
that the project will actually substantially increase CO2e emissions that may never be offset over its 
operational life-time and upon decommissioning, disposal and land rehabilitation. 
 
A moratorium must be called on installing anymore solar works projects in Australia until a thorough 

understanding of the true impact on global emissions from PV solar panels are known. 

Background 

 There are many types of photovoltaic (PV) solar panels, all of which require substantial 

quantities of energy to produce, especially the silicon (Si) ingots from which silicon-wafers 

are made. [1] 

 

 Si-wafer- based PV technology accounted for more than 95% of the total production in 2021. 

The share of mono-crystalline technology is about 84%, and growing, of total c-Si 

production. Multi-silicon PV panels accounted for 11% and thin film 5%. [2] 
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 Fifty percent of a silicon ingot is lost when being cut into wafers for mono-crystalline solar 

panels. This loss is excluded from embedded CO2e in solar panels. [1] 

 

 The research that has been done suggests an Industrial PV solar electricity generating works 

takes ten years or more of electricity generation to offset its energy consumed in its 

construction, [p] but this was based on the use of mainly European or American 

manufactured panels [p] ??? 

 

 Recent research suggests even the standard greenhouse gas emissions (carbon dioxide 

equivalents or CO2e) figures for PV solar panels quoted by the IPCC and IEA are understated 

by a factor of at least three. [5] 

 

 Europe (1%) and North America (3%) only manufactured about 4% of the world's PV solar 

panels in 2021. Asia is now increasingly the primary source of PV solar panels, with China 

providing at least 80% of all PV solar panels.[2] 

 

 90% or more of PV solar panels (industrial and rooftop) imported into Australia are 

manufactured in China. [6] 

 

 French legislation requires solar panels manufactured in France to specify the carbon 

footprint (embedded carbon dioxide equivalents or CO2e)payback period of the solar panel. 

[7] 

 

 Dualsun, a French company that manufacturers PV solar panels in France, has stated that its 

PV solar panels, excluding the aluminium frame, have a payback period of 1.5 - 2.5 years 

depending on whether it is installed in Spain or Northern Europe, which is "very good, 

among the best in the world" it says. [8] 

 

 The latitude of Southern Spain (37) in the Northern hemisphere is similar to that in the 

Southern hemisphere of Victoria (-38)  and South Australia (-35). Gulgong NSW (-32) in the 

Central West Renewable Energy Zone is a similar latitude to Dallas Texas (32). 

 

 The aluminium frame of a Dualsun 2.1m by 1.1m, 26kg, ECS value 510kg CO2/KWc-e, FLASH 

500W PERC monocrystalline PV solar panel weighs about 2 kilograms with an embedded 

CO2e emissions of 16.2kg, which brings the total CO2e embedded in the 500W framed panel 

to 271.2kg. [9] 

 

 France's power generation mix in 2022 was 11% fossil fuel electricity production. [10] 

 

 China's power generation mix in 2022 was 63% fossil fuel electricity production. [11]. By 

comparison, Australia's NEM grid was 66.6% fossil fuels generation at 30/06/23. [12] 
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 Little information exists on Chinese manufactured PV solar panels and their carbon 

footprint. [5] 

 

 China is by far the biggest emitter of greenhouse gases and currently generates about 31%  

of human-induced emissions, which is growing each year. [14] 

 

 The CO2e emissions embedded in Chinese manufactured PV solar panels is therefore of 

great importance to our understanding of the CO2e payback period and whether they aid or 

hinder Australia's target of net zero emissions by 2050. 

 

 The claimed life of an industrial PV solar works is usually about 20 - 25 years with a US study 

arriving at 21 years average economic life for decommissioned solar works. [4] 

 

 PV solar panels have efficiencies ranging from 6% to the mid 20s% ex factory. [1] However,  

this efficiency drops by 2% on installation and declines linearly from 98% to 84.5% over 25 

years. This will increase the payback period to offset the embedded CO2 in the panel. [14] 

 

 Apart from a PV solar panel's degradation with age it also drops about 0.5% in efficiency per 

degree as temperatures rise above 25 degrees Celsius. This will increase the payback period 

to offset the embedded CO2 in the panel. [1] 

 

 Save Our Surroundings has developed a methodology as presented below to determine a 

payback period for PV solar panels manufactured in China by using a French made solar 

panel as the base case and then relating  the relative fossil fuel power generation of France 

and China in full year 2022. 

 

The method 

Inputs:  

 Dualsun's payback periods of 1.5 - 2.5 years for a monochrystalline panel .[8] 

 France's 11% power generation from fossil fuels in 2022. [10] 

 China's 63% power generation from fossil fuels in 2022. [11] 

Assumptions: 

 The solar panel is of the same type and manufacturing process in both France and China.  
 

 The energy input is the same with the only difference being the proportion of the energy 
generated from fossil fuels in each country. 
 

 No aluminium frame is included. 
 

 No loss of the 50% of a silicon ingot is attributed to a PV solar panel i.e. the embedded CO2e 
of the lost ingot material is not included in the CO2e footprint of a PV solar panel. 
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 The payback period only relates to the solar panel before framing, packing and shipping from 
the factory. 
 

 No allowance for the 0.5 - 0.8% annual decline in efficiency of installed PV solar panels or the 
reduced output due to temperature, weather or fire damage, maintenance downtime, etc. 
which reduces electricity production over time. [p] 
 

 No allowance for all the embedded CO2e in the other necessary components, infrastructure 
and services needed before commissioning of a PV solar works can occur. 
  

 Little change is expected in the power generation mixes of France and China in the next 
decade or two. However, France has announced it will be building more nuclear power 
plants and China has indicated it will continue to rapidly increase adding coal-fired power 
plants. [p] 
 

 No consideration of the non-equivalence of Solar Works capacity compared with base-load 
power plants. For example, a 200MW nameplate capacity Solar Works is equivalent to a 
28MW base-load plant in terms of life-time electricity generation. SOS has developed a 
formula where Capacity equivalence Ce = solar works (capacity X capacity factor X  claimed 
life)/ base-load (capacity factor X  economic life). e.g. for a 200MW solar (or wind) works Ce 
= (200 x 25% x 25 years)/ (90% x 50 years) = 27.8MW. Ce will be even lower if solar panel 
degradation, solar works likely economic life and intermittency were taken into account. 
 

Calculation of CO2e Payback of Chinese made solar panels: 

 Formula: France's payback years multiplied by (China's fossil fuel percentage divided by 

France's fossil fuel percentage) 

 Ex-factory payback case 1.5 years: 1.5 x (63%/11%) = 1.5 x 5.727 = 8.6 years 

 Ex-factory payback case 2.5 years: 2.5 x (63%/11%) = 2.5 x 5.727 = 14.3 years 

 Ex-factory average payback case 2.0 years: 2.0 x (63%/11%) = 2.0 x 5.727 = 11.6 years 

 

Conclusion 

 Just the PV solar panels made in China before leaving the factory have upfront embedded 

CO2e (carbon footprint or embedded greenhouse gas emissions) of between 8.6 years case 

and 14.3 years case, based on 2022 energy generation mixes of France and China. This is a 

significant result. In addition, very substantial embedded CO2e emissions will occur in up to 

commissioning a solar works project. Not just the PV solar panel payback but all the 

embedded CO2e in the rest of the project must be offset from the electricity generated by  

only the solar panels. This is unlikely to occur. 

 

 The claimed life of an industrial PV solar works is about 20 - 25 years with a US study arriving 

at 21 years average economic life for decommissioned solar works. Therefore, it is unlikely 

when all embedded CO2e is fully accounted for at the time of commissioning of an industrial 

PV solar works can ever be offset, especially as Australia's fossil fuel electricity generating 

plant fleet output is falling.  Lower fossil fuel output results in longer payback times for each 
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new solar and wind works project. 

 

 The total embedded CO2e of industrial PV solar works is all up front, unlike fossil fuel CO2e 

emissions, which are released slowly over a 50 years or more life-time. Thus, from where PV 

solar panels are sourced is vital to achieving global CO2e reductions. Solar panels, and other 

components, sourced from China will increase global CO2 emissions. This is counter to the 

objectives of our Australian governments to reduce greenhouse emissions. 

 

 The evaluation of all industrial PV solar works proposals must include assessment of the 

likelihood that the project will actually substantially increase CO2e emissions that may never 

be offset over its operational life-time and upon decommissioning, disposal and land 

rehabilitation. 

 

 A moratorium must be called on installing anymore solar works projects in Australia until a 

thorough understanding of the true impact on global emissions from PV solar panels are 

known. Comparisons must be made against the modern alternatives of High efficiency Low 

Emissions (HELE), Combined Cycle Gas Turbine (CCGT) and nuclear power plants, including 

small nuclear reactors (SMR). 
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Save Our Surroundings (SOS) submission to the IPCN on the Wallaroo Solar Works and 

BESS proposals, SSD-9261283 

Save Our Surroundings opposes consent of this proposed project on numerous grounds which make 

it 'not fit for purpose'. That is, it does not satisfy the key assessment considerations stated by the 

DPHI in its Assessment report. These considerations being "...energy security, land use compatibility, 

transport, social and visual amenity." 

In addition, the project and recommendations ignore a huge number of relevant negative issues that 

this project would create, but which the Assessment Report largely or completely ignores, such as:  

 increased emissions;  

 increased power prices for consumers;  

 a change the character of the landscape;  

 degradation of the land; 

 a breach of the Paris Agreement;  

 wildlife impacts; 

 increased fire risks;  

 facilitation of the use of slave labour;  

 decreased grid stability;  

 excessive material requirements; 

 increase in grid vulnerability;  

 not having social licence or community consent to proceed; 

 inconsistency with similar projects; 

 a poor use of resources; 

 huge amounts of waste; 

 low Australian content; 

 the extent of subsidies provided; 

 end of life impacts 

 ignoring real life experiences with existing similar projects; 

 negative cumulative impacts.   

The above will be addressed in this submission, but first a simple factual example, which is one of 

many, taken from the AEMO's website dashboard and provided by John Moore on change.org. 

On 4th June 2024 at the peak demand period for power from the NEM grid only 1% was generated 

by solar, wind, and batteries, which are well over 32% of the capacity of the National Energy Market 

(NEM). So much for the AEMO's claim that "a mix of solar and wind is needed, and they offer 

complimentary daily and seasonal profiles." 

 



SOS submission to the IPCN on the Wallaroo Solar Works and BESS proposals 

2 
 

 

On the 4th June 2024 from 5.50pm EST to 9:05pm EST, South Australia, which has over 60% wind 

and solar capacity and big batteries, went from providing energy from batteries 6%, solar 0% and 

wind 2% to zero supply from its "renewables" capacity in under three hours! 

 

How much more evidence does the DPHI and the IPCN need to reject the applicant's erroneous 

claims, and repeated by the DPHI, that the project will: 

 replace the output of retiring coal-fired power stations (non-equivalence of capacities)  

 increase the reliability of the grid (exact opposite, no power at times, unreliable source) 

 provide cheaper electricity (zero electricity cost nothing, prices have risen world-wide) 
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 provide energy security (intermittent weather dependent can never by secure, nor can 

sourcing most of the components from one unreliable source) 

 be in the public interest (e.g. increased cost of energy, business failures, companies moving 

overseas, $b increased government debt and interest costs from subsidies, net job losses; 

increased emissions, intergenerational inequality, social upheaval, reduced food production, 

environmental damage). 

But even more factual evidence is available, most of it from experts in their field. The IPC panel 

heard some of these experts at the Wallaroo public meeting held on 18th July 2024. Yet neither the 

DPHI or the Applicant responded to those presentations. Their summing up just ignored every 

speaker, just as they repeatedly ignore factual objecting submissions, except for their preferred few 

topics for which they have stock answers and conditions ready. 

Each negative point referred to earlier is only presented in brief form in table 1 below. They are not 

all the issues that we could have included. There are many research papers, scientific papers, books, 

documentaries, manufacturer's specifications and documents, government information, legal cases, 

media articles, data from applicants, etc. to support these negative impacts.  

Our concerns are that the DPHI and the IPCN are still too inexperienced in assessing solar, wind and 

BESS proposals and just rely far too heavily on the marketing statements of the Applicants, even 

when misleading statements are made and obvious errors, inconsistencies and omissions occur. One 

DPIE Project Contact once told SOS that they do not have the resources to investigate claims 

contained in objecting submissions. This shows a serious flaw in the planning evaluation and 

approval process. The lack of analysis and comparisons by the now DPHI is unacceptable given the 

importance of energy to all Australians and the negative consequences of their recommendations. 

Table 1 Summary of some of the unsatisfactorily addressed negative issues 

# Issue Points Comment 

1 increased 
emissions 

Embedded GHG upfront; ignores long payback 
time of just the panels let alone all the direct & 
indirect emissions from supporting infrastructure; 
use of fossil fuels from grid use; emissions from 
maintenance operations; vegetation removal & 
burn offs; no substantiation of CO2e reduction 
claims, project output or claimed economic life; 
Australia's total anthropogenic emissions 
reductions will have negligible effect on climate. 

SOS papers previously 
supplied to IPCN. 
Australia's GHG emissions 
are about 1% of the 3% of 
anthropogenic 
contribution to the global 
atmosphere. 2017 Chief 
Scientist statement to 
senate enquiry.  

2 increased power 
prices for 
consumers 

Solar works are idle at least 75% of their short 
lifetime; actual consumer power prices have 
outstripped CPI for a decade; no jurisdiction in the 
world with over 30% of wind & solar have cheap 
electricity; 61% increase in small business failures 
already in 2024; massive increase in consumers 
unable to pay their electricity bills. 

Actual capacity factors & 
degradation rates. SA has 
Australia's highest power 
prices with 60% 
renewables capacity; gov't 
handouts to compensate 
for failed achievement of 
actual reductions 

3 a change the 
character of the 
landscape 

Rural character reduced; A BESS is not an 
approved structure on RU1 land as it not an 
electricity generation works; cumulative impacts 
of closeness of similar projects; DPEI dismisses 
impact on landscape character 

Land & Environment Court 
ruling on Burrundulla Solar 
& definition of visual 
amenity vs landscape 
character 
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# Issue Points Comment 

4 degradation of the 
land 

Erosion; soil contamination; soil salinity increased; 
increased compaction; water diversion to 
neighbours; no soil improvement activities 

Per expert & land holder 
presentations at IPC public 
meeting. Solar panels are 
e-waste in Victoria & EU 

5 a breach of the 
Paris Agreement 

Food production should not be impacted; 
proposed sheep grazing is not a significant offset 
to lost production of the original site; "Article 
2.1(b)... in a manner that does not threaten food 
production;" 

A presentation at IPCN 
public meeting.  

6 wildlife impacts Fully fenced site hindering wildlife movement, 
foraging, etc.; elimination of dams; koalas & other 
animals threatened as noise (from construction & 
operation) is known to drive fauna away from 
traditional habitats  

CSIRO research papers re 
impact of noise on animals 

7 increased fire risks Solar work & BESS fires already in Australia; site 
has had some of the worst fires in the region; 
2017 fire destroyed 35 homes, 5000 livestock, 
untold wildlife & burnt  500km2 

SOS papers previously 
supplied to IPCN. A 
presentation at IPCN 
meeting 

8 facilitation of the 
use of slave labour 

Most components are made in China and slave 
labour is largely involved in China & the DRC. Over 
90% of PV solar panels and most of a BESS is made 
in China. 

Expert presentation at IPC 
meeting. SOS papers 
previously supplied to 
IPCN. 

9 decreased grid 
stability 

The NEM has become more & more unstable as 
more wind & solar works are added to the grid; 
AEMO increased use of emergency powers to curb 
demand; NEM is already very near the tipping 
point when blackouts will be unavoidable 

AEMO statements; NSW 
Gov't extending life of 
Eraring; AEMO dashboard 
(e.g. for 4/6/24) 

10 excessive material 
requirements 

The life-time weight of materials per MWh 
generated  for just the solar panels and steel 
supports far exceeds that of a fully functioning 
modern lower emissions HELE, CGCT & nuclear 
power plant 

SOS papers previously 
supplied to IPCN 

11 increase in grid 
vulnerability 

Fires, hail damage, heavy rain & lightning strikes 
have reduced the output of solar works; 
component failures & inability to regulate output 
have restricted some solar works. Extreme 
temperature fluctuations such as across the 
region (-5C to high 40C) impacts efficiency of solar 
panels and batteries; crowding of so many solar & 
wind works into REZ's will potentially knock out 
multiple works when a big disaster ultimately 
occurs. 

Not just weather 
dependent but weather 
vulnerable. 

12 not having social 
licence or 
community 
consent to proceed 

Over 96% objections from the communities for 
the proposal. Nearly all such proposals across 
Australia have had similar results.  

Why are the impacted 
people being ignored? 

13 inconsistency with 
similar projects 

Proposed PV solar & BESS projects using the same 
technology to produce a single standard product 
(AC electricity) have widely varying lives, outputs, 
footprints, vehicle movements, emission 
reductions yet no apparent comparisons are made 
or required.  

Every project has 
unjustified claims, which 
SOS & others often 
challenges  to no effect. 

14 a poor use of 
resources 

Compared to modern alternatives the massive 
footprint per MW of capacity and huge amount of 
land & materials consumed and wasted to 

SOS papers previously 
supplied to IPCN 



SOS submission to the IPCN on the Wallaroo Solar Works and BESS proposals 

5 
 

# Issue Points Comment 
produce a MWh of energy is unsustainable; the 
billions of dollars in subsidies & other benefits to 
solar and wind developers increases the debts of 
governments and places a great burden on future 
generations; reduction in food production will 
impact current &  future generations, both in 
Australia and overseas consumers of our produce. 

15 huge amounts of 
waste 

Hundreds of thousands of solar panels & 
hundreds of tonnes of batteries  -  the waste from 
this project will be significant from start to finish 
let alone the cumulative waste of multiple 
projects & an influx of out of town construction 
workers within kms of the small local town. 

Virtually no local 
employment involved but 
local jobs will be lost. IPA 
report. 

16 low Australian 
content 

The Australian content of these massively 
expensive projects, which sit idle most of their 
life, has been estimated at between 12 and 15% 

NREL report. SOS papers 
previously supplied to 
IPCN 

17 the extent of 
subsidies provided 

No skin in the game then no responsibility; the 
applicant gladly takes the taxpayers' money 
through subsidies & higher electricity prices but 
has no willingness to post a bond for when 
decommissioning, rehabilitation & disposal occurs 
in a couple of decades. 

SOS papers previously 
supplied to IPCN. Recent 
estimate is already $15.6 
billion pa and growing. 

18 End of life impacts Unclear who is actually responsible for 
decommissioning, land rehabilitation & disposal of 
the waste; potential the then operator of the solar 
works, the host landholders or ratepayers, if the 
land is contaminated. 

Confidential agreements 
hide responsibilities. NSW 
EPA law places ultimate 
cleanup on the local 
authority (e.g. Council) 

19 ignoring real life 
experiences with 
existing similar 
projects 

Lack of screening, road damage; vehicle accidents; 
fires; visual impact even at 8 - 10kms or more; 
lack of response from authorities; flooding; 
erosion; natural damage; loss of value of solar 
works; failure of works to achieve originally 
claimed output. Output degradation. 

Presentations at IPC public 
meeting. SOS and others 
submissions. 

20 negative 
cumulative impacts 

All of the proceeding multiple times plus others as 
projects accumulate in a condensed areas within 
and outside REZs. 

 

 

Conclusion 

The project in not fit for purpose and should not be consented to by the IPCN. No number of 

mitigations required of the Applicant can satisfactorily address  the all these very significant short-

comings of this project. Mitigation is not elimination! Cumulatively the negatives are prohibitive. 

If the IPCN consents to this project they must justify their decision by actually addressing the issues 

and evidence provided by all the people opposing the project and stating why such evidence was 

dismissed . 

Regards 
Save Our Surroundings (SOS) 
 
Attachments:  SOS - CO2 in Chinese panels 231205 V1 
  SOS - Wind and Solar Resource Requirements are Unsustainable V2 
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Wind and Solar Works Resource Requirements are Unsustainable 

Summary 
This paper by Save Our Surroundings (SOS)highlights the extent of resources required by various 
types of electricity generation. It considers the comparisons from the same stated nameplate 
capacity (e.g. 400MW) but more importantly from equivalent electricity generation over a 60 year 
time period, which is a much better assessment of resource requirements. 
 
An overseas study by Sovacool (2010, 2020) of the tons of materials required, based on a capacity of 
one gigawatt (GWe), for installed industrial wind, solar and nuclear plants concluded that solar 
(169,363t) and wind (410,530t) required 0.78 and 1.89 times more materials respectively than does 
a nuclear plant (217,101t). Current proposed solar and wind works are more recent and much larger 
in Australia than in the Sovacool study. 
 
SOS has assessed the  tonnes of materials required based on actual results derived from Australian 
installed or proposed projects for rooftop solar, industrial solar and wind, High Efficiency Low 
Emissions (HELE) and Combined Cycle Gas Turbine with Carbon Capture and Storage (CCGT-CCS). The 
Nuclear plant figures are from the Sovacool study. 
 
When compared to the same 400MW capacity HELE power plant, just the average materials 
requirements for installed industrial solar and industrial wind electricity generating works are 1.2 
times and 2.8 times respectively more than for an installed HELE plant (refer to Table 1). However, 
capacities of solar and wind works are in no way equivalent to base-load power plants.  
 
All generator types output a single product - alternating current electricity. SOS puts forward a 
superior method to just capacity comparison that is based on output equivalence over a given time-
frame. While the methodology used grossly understates the materials required by industrial solar 
and wind works it still exposes a massive resources demand difference just for the basic components 
when compared to fully installed and operating HELE and Nuclear plants. 
 
SOS chose to compare industrial solar and wind works with HELE and Nuclear works as the latter are 
being installed in increasing numbers globally and are 24/7 base-load electricity generation plants. 
When compared to the same electricity output over 60 years of an installed HELE plant, just the 
average materials requirements for industrial solar and wind electricity generating works (average) 
are 3.8 times and 7.8 times respectively more than for the same electricity output of a HELE plant 
(refer Table 2). 
 
Stubbo Solar (NSW), Wind Works 1 (Bowmans Creek NSW) and Wind Works 2 (Winterbourne NSW), 
which only include the solar panels and steel supports for Stubbo, and Wind Turbines and the 
concrete bases for the wind works, provide an Australian context. The results for two wind works, 
based on information included in their Environmental Impact Statements (EIS,) are 5.0 and 8.1 times 
more tonnes of materials than for the same output of an old supercritical HELE (Kogan Creek, Qld). 
Stubbo Solar Works is 3.1 times more materials than for the HELE. 
 
The very significant additional materials and land requirements of solar and wind technologies has 
very serious implications for the global and local environments. More mining of a wider variety of 
minerals, more toxic processing, more manufacturing, more sea and land transportation, more land 
clearing, more land withdrawn from original use, more construction, more impacts on wildlife, more 
waste disposal, and more frequent replacement are all leading to greater destruction of local 
environments and more creation of greenhouse gases. In addition, energy security and national  
security are significantly diminished. This unsustainable! 
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The capacity equivalence (Ce) of solar and wind electricity generating works compared to a 400MW 
HELE is 56.6MW for solar and 53.5MW for wind. That is, to match the electricity output of a 400MW 
HELE plant at least seven or more 400MW wind and solar works have to be built as well their 
required high voltage, energy storage and other infrastructure. This unsustainable! 

 
 
1. Comparisons based on Capacity 
The 400MW Stubbo Solar Works currently under construction near Gulgong in the NSW Central 
West Orana Renewable Energy Zone (CWO REZ) was evaluated against actual and published figures 
for Industrial Solar (average), Rooftop Solar (actual in the CWO REZ), Wind Turbines (average), High 
Efficiency Low Emissions (HELE) coal fired plant (actual), Combined Cycle Gas Turbine with Carbon 
Capture and Storage (CCGT-CCS) plant (proposed) and, a nuclear power plant (average). The Stubbo 
solar works result aligned well with the industrial solar averages. The results are summarised in 
Table 1. 
 

Table 1: 400W capacity generators material requirements over 60 years 
   

Generator Type 
Land 

Req'ts 
Ha 

Capacity 
Factor 

% 

Output 
MWh/Year 

Availability 
Material 

Req't 
Tonnes# 

Expected 
Life 

Years 

Energy 
in/out 

Payback 
% 

Materials 
Over 60 
Years t 

Stubbo Solar EIS^ 1772 25.2 883,008 Daylight Hrs 73,400 30 60 146,800 

Industrial Solar (ave) 1280 25.5 893,520 Daylight Hrs 61,457 25 60 184,371 

Rooftop Solar (CW) 0 24.5 858,480 Daylight Hrs 13,550 25 >60 40,650 

Wind Works (ave) 10,160 30.1 1,054,704 
Wind 
dependent 148,970 20 290 446,910 

Wind Works 1 EIS^^ 12,734 34.2 1,176,471 
Wind 
dependent 158,472 30 NA 316,944 

Wind Works 2 
EIS^^^ 19,905 35.0 1,226,190 

Wind 
dependent 178,534 25 NA 535,602 

HELE (Qld) 30 82.3 2,915,328 24hrs/7days < 78780 50 3,000 157,560 

CCGT-CCS (NSW) 146 90 3,153,600 24hrs/7days < 78780 25 3,000 236,340 

Nuclear (average) 169 91.3 3,199,152 24hrs/7days 78,780 60 7,400 78,780 

* Ratios were used to bring to all types to 400MW capacity level 
* ^Stubbo NSW estimated by SOS: 16,000T (25kg x 800,000) solar panels, 53,400T steel (40kg/m x 5m lengths 
X 133,500 piles plus 133,500 cross members) but no allowance for concrete, inverters, wiring, etc. 
* no BESS included 
* Rooftop solar from CWO REZ resident 
* ^^WW1 = Bowmans Creek NSW; 60WTG x 5.6MW (at 2232t total each turbine & 600m3 concrete base) 
=336MW; 71WTG = 398MW & 158,472 tonnes 
* ^^^WW2 = Winterbourne NSW; 119WTG x 6MW (at 2665t total each turbine & 750m3 average concrete 
base) = 714MW; 67WTG = 402MW and 178,534 tonnes 
* HELE = Kogan Creek Qld supercritical 750MW commissioned 2007; assumed weight as for nuclear plant 
* CGCT-CCS = AGL proposed Newcastle NSW 250MW dual fuel; assumed weight as for nuclear plant 
* Nuclear from Sovacool study 1000MW; design life of 60 years from UK Hinkley C project 
* Average hectares for solar based on developers' published figures for Beryl, Gulgong, Stubbo and Wellington solar works 

* Average hectares for wind based on developers' published figures for Coopers Gap, Bodangora, Hornsdale & Sovacool 
* Materials averages from sciencedirect.com "global environmental change Vol 60 Article 102028 table 1" 
* 30/6/20 M Shellenberger "Apocalypse Never" p192 for energy in/out payback 
 

 
One of the major drawbacks of this analysis is that there is no consideration of the non-equivalence 
of Solar Works or Wind Works capacity compared with base-load power plants. 
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SOS has developed a basic indicative formula where Capacity equivalence Ce = generator type 
(capacity X capacity factor X  claimed life)/ base-load (capacity factor X  economic life). e.g. for a 
400MW solar works generator Ce = (400 x 25% x 25 years)/ (90% x 50 years) = 55.6MWe or seven 
times less than the 400MW HELE plant. Solar Ce will be even lower if solar panel degradation, solar 
works likely economic life and intermittency were taken into account. But that is for Mathematicians 
to work out. 
 
The Ce for a 400MW Wind Turbine electricity generation is Ce = (400 x 30.1% x 20 years)/(90% x 50 
years) = 53.5MWe or greater than seven times less than the 400MW HELE plant. Wind Ce will be 
even lower if wind turbine degradation, wind works likely economic life and intermittency were 
taken into account. But that is for Mathematicians to work out. 
 
An alternate view of resource demands of each electricity generation type is by equating total 
alternating current electricity produced over a period to the initial material resources required to 
create the power plant. The next section provides an analysis using the data in Table 1. 
 
 

2. Comparisons based on equal output 
The calculations presented here are indicative of the differences in material requirements. The 
differences are so significant that they do point to a real but often ignored issue about the 
sustainability of wind and solar works and the associated greenhouse emissions involved in their 
construction. 
 
Assumptions: 

 Only onshore works were considered. 
 

 Maintenance materials used during the works or plant operation are not included. 
 

 A new and similar replacement power plant is built and operating at the time that the 
previous generating plant is decommissioned. 
 

 No land requirements are included in the calculations, which are in fact very substantial for 
wind and solar works (refer to Table 1). 
 

 No indirect, but necessary, materials are included that are specifically needed to connect 
remote wind and solar works to the electricity grid, such as new transmission lines, sub-
stations and road works. 
 

 No indirect, but necessary, additional materials associated with works necessary to address 
the intermittency of wind and solar works electricity generation, e.g. BESS and pumped 
hydro, are included. 
 

 No degradation of output over time has been included; however, for solar works it is 2% the 
first year and 0.5 - 0.8% per year over a life of up to 25 years; for wind turbines the efficiency 
decline varies widely from 0.17% to 1.6% yearly over a life of 15 - 20 years. Declining 
efficiency results in declining output, which will increase the material requirements per 
MWh of output. 
 

 The tonnes of materials for HELE and CCGT plants were not available so SOS assumed a 
worse case by using the Nuclear (average) materials figures. 
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The exclusion of materials required for connection, backup, and maintenance, as well as ignoring 
falling output from efficiency degradation favours solar and wind works. That is, solar and wind 
works create the need for even more materials than base-load power plants to support their 
operation. 
 
Table 2 summarises the weights of direct materials required for each electricity generation type. 
 

Table 2. Comparison of material needed based on output (adjusted to 400MW) 

Electricity Generator 
type 

Output 
MWh/year 

Output 
Over 60 

years MWh 

Materials 
Over 60 
years t 

Material 
Tonnes/ 

MWh 

Materials 
to Equal 

HELE 
output t 

Materials 
to Equal 
Nuclear 
output t 

Stubbo Solar EIS 883,008 52,980,480 146,800 0.002771 484,673 531,859 

Industrial Solar (ave) 893,520 53,611,200 184,371 0.003439 601,556 660,120 

Rooftop Solar (CW) 858,480 51,508,800 40,650 0.000789 138,044 151,483 

Wind Works (average) 1,054,704 63,282,240 446,910 0.007062 1,235,313 1,355,578 

Wind Works 1 EIS^ 1,176,471 70,588,260 316,944 0.004490 785,396 861,859 

Wind Works 2 EIS^^ 1,226,190 73,571,400 535,602 0.007280 1,273,421 1,397,395 

HELE (Qld) 2,915,328 174,919,680 157,560 0.000901 157,560 172,899 

CCGT-CCS (NSW) 3,153,600 189,216,000 236,340 0.001249 218,483 239,754 

Nuclear (average) 3,199,152 191,949,120 78,780 0.000410 71,791 78,780 

 
 
When compared to the same electricity output of a HELE plant, just the materials requirements for 
averaged solar and wind electricity generating works are 3.8 times (601556/157560) and 7.8 times 
(1235313/157560) respectively more than for the same electricity output of a HELE plant. 
 
Stubbo Solar (NSW), Wind Works 1 (Bowmans Creek NSW) and Wind Works 2 (Winterbourne NSW), 
which only include the solar panels and steel supports for Stubbo, and Wind Turbines and the 
concrete bases for the wind works, provide an Australian context. The results for two wind works, 
based on information included in their Environmental Impact Statements (EIS,) are 5.0 and 8.1 times 
more tonnes of materials than for the same output of an old supercritical HELE (Kogan Creek, Qld). 
Stubbo Solar Works is 3.1 times more materials than for the HELE. 
 
The massive amount of materials required for just a part of the solar and wind works indicates that 
total electricity grid costs must substantially increase from current levels which will result in ongoing 
increases in electricity costs to consumers. In addition, the upfront embedded greenhouse gases 
directly and indirectly created by solar and wind works should not be ignored. 
 
 

3. Wind and solar only produce electricity less than 30% of the time. 
Significant issues with both wind and solar generated power results for their dependency on the 
weather. Both wind and solar are dilute, inefficient and inconsistent forms of energy conversion. 
Being only able to initially produce electricity over a year on average 25 -30% of the time and often 
zero because of wind and irradiance (sunshine) droughts means that electricity must be provided 
from some other sources at these times. 
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Filling the up to 100% gap in electricity generation is very costly, so resulting in significant price rises 
as more wind and solar works are built and supported by evermore storage works (e.g. batteries and 
pumped hydro) and thousands of kilometres of new transmission lines. 
 
A study has shown that a PV solar system only generates 1.6 times the energy that was used leading 
up to its commissioning. It therefore starts operation with a CO2e and energy deficit. Assuming a 25 
year life then the system will only offset its energy deficit at the time of commissioning after 10 
years of operation, i.e. at least 40% of its life before contributing to any global reduction in CO2e. 
Batteries in a BESS need to be replaced more frequently (10 -14 years), so adding more CO2e to the 
atmosphere. If the components are manufactured in China the embedded greenhouse gases are 
very much greater.  [ref: https://doi.org/10.1016/j.energy.2013.01.029] 

 
For energy generation, wind is an ancient technology. Solar cells were invented in 1883 by C Fritz 
and the first commercially viable PV solar panel was developed by Bell Laboratories in 1954. 
 
Both wind and solar are dilute, inefficient and inconsistent forms of energy conversion. The energy 
density (the amount of energy in mega-joules [Mj] released per kg) of different fuels in increasing 
order is wood (16Mj/kg), coal (24), oil (45), natural gas(55) and nuclear (3,900,000). The higher the 
energy density the lower the total demand on all resources and the higher the efficiency in 
producing electricity. A mega-joule is equivalent to 0.278KWh of electrical energy.   
Logically, natural gas and zero emissions nuclear should be the preferred fuels at this time.  
 [ref: understandsolar.com "Who invented solar panels?"; energyeducation.ca/encyclopedia/energy_density] 
 
A study of Germany's electricity generation found that over their operating life solar and wind have 
very low energy output compared to the energy used to make and install them. The energy 
generated by nuclear, hydro, wind and solar was, respectively,  75, 35, 3.9 and 1.6 times greater 
than the energy required to make them. Wind and solar provide a poor return on an energy 
in/energy out basis compared with other methods. More energy in means the more emissions 
created and embedded in the product, especially those sourced from China, which generates the 
most emissions globally. Up to 90% of Australia's solar panels,  wind turbines and batteries are made 
in China. 
   
Logically, nuclear energy should be preferred for electricity generation as it gives the best energy 
in/out result, causes fewer emissions in its creation and generates zero emissions during its 
operation. Also, the imbedded GHG in renewables must be taken into account. 
[ref: 30/6/20 M Shellenberger "Apocalypse Never" p192] 
 
Australia is the only country of the top 20 developed countries and the top 'developing' countries 
(China and India) that does not depend on zero-emissions nuclear power for part of their electricity 
generation. There are currently about 53 nuclear power reactors under construction, mainly in 
China, India, Russia and UAE. Australia is being left behind due to its illogical and damaging ban on 
nuclear energy.  
[ref: World Nuclear Association "Plans for New Reactors Worldwide" September 2020] 

 

 
Conclusion 
Even when only taking into account just the main materials required by industrial Solar Works (solar 
panels and supporting structures) and industrial Wind Works (turbines and concrete bases) it is 
apparent that they require many more tonnes of materials over a 60 years period than do a High 
Efficiency Low Emissions coal-fired power plant or nuclear plants of the same capacity. The 
implications of this considerable materials requirements difference are that: 
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 Solar works require at least 3.1 - 6.8 times more materials, just for some components, than 
does a fully installed operating HELE or nuclear plant. 
 

 Wind works require at least 8.1 - 17.7 times more materials, just for some components, than 
does a fully installed operating HELE or nuclear power plant. 
 

 All these extra materials only provide intermittent electricity generation less than 30% 
annually on average. 
 

 All the extra materials (transmission, storage, etc) required to build a 100% solar and wind 
based electricity system must also be added to the tonnes of materials required to create 
solar and wind operating plants and to fill the 70% plus gap when solar and wind are 
unavailable. 
 

 Such massive extra tonnes of materials demands of solar and wind electricity generation are 
not only substantially increase electricity system costs but are highly damaging to multiple 
environments and are unsustainable. 
 

 




