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Summary

Australia has some of the best conditions in the world for producing solar energy, and new
research suggests it is also the nation’s preferred future energy option.

This paper considers various advantages and disadvantages of harnessing energy from the
sun. It finds the health and environmental impacts of solar to be minimal in comparison to
fossil fuels, and argues that, as the cost of gas begins to rise, solar will become an
increasingly competitive and valuable energy source.

It is estimated that solar thermal energy could produce up to 60 per cent of Australia’s on-
grid electricity, which would dramatically reduce our greenhouse gas emissions and reliance
on fossil fuels.

Public polling by The Australia Institute* shows solar is the most popular energy choice of the
future, with 63 per cent of people ranking it as their number one preferred energy choice, and
90 per cent of people ranking it within their top three preferences.

This stands in strong contrast to coal and coal seam gas (CSG), which were listed among
the top three energy sources by a mere 35 and 38 per cent of Australians respectively.

Fossil fuel derived energy sources such as coal and CSG have been widely criticised for
their environmental and health impacts. Six out of 10 Australians consider coal and CSG to
have a detrimental effect on the landscape, while only a fraction of that — 13 per cent — share
the same concern in relation to solar energy.

Despite the favourable conditions and strong public support, solar’s share of electricity output
in Australia is half the OECD average. With the high potential for solar expansion in
Australia, it is important to determine the costs and benefits of this energy source.

Overall, the health risks for workers in the solar sector are considerably less than for those in
the fossil fuel industries. While the paper discusses some health risks associated with the
manufacturing of solar photovoltaic material, these are likely to lessen over time as further
improvements are made in the technology used.

There are only minimal environmental impacts in harnessing solar energy. Despite the need
for large land surface areas, there is little evidence that solar resources conflict with other
land uses such as farming. Additionally, community benefits can accrue from both large and
small scale solar projects, such as jobs in remote areas.

Overall, solar energy is found to have minimal health and environmental impacts, particularly
when compared with fossil fuels. The public desire for harnessing Australia’s solar resources
is strong, with 90 per cent of people wanting more solar energy, and it is predicted to become
an increasingly cost-effective energy source as the technology improves.

! Results are drawn from an online poll taken by the Australia Institute in August 2014 (n=1410).
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Executive summary

High levels of solar radiation and suitable land make Australia one of the best countries in
the world for solar energy. However, solar’s share of electricity output in Australia is half the
OECD average.™

Apart from issues of cost and infrastructure, there are health and environmental
considerations that need to be taken into account. The impact profile of solar depends on
the kind of system—photovoltaic (PV) or concentrated solar thermal (CST); large or small
scale—along with factors affecting the production of materials. The most serious health
implications are borne by countries that produce materials for PV systems that use toxic
materials, which are similar to those in the microelectronic industry more generally.>® As an
importer of these materials, Australia has a greater moral responsibility for the mitigation of
such risks than is currently acknowledged.

The environmental impact of solar is minimal in many ways, but there are some concerns
about the long-term impact of disposal in the case of PVs and of water-use in CST systems.”
In general, the overall GHG intensity of solar is higher than other forms of renewable energy,
but significantly less than fossil fuels.” Solar generally enjoys high levels of community
support and there are employment opportunities with the expansion of the sector.® In
particular, small-scale, community based systems—such as the ‘Bushlight’ initiative in
remote Indigenous communities—can provide a range of benefits for local communities.’

Although there are some serious health risks associated with the manufacture of PV
materials, these risks are considerably lower with CST techologies, and the overall risk
profile of all types of solar energy is far lower than that of fossil fuels.® Other impacts of
concern include the relatively high cost of solar compared to other energy sources and
water-use in large-scale CST systems. However the steady improvement in solar
technologies will likely reduce these impacts considerably, and the rising costs of gas that
will attend Australia’s expanding export industry will likely mean that solar becomes relatively
competitive.™
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Key findings

The health and environmental profile of solar energy depends heavily on the type of
system used.

The manufacturing of solar photovoltaic materials (PVs) has the greatest associated
health risks, similar to those found in the microelectronic industry. These risks mostly
affect workers that manufacture PVs, however long-term environmental pollution from
PV disposal is also of concern.

As Australia imports all of its raw silicon wafer/cell material, the majority of these
health risks are outsourced to countries such as China, Japan and the USA.
Concentrated solar thermal (CST) systems have a lower health risk profile and are
also more efficient, however many CST technologies use considerable quantities of
water.

Although requiring large quantities of land, there is little evidence of resource conflict
from large-scale solar projects in Australia and there are benefits that can accrue to
communities from both large and small scale solar including jobs in remote areas.
GHG emissions from solar are higher than other renewables but substantially less
than fossil fuels, and becoming lower with new technologies.

Overall, solar represents a low-impact option, especially compared to fossil fuels, and
advances in technology are likely to reduce these impacts further. While the health
impacts of PVs and environmental impacts of some CST systems are non-negligible,
improvements in technology and correct decommissioning and recycling of materials
can substantially reduce these impacts.

Solar energy in Australia



1. Introduction

Australia’s solar energy resources are among the best in the world, with high levels of solar
radiation and considerable land-mass suitable for large-scale solar developments. Despite
this comparative advantage, solar’s share of electricity output in Australia is half the OECD
average.'’ The cost of materials and installation, the difficulties in storing solar energy, and
the need for substantial additional infrastructure are impediments to the expansion of the
industry, however advances in solar technology and reductions in cost are likely to see the
percentage of solar energy increase over coming decades.’

Although the health and environmental profile of solar is much less damaging than fossil
fuels, it currently has greater impacts than many other renewables. Given the nature of the
health risks and the fact that Australia currently imports materials for PV module assembly,
the health impacts are most likely to be experienced by workers in the countries responsible
for the production of photovoltaic (PV) cells, which involves many toxic materials that are
also used in the microelectronic industry more generally.® The exposure pathways are mostly
limited to workers inhaling fumes or coming into direct contact with materials such as silicon
tetrachloride, lead and cadmium, however there are several reports of toxic material being
released into the wider community.'>*®* The actual health impacts that result from these
processes is then dictated by the extent to which industry bodies adhere to health and safety
protocols, and the improvement of materials and production techniques.

Solar energy is not responsible for any direct GHG emissions from energy generation,
however the production of materials—especially for solar PVs—is currently quite energy
intensive, making its GHG emissions profile high compared to other renewable energy.
However, this is still substantially less than the GHG intensity of fossil fuels and much lower
for technologies such as large-scale CST systems.®

The running of solar facilities has very low impact on human an environmental health.
Despite large-scale solar developments requiring considerable areas of land, there appears
to be little land-conflict in Australia. However, some forms of large-scale solar use
considerable amounts of water—more than coal and gas in some instances—which is of
particular concern in Australia.*

While current solar technologies have greater health and environmental costs than other
sources of renewable energy, it is still a relatively young technology with advances in the
field seeing these costs rapidly decline. Even using current technologies, its impacts are still
substantially less than fossil fuels. However, careful attention needs to be paid to the
distribution of benefits and burdens that attends different solar technologies and scales of
implementation. The current risk associated with the production of PV materials for workers
in other countries in particular, suggests that Australia needs to accept moral responsibility
for this aspect of the industry.
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2. Overview

2.1 Solar energy

The amount of solar energy which strikes the Earth is far greater than the world’s energy
demand."* However, only a small amount of the world’s solar energy is converted to
electricity due to the established energy infrastructure, as well as technical obstacles
concerning variability, storage and transport that mean that solar energy is currently a more
expensive energy option than fossil fuels." However, technical advances and other drivers
are likely to see overall use of solar energy increase, and it has been estimated that it would
be possible (given certain policy and technological changes) for solar to provide up to a third
of the world’s energy by 2060."

There are two main types of solar energy—photovoltaic (PV), which converts photons
directly into electricity, and solar thermal (ST), which converts solar radiation into thermal
energy. There are several different systems that capture solar energy, all of which have
different health and environmental profiles.

2.1.1 PV systems

Rooftop PV —comprise of panels of PV cells mounted to rooftops (see Figure 1).

Large-scale PV —PV systems can be scaled up, however currently the cost of transport and
the fact that energy from PVs cannot be stored long does not make these the most cost-
effective system.

Concentrating Photovoltaic Solar (CPV) — uses concentrating mirrors or lenses to create
large-scale centralized power using PV cells (see Figure 2). While more efficient than other
large-scale PV, these are not as flexible as concentrating solar thermal® (CST—also known
as concentrating solar power or CSP — see below).

Figure 1: Photovoltaic roof panels Figure 2: Concentrating Photovoltaic Solar Field

i e By ¥

PVs require substantial resources in their creation. Materials must be mined, processed and
purified. This process is responsible for some GHG emissions (considered in section 4) and
also other health risks associated with their manufacture (see section 3).

2.1.2 Solar thermal systems

Small-scale temperature converters — at present, the majority of Australia’s solar energy
comes in the form of solar hot water heaters that use plates to heat water directly using the
sun’s energy.™*

Concentrating Solar Thermal/Power systems (CSP or CST) - concentrate energy from
sunlight to a focal point, which is used to create steam to drive a turbine or power chemical

Solar energy in Australia
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processes. Heat that is excess to requirement is stored in a material (‘working fluid’) such
as salt, water or oil, which is then used to generate more steam. The ability to store and
release energy makes them more flexible and potentially more efficient than CPV systems.*

There are four major designs of CST: heliostat fields with central receivers (see Figure 3),
paraboloidal dish systems (see Figure 4), parabolic troughs (see Figure 5) and linear Fresnel
reflectors (see Figure 6). Parabolic troughs and linear Fresnel reflectors only track the sun
east-west, while the others also track its elevation. A recent report from Beyond Zero
Emissions (BZE) recommended a CST system using molten salt storage to meet most of
Australia’s solar energy needs for its “low losses, low cost, material stability, raw material

availability and material safety”.!

Figure 3: Gemasolar Heliostat Field
(Fuentes de Andalucia, Spain) Figure 4: Parabolic Trough

Figure 5: Fresnel reflectors

2.2 Solar in Australia

Australia has excellent solar resources in terms of both land mass and solar exposure, with
the highest solar radiation per square meter of any continent (see Figure 7).** However, solar
energy currently accounts for only about 0.2 per cent of current primary energy
consumption.>

Solar energy use was previously projected to increase from 7 PJ (in 2008) to 24 PJ by

2030." However, incentives for solar have been cast in doubt by the current government’s
stance on climate change mitigation, reduction of funding to renewable energy schemes
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such as the Australian Renewable Energy Agency (ARENA), and lack of support for
renewable policies such as the Renewable Energy Target (RET)."

The current commercial-scale solar projects have a small capacity, with four out of five
commissioned projects less than or equal to 1 MW (apart from one NSW project with a
capacity of 2MW). However there are plans to construct much larger scale projects of up to
1000MW.*

Figure 7: Average solar radiation and currently installed solar power stations with a
capacity of more than 10 kW. Source: Bureau of Meterology 2009; Geoscience
Australia

It has been estimated that the majority of Australia’s energy needs (up to 60 per cent of
projected future energy requirements) could be met be CST with molten salt storage.’ Cost
and the fact that solar energy cannot be stored for long periods of time or traded are the
main obstacles to its further development in Australia. At present, solar energy relies on
subsidies to be economically viable, although it is predicted that the cost of solar energy will
drop considerably with technological improvements.

2.3 Impacts of solar energy

As with any energy source, the generation of energy using solar PVs or CST systems has
some consequences for human and environmental health. Below, these are considered in
relation to the direct and indirect consequences for human health, impacts on the
environment through land use and the potential bioaccumulation of hazardous materials, and
impacts on GHG emissions.

2.3.1 Health
The health concerns accompanying solar systems arise from their manufacture, and in
particular the manufacture of solar PV. Potential health impacts are most likely to affect

workers who are exposed to toxic materials and gases during production, with some risk that
such exposures might also affect the wider population.>® These can be mitigated by
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adherence to health and safety protocols, however as production of materials for PV cells
takes place off-shore, this is not under the control of the Australian government. The
increasing interest in new nanotechnologies potentially introduces further hazards, although
the nature of these is at present uncertain.*®

Although beyond the scope of this report to give full consideration, there are also some
concerns raised over the potential cost of solar energy and its effect on vulnerable groups.

2.3.2 Environment

Australia has a large amount of space suitable for the installation of large-scale solar
systems that would not directly compete with other interests, however when the
establishment of infrastructure and the environmental consequences of manufacturing,
disposal and decommission—especially of PVs—is also taken into consideration the
environmental impact becomes more substantial. Some varieties of CST technology also
require considerable water use, with some systems estimated to use more than fossil fuels.”

2.3.3 Greenhouse Gas Emissions

Energy produced from solar power is not directly responsible for any GHG emissions,
however the construction of solar systems can be energy intensive, depending on the nature
of the system. The level of emissions differs considerably depending on the technology
used, and comes from the energy sources (such as coal, oil and nuclear) that are used in the
production and transport of material. These emissions remain significantly less than fossil
fuels, which means that switching to solar from coal or gas would see a sizeable overall
decrease in greenhouse gases.”

2.3.4 Benefits

Increasing the amount of solar energy used in Australia would confer substantial benefits,
especially concerning the reduction of GHG emissions. There are other benefits that
accompany patrticular types of solar systems—for example, distributed systems, where solar
energy is created by households or communities and used on site would see a reduction in
power being transported, and hence reduced electromagnetic radiation.'’ PV panels
integrated onto building surfaces would see a reduction of land use'’, and the establishment
of community-based solar systems can also have social benefits, especially in remote
communities.’

However there are some health impacts that need to be taken into account, particularly
concerning the manufacture of PV components that takes place off-shore. This provides
some reason for favouring large-scale CST systems, and also suggests that there is a moral
responsibility for Australia to help mitigate these risks.

Even taking into consideration these impacts, the benefits from replacing currently employed

coal and gas technologies with large scale solar would be substantial, as discussed in
Section 5.
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3. Health

Most of the health concerns with solar energy relate to the production of the semiconductors
used in PVs, which involves several potentially hazardous materials. Nearly all of these
health risks affect overseas workers rather than the general population, except in cases
where materials are incorrectly disposed of.

The materials used and the hazards faced are often the same as those found in the
microelectronics industry more generally. This means that there is considerable information
regarding the health implications of PV manufacture. However, the interest in new materials
and processes—particularly nanoparticles and technologies—has introduced some
uncertainties.*

Despite remaining concerns, technological advances have been steadily improving the
health impacts of solar. This is demonstrated in the difference between an earlier study
estimating that producing solar power had “30 per cent higher health impacts than natural
gas”, while follow-on studies showed health impacts reduced to “about 0.1-0.2 cents per kwWh
[$1 - $2 per MWh], primarily caused by GHG, lead, and particulate matter emissions”.*® Solar
in Australia has elsewhere been estimated to have health impacts of approximately $5 per
MWh, compared to gas at $19 per MWh.*

There are several different materials used to create PV systems,

and the technology in this area is constantly evolving. The first BOX 1:
major category is thin PV film, which is made from thin layers of Types of PV
semiconductor materials—in particular, amorphous silicon (a-Si),
cadmium telluride (CdTe), copper indium selenise (CIS) and copper | Thin film PV including
indium gallium selenide (CIGS)—that can then be applied to cheap | amorphous silicon,
materials such as glass or metal. Cadmium telluride is currently | cadmium telluride,
more commonly used for PV film as it is cheap and efficient, but it is | copper indium

a rare material and so not a long-term prospect. selenise and copper
indium gallium

The second major type of PV is silicon wafers that are used in rigid | selenide (a-Si, CdTe,
panels. These are made from materials such as mono-crystalline | CIS, CIGS)

silicon, multi-crystalline silicon, or ribbon-silicon, all of which have an
unstable intermediate form of silicon tetrachloride (SiCl4). These
are still the most common form of PVs, although the incorporation of
new nanotechnologies may see thin-flm PVs become more
popular.®

While the risks differ depending on the materials, all PVs carry
potential risks for workers in their production, and there are some | Silicon wafers

risks in their installation and disposal that can affect the wider | including mono-
community. Currently, there are no manufacturers of PV wafers or | crystalline silica, multi-
thin-films in Australia, and no data readily available that breaks | crystalline silicon and
down Australia’s imports of these materials on a country-by-country | ribbon-silicon.

basis.?® However, this breakdown can be assumed to mirror general
levels of production: the largest producers of polysilicon are China
(40 per cent), USA (24 per cent) and Germany (15 per cent); and of
solar wafers China (76 per cent), Japan (7 per cent), the USA and
Germany (3 per cent each).”

The production of PV cells can be broken down into the stages of 1)
mining raw materials, 2) processing and purifying them into electronic-grade materials, 3)
manufacturing solar modules and solar systems, and 4) decommission and disposal.*
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Figure 8 below gives an indication of the stages associated with silicon and cadmium
telluride PV cells.
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The biggest potential risks with current manufacturing are found at the stages of processing
and purifying raw materials, because of the presence of toxic and flammable materials.?

3.1.1 Mining

Silicon PVs require the mining of crystalline silica from sand or quartz. The mining process
produces silica dust, which can cause silicosis.?

The risks associated with silica dust exposure are well-known, and it is subject to many
regulations which should mitigate the risk of silicosis. However, as with many of the risks
associated with PVs, the greatest concern is manufacturers in large silicon producing
countries who may not comply with such regulations to protect their workers.

3.1.2 Processing and purification

It is the processing and purification stage, together with manufacturing the solar cells from
this material, that carries some of the greatest health risks overall.

Once extracted, the silica needs to be processed and purified for use in silicon wafers. This
involves combining the silica with carbon (such as charcoal or coal), and then further refining
the resultant silicon. The ‘Siemen’s process’ is commonly employed, using silane (SiH4) or
trichlorosilane (HSICL3) gas to produce silicon for use in the production of silicon wafers.
These and other chemicals that can be used to produce different types of silicon, along with
their potential health effects, are listed in Table 1 below.

The production of SiH4 and HSICL3 results in waste silicon tetrachloride (SiCL4). This is
highly toxic, producing hydrochloric acid in contact with the air, and can cause skin burns,
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irritate eyes, skin and the respiratory system.®*!? In addition, sulfur hexafluoride (SF6)—

which has a GWP 25,000 greater than CO,—is used in the process.

The dangers inherent in processing and purification and the need for enforcing proper
regulation were highlighted in a 2008 incident in China. Waste SiCl4 was dumped into fields
near the production facility, resulting in nearby villagers experiencing eye and nose irritations,
and crops wilting.™® Such incidents raise concerns where the manufacture of PV materials is
largely outsourced to countries that may not enforce strict environmental, health and safety
regulations.

However, although there are distinct risks if proper health and environmental measures are
not taken, other production facilities use a ‘closed loop’ process, capturing byproducts for
reuse, and waste gases that are not recycled are treated before release. In these facilities,
environmental releases of damaging materials are very low.*?

The creation of thin-film a-Si PVs involves the steps noted above up until the use of the
Siemen’s process. Overall, thin-film PV manufacture has lower energy requirements than
silicon wafers, requiring less silicon and producing lower emissions overall. However, the
gases used are considered extremely hazardous, highly toxic, or pyrophoric (ignite
spontaneously in air), posing occupational dangers.? Potentially hazardous chemicals used
in the production of a-Si are summarized in Table 1.

Cadmium telluride (CdTe) cells use different processes. Cadmium—a by-product of zinc
mining—is a known carcinogen, with the “potential to cause kidney, liver, bone, and blood
damage from ingestion and lung cancer from inhalation”, and workers are potentially
exposed to cadmium compounds.'? Because of health concerns, most products containing
cadmium have been banned from sale by the European Economic Community (EEC),
although CdTe is of lower toxicity than pure cadmium.?* The creation of CdTe cells can also
use potentially harmful materials such as molybdenum, nickel, sulfur, tellurium, and tin.*?

Other PV technologies are being developed. While there is currently not much information
about the health hazards associated with these alternatives, they involve toxic materials such
as hydrogen selenide, which is dangerous at very low concentrations, and sometimes
cadmium sulfide (CdS). However, the rest of the materials are generally non-toxic or only
mildly toxic.*?

There is increased interest in the use of nanoparticles to create ‘quantum dots’ to increase
the efficiency of PVs. Such materials are likely to have greater health hazards because their
scale may increase toxicity, mobility and bioaccumulation.*®*® Though there were no studies
identified looking specifically at the risks from nanopatrticles in PVs, there is some evidence
that nanoparticles can enter the body through lungs and ingestion, with the possibility they
may penetrate through the skin.?®

The health risks accompanying the use of these materials are for the most part borne by
workers, with potential hazard pathways including the inhalation of materials in the form of
dust and fumes, and contact after spills. Some of the risk pathways associated with the
materials that have been considered here are also a risk for surrounding communities, who
may be exposed to hazardous gases. There are a number of occupational and
environmental regulations as well as best practice that is adhered to by many facilities, with
“no known catastrophic releases of toxic gases from photovoltaic manufacturing facilities in
the United States™, however this is not necessarily the case for other countries that Australia
imports material from.
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3.1.3 Manufacture of silicon wafers

Silicon wafers are produced by sawing ingots of monocrystalline or multicrystalline silicon
into thin wafers. This process produces silicon dust known as ‘kerf dust’ and can generate
silicon particulate matter (PM). An anti-reflexive coating is applied, and electrical conductors
are printed onto them.?

This manufacturing process involves several potentially hazardous chemicals. Aside from
exposure to kerf dust, workers can also be exposed to solvents such as nitric acid, sodium
hydroxide and hydrofluoric acid through inhalation or through accidental spills, with many of
these solvents posing a risk of chemical burns.® The silane gas used in depositing the
coating to the wafers is extremely flammable, with the “semiconductor industry report[ing]

several silane incidents every year”.*?

The next stage in the assembly of a silicon wafer PV system is joining together individual
cells to form a module. Some module production takes place in Australia, although many
modules are imported already assembled. These are usually wired together (usually without
toxic materials, although some manufacturers have been known to use solders containing
lead or other hazardous materials) and enclosed in a protective material before being
mounted, covered and put in a frame.> Module assembly is not considered to be a
particularly risky pathway for human exposure as much of the assembly is automated.

Released in fugitive air

Acetone .. . .
emissions; manufacturing a-Si

Skin, eye, throat, and lung irritant; lung damage,
blindness and death can result from exposure to
very high concentrations.

Released in fugitive air

Ammonia (NH3) emissions

Argon (Ar) Non-toxic; asphyxiant in confined spaces.

Poison; can affect throat, lungs, blood cells,
Arsenic (As) heart and blood vessels; high levels increase
cancer risk; skin problems.

. Doping semiconductor Highly toxic gas; damages red blood cells, and
Arsine (AsH3) P g sny .g g. .
materials can affect kidneys; carcinogenic.
. . . - Exposure to large amounts over short periods
Boron trifluoride Doping silicon P & . . . P .
. can affect the stomach, intestines, liver, kidney
(BF3) semiconductors

and brain and eventually lead to death

Brominated Flame
Retardants (BFRs)

Cadmium (Cd) (also Carcinogenic; potential to cause kidney, liver,
(CdCI2); (CdS04); Manufacturing CdTe cells bone and blood damage from ingestion; lung
(CdS)) cancer from inhalation.

Cadmium telluride Less toxic than other cadmium compounds. CdTe

Manufacturing CdTe cells

(CdTe) quantum dots could trigger cell damage.
Carbon nanotubes Inhalation hazards similar to
(CNTs) asbestos.
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Carbon
tetrachloride (CCl4)

Copper (Cu)

Diborane (B2H6)

Ethyl vinyl acetate
(EVA)

Gallium (Ga)

Germane (GeHH4)

Helium (He)

Hexafluoroethane
(C2F6)

Hydrochloric acid
(HCl)

Hydrofluoric acid
(HF)

Hydrogen (H2)

Hydrogen sulfide
(H2S)

Indium (In)

Indium gallium
nitride (InGaN)

Indium phosphide
(InP)

Lead (Pb)

Manufacturing c-Si cells

Manufacturing a-Si cells

Encapsulating PV cells.

Soft metal used in GaAs PV

Manufacturing a-Si cells

Manufacturing thin film PVs

Etching semiconductors

Remove impurities from
semiconductor materials;
etch wafers

Remove impurities from
semiconductor materials;
etch wafers

Manufacturing a-Si cells
Manufacturing a-Si cells

Used as the semiconductor
for CIS/CIGS, indium gallium
phosphide, or indium gallium
nitride

solar PV and lead-free
solders.

PV semiconductor

Cleaning c-Si wafers;
multijunction solar PV

Wiring, solder coating

Exposure to very high amounts can damage the
liver, kidneys, and nervous system; potential
carcinogen.

Can be poisonous or fatal at high exposures,
damaging liver and kidneys. Inhalation can cause
nasal and throat irritation. Ingestion of high
levels can cause nausea, vomiting, and diarrhea.

Highly flammable; skin irritant

May release volatile organic compounds

Not considered toxic, but may cause skin
irritation.

Extremely toxic; can kill red

blood cells; cause anemia and kidney failure.
Inhalation causes dizziness, dullness, headache,

and possible suffocation. Contact with liquid He
can burn skin.

Asphyxiant; in high concentrations may cause
dizziness, nausea, vomiting, disorientation,
confusion, loss of coordination, and narcosis.
Can cause skin burns. Potent GHG.
Corrosive; inhalation can

lead to pulmonary edema; ingestion can cause
severe injury to the mouth, throat, esophagus,
and stomach.

Corrosive; low levels can irritate the

eyes, nose, and respiratory tract; high level
exposure can cause death; ingestion of Seven a
small amount affects internal organs and may be
fatal.

Highly flammable

Irritant; highly flammable

Made from highly reactive trimethylindium,
which can spontaneously

combust.

Toxicology unknown; irritant

Carcinogen

Toxic to the nervous system; can cause anemia;
high exposure levels severely damage the brain
and kidneys and may ultimately cause death.
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Molybdenum
Hexaflouride

Nitric acid (HNO3)

Nitrogen (N2)

Nitrogen trifluoride
(NF3)

Phosphine (PH3)

Polybrominated
diphenyl ethers
(PBDEs)

Selenium (Se)

Selenium dioxide
(Se02); Selenium
hydride (H2Se)

Silane (SiH4)

Silicon (Si)

Silicon
tetrachloride
(SiCl4)

Silicon tetraflouride

Silver (Ag)

Sodium hydroxide
(NaOH)

Cleaning wafers, removing
dopants, and cleaning
reactors

Used to manufacture c-Si
cells; used to dope
semiconductors

Cleaning reactors and etching
polysilicon semiconductors

Doping semiconductor
materials; manufacturing a-Si
cells

Added to plastics and foam
products

found in CIS/CIGS

CIS/CIGS manufacturing

Applying silicon thin films and
make silicon crystal
semiconductors

The most widely used solar
PV semiconductor

Waste from production of
silane and trichlorosilane; by-
product and intermediary in
silicon-based PV cell
production

Manufacturing a-Si cells

Making electrical contacts

Cleaning and etching
semiconductors

Probable carcinogen.

Toxic and corrosive gas

Occupational chemical burn hazard.

Workplace asphyxiation hazard

Can cause asphyxiation. Potent GHG.

Highly toxic; explosive risk

Little known about human health effects.
Toxicity to the liver, thyroid, and

neurodevelopment reported in animals.

Poison; respiratory tract irritation, bronchitis,
difficulty breathing, and stomach pains; short-
term exposure to high concentrations may cause
nausea, vomiting, and diarrhea. Chronic
exposure can cause selenosis (including hair loss
and neurological abnormalities)

Highly toxic when inhaled; may cause skin burns
and eye irritation. Chronic

exposure may cause selenium-related diseases.
H2Se is extremely flammable.

Explosive risk; respiratory tract, skin, and eye
irritation. Silane gas is extremely explosive. At
room temperature, is pyrophoric (spontaneously
combusts in air without external ignition).

Crystalline silica (silicon dioxide, SiO2) is a potent
respiratory hazard. Lung cancer is associated
with occupational exposures to crystalline silica

Extremely toxic; reacts with water; causes skin
burns; respiratory, eye and skin irritant

Can emit toxic fumes

Exposure to high levels over long time periods
may cause discoloration of the skin and other
body tissues. Exposure to high levels can result in
breathing problems, lung and throat irritation,
and stomach pains.

Harmful to eyes, lungs and skin at even low
levels. High-level exposure can cause severe
burns to the eyes, skin, and gastrointestinal
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tract, which may cause death.

Sulfur hexafluorid Cleani t i
ulfur hexafluoride eaning reactors used in Asphyxiant; the most potent GHG

(SF6) silicon production
Tetrobromo . . .
bisphenol A Used in printed wiring boards Endocrine disruptor.

(TBBPA) and inverters

Manufacturing CdTe and CdS

Thiourea (CHAN2S) PV semiconductors

Blood toxin; carcinogen

Flammable; inhalation causes burns, difficulty
breathing, headache, dizziness, bluish skin color,
and lung congestion. Blurred vision results from
eye contact, and ingestion can

Trichlorosilane main source of electrical
(HSiCI3) grade silicon

cause burns, vomiting, and diarrhea.

A full appraisal of the health implications of PV solar energy then needs to consider the kind
of PV manufacturing processes that are used and where this takes place.

3.1.4 Balance of system components

Apart from the solar panels themselves, PV systems also need balance of system (BOS)
components to convert the electricity generated from direct current (DC) to alternative current
(AC), and to otherwise support the supply of useable electricity and enable rooftop or ground
mounting. These components can include aluminium framing, inverters, mounting structures,
grid connecters, concrete and office facilities.”” The manufacture of BOS components
introduces further health and environmental impact pathways, however there are few studies
that take these into consideration, and none found that were directly relevant to Australia.

3.1.5 Installation

The installation phase is generally a very low risk in PV systems, although there is a small
risk of PV materials becoming dangerous in the case of a fire.® This is of particular concern in
the case of cadmium, although even this a low risk.** The risk that toxins would be emitted
may be slightly higher in larger scale facilities (such as commercial and industrial buildings)
as fires can reach higher temperatures.

Another concern that is sometimes raised in relation to many electricity sources is the health
effect of electromagnetic fields (EMF). However, the level of EMF produced by PV systems

“do not approach levels considered harmful to human health”.?

3.1.6 Disposal

PVs are expected to last in the vicinity of 25 years.'” Disposing of them is accompanied by
potential health issues similar to the disposal of electronics components. In particular, there
is the potential for hazardous materials to leach when they are deposited in landfills. Thin-
film PVs tend to have less of an impact through this pathway than silicon wafers.

Many of these potential problems can be avoided by proper decommission and recycling of
material, which also reduces the requirement of new materials in manufacture. The industry
as a whole has several take-back and recycling programs to this end, and the EU has
restricted sale of products containing some of the materials posing the greatest risk through
this pathway."* However, while the industry as a whole seems committed to maintaining the
environmentally-friendly profile of solar and there are many feasible recycling options that
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would substantially reduce waste?®, current levels of regulation, especially in non-EU
countries, is not enough to mitigate the environmental issues accompanying disposal.

Some studies performed life-cycle analysis of different systems, including one that
considered four scenarios for large-scale, ground mounted PV systems. This calculated
impacts on human health of between 3.24 — 4.65E-08 disability adjusted life year/kilowatt
(DALY/kWh). As noted above, it was manufacturing that generated the biggest health
burden.?’ Reports containing direct comparisons with other energy sources reveal the
significantly lower externalities compared to fossil fuels.'® Furthermore, although emissions of
heavy metals such as arsenic, cadmium and lead are of concern in PV manufacturing, one
study found that such emissions still remain below those emitted in relation to fossil fuels.?®
The comparative impact of solar in relation to coal and gas is considered in further detail in
Section 5.

There were no identified studies that looked specifically at the health implications of CST,
however these are generally predicted to be less than those accompanying PVs as there is
less need for intensive manufacturing processes and they do not involve components
containing requiring the use of toxic materials. Overall, these considerations suggest that the
health impacts of CST will be much less than PV systems. However, some kinds of CST
systems have significant water-use impacts, discussed in section 4.

4. Social and environmental impacts

Unlike many other energy sources, there is little opposition to solar projects in Australia.
Social impacts tend to be related to economic benefits from jobs and benefits that may
accrue to remote communities, and are mostly positive. While it is beyond the scope of this
report to give a detailed analysis of the economic costs and benefits of solar energy, some
comparisons that have been made to other energy sources will be considered.

4.1.1 Jobs

There are many jobs related to the production of solar materials, although currently many of
these exist in countries that supply the raw materials for Australia’s PV industry.

However, there are also jobs in operations and maintenance, with one Californian study
finding that each 100MW of capacity from a CST system was responsible for “94 permanent
operations and maintenance jobs, compared with 56 for combined cycle gas and 13 for
simple cycle gas turbine plants”®, with a similar figure of 120 jobs per 100MW given by
Greenpeace.*® Another benefit arising from these jobs in Australia is that many would be
located in remote communities. This could potentially be a source of employment in remote
Aboriginal communities that did not involve leaving the community, with some initiatives such
as ‘Bushlight’ demonstrating this potential.’

4.2.1 Land use
The land-use required for small-scale solar systems is negligible, although the potential

environmental hazards of PV manufacture need to be taken into account when calculating
overall environmental impact.
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Land requirements for large-scale PVs and CST systems are far more substantial; however
they seldom result in resource conflict in Australia. Land use for large-scale PVs and CST
systems varies considerably depending on the layout of the solar array, the types of
structures they are mounted on and other variables. While one study estimated that
approximately 200km?>—about 0.5 per cent of the area of the continent—would be able to
provide all of Australia’s ‘gross energy use’ from solar power ‘at the conservative figure of 4.5
W/m?3! | this is much lower than several other estimates that take into account the
intermittent nature of solar energy. A report from the Australian Academy of Technological
Sciences and Engineering based on a range of estimates estimating that “with current
technology a large scale solar thermal farm takes up at least 0.05 km? for each MW of

generating capacity”.*

4.2.2 Water use

Depending on the type of system, large-scale solar can use considerable amounts of water.
These requirements can be similar or even higher than conventional fossil fuel plants for
some CSP systems®, with some needing to withdraw “as much as 3,500 liters per Megawatt
hour (MWh) generated [compared to] 2,000 liters/MWh for new coal-fired power plants and
1,000 liters/MWh for more efficient natural gas combined cycle power plants”.* However, it

has also been suggested that new technologies may cut water use by up to 90 per cent.*

No dedicated reports on the impact this would have on water resources in Australia were
identified.

Although energy generated from solar power does not produce GHG emissions, the
production of PV cells and solar thermal facilities does produce emissions, mainly from
electricity and fuel use. These will vary according to the energy technologies that are used
(such as coal, gas, oil or nuclear), and levels will depend on where materials are produced
as well as the degree to which they are recycled. However, there are some studies that
provide a useful estimation of the total emissions from production.

One comprehensive study calculated figures for different types of rooftop mounted PV cells

in the US and Europe (Figure 9). These are likely to decrease with improvements in the
recycling of materials, and reduction in material and energy use.
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Fig. 3. Life-cycle GHG emissions from silicon and CdTe PV modules,
wherein BOS is the balance of system, that is the module’s supports,
cabling and power conditioning (Alsema et al., 2005; Fthenakis et al,,
2004; Wild-Scholten et al., 2005; Fthenakis et al., 2005; Raugei et al.,
2007). Unless otherwise noticed, the estimates are based on rooftop-mount
installation, Southern European insolation, 1700 kW]l,f‘mg,-’}rear, a perfor-
mance ratio of 0.75, a lifetime of 30 years. *Based on ground-mount
installation, average US insolation of 1800 kWh,fmzfyear, and a perfor-
mance ratio of 0.8,

Although these emissions are not negligible, they are minor compared with the emissions
generated by other forms of energy that Australia currently relies on (see section 5), and
other analyses give even lower figures—a life-cycle analysis of different technologies
performed in 2006 estimated GHG impacts of 25-32g/kWh, with a prediction that these
would be reduced to approximately 15g/kWh in the future.?®

No recent studies were identified that considered life-cycle emissions from solar thermal
systems, however these would be expected to be significantly lower than solar PV because
they do not require the same energy intensive manufacturing for their components. An
earlier study estimated GHG emissions from solar thermal to be roughly one-third to one-
eighth that of solar PV (see Table 2 below).** Although the estimates were based on 1998
data, and so are out of date, the relative emissions of PV and thermal are likely to be roughly
correct.
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Energy Sources

Green-house gas emission

CO3 502 NO,
g/kWh g/kWh g/kWh
Coal (best practice) 955 11.8 43
Coal (NO,) and FGD 987 1.5 29
Oil (best practice) 818 142 4.0
Matural gas (CCGT) 430 - 0.5
Diesel 772 1.6 123
Small hydro 9 0.03 0.07
Large hydro 3.6-11.6 0.009-0.024 0.003-0.006
Wind 7-9 0.02-0.09 0.02-0.06
Solar photovoltaic 98-167 02-034 0.18-030
Solar thermal electric 26-38 0.13-0.27 0.06-0.13
Energy crops — current practice 17-27 0,07-0.16 1.1-2.5
(likely to improve to) (15-18) (0.06-0.08) (0.35-0.51)
Geothermal 7-9 0.02 028

5. Comparisons with coal and gas

A discussion of the health and environmental impacts of solar and wind technology is only
meaningful in a framework that considers the impacts of the energy generation technologies
currently employed in Australia. At present, coal provides approximately 35 per cent of
Australia’s energy needs while gas is responsible for 23 per cent*, with an expansion in the
unconventional gas industry likely to see coal seam and shale gas occupy a greater role in
the future. Given the wealth of evidence concerning the damaging impacts of coal, and to a
lesser extent gas, it is clear that considerable health benefits will arise from replacing these
technologies that need to be factored into the health profile of solar and wind.

This discussion is not intended to be an exhaustive survey of the literature on the impacts of
coal and gas. In what follows, their direct and indirect impacts will be briefly considered in
order to give a general context in which the health benefits of adopting large scale solar and
wind technologies can be understood.

There are no primary studies that have been carried out on the heath impacts of coal in
Australia®, however the international evidence demonstrates the substantial impacts that the
mining and burning of coal has on workers and the wider community. Each stage of coal
processing produces pollutants, and there are significant occupational hazards attending its
production.®*® The high level of GHG emissions from coal fired energy production adds a
substantial health burden.

Conventional gas, while less damaging than coal in several respects, has far more direct and
indirect health implications than renewable technologies. While there is a high degree of
uncertainty regarding the impacts of unconventional gas, the available evidence suggests
that there are potentially serious impacts through air, water, land and social pathways.*’

Coal remains one of the most dangerous forms of energy generation from the perspective of
workers®, with up to 12 per cent of coal miners developing a potentially fatal disease such as
pneumoconiosis, progressive massive fibrosis, emphysema, chronic bronchitis, or
compromised lung function.®® Although Australian operations are less dangerous than many,
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mine collapse, asphyxiation, explosion and diseases from coal dust still represent risks for
36
workers.

While the manufacture of solar systems has risks accompanying both normal operations and
potential accidents, there has to date not been any accidents of the severity that have
occurred in other forms of energy production, as illustrated in Figure 10 below.?

Figure 10: Comparison of risk estimates. Source: Fthenakis et al 2006

1.E+02

O Fatalities

For the wider population, air pollution from coal combustion is the most serious threat to
health. Coal combustion is responsible for the creation of damaging particulate matter (PMy,
and PM,5s), which is known to be associated with a wide range of negative health effects
including respiratory problems (such as aggravation of asthma and decreased lung function),
heart arrhythmia, higher rates of mortality from heart and lung disease, and allergic reactions
among others.*®%° Sulphur dioxide (SO,) and nitrous oxide (NOx) emissions are also of
concern, mainly for their contribution to the creation of PM.** A recent literature review also
listed other toxic elements with serious health implications released with coal combustion,
including arsenic, mercury, fluorine, cadmium, lead, selenium and zinc. These can
accumulate in the environment, with the authors noting in particular that “[o]ver a third of all

mercury emissions attributable to human activity come from coal-fired power stations”.*®

Gas produces substantially less PM than coal and Australian operations have relatively low
air pollution impacts, however they are still responsible for non-negligible levels of pollutants
such as NOx, which contributes to photochemical smog.** Information about the impact of
unconventional gas operations on air quality in Australia is scarce and they are likely to be
lower than their US counterparts, however there are potential impacts from fugitive
emissions; emissions from equipment; evaporation from wastewater ponds, spills, well
blowouts, venting and flaring.®” Furthermore, it has been suggested that any level of such
pollutants can have an impact at the population level.*?

Wastewater is a potential hazard in both coal and unconventional gas operations. Coal mine

discharge has been found to have severely compromised freshwater streams in NSW.*?
Both fracturing chemicals and naturally occurring contaminants represent real risks for water
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quality in unconventional gas operations®’, as illustrated by the recent contamination of an
aquifer by naturally occurring uranium.**

The cumulative effect of pollutants from coal fired power generation is notable, with
increases in mortality from lung cancer, heart, respiratory and kidney diseases in affected
communities. One review of evidence found “[t]he risk of premature death for people living
within 30 miles of coal-burning power plants...[has been] quoted to be three to four times that
of people living at a distance”.* In addition, adults living in coal mining communities have
been found to be at greater risk of cardiopulmonary disease, chronic obstructive pulmonary
disease, hypertension, and lower self-rated health and reduced quality of life generally.®
There are also higher rates of birth defects and low birth weight in children and infants in coal
mining communities.®* Considering the combined costs to health from pollutants such as
PM, SO, and NOx, a report on the externalities of energy generation in Australia found the
total health damage costs of three of Australia’s coal-fired power stations to be “equivalent to
an aggregated national health burden of around $A2.6 billion per annum.”*®

The cumulative health effects of unconventional gas extraction are uncertain, however data
from several sources demonstrates that such gas developments are responsible for
emissions of a complex mixture of pollutants, surpassing those from vehicle traffic in some
US regions.” One measurement of the health risks directly associated with air pollution due
to unconventional gas developments in the US estimated cumulative cancer risks at “6 in a
million for residents >1/2 from wells and 10 in a million for residents <1/2 mile from wells™,
while another indicated adverse effects on infant health, identifying several potential health

pathways.*’

In addition to health effects from air and water pollution, coal operations are also connected
to increased road traffic accidents and have been associated with increases in criminal and
other anti-social behaviours.®** Evidence indicates similar issues arising in gas operations,
and in particular there are concerns over the use of fly-in/fly-out workers.*®

One of the most serious health impacts from fossil fuels is the release of greenhouse gases.
Coal fired power plants produce around 1000 kg of CO2e per megawatt hour®***—the
highest level of GHG emissions per unit energy of any form of energy generation. A WHO
study estimated that “global warming that has occurred since the 1970s caused over 140 000
excess deaths annually by the year 2004” *°, primarily through the impact of malnutrition,
diarrhoea, malaria, floods, and cardiovascular disease in developing countries. While it is
impossible to precisely calculate the causal effect of coal power on health through its
influence on climate change, it is clear that Australia’s reliance on coal for use domestically
and for export burdens us with a considerable moral responsibility.

While conventional gas fares somewhat better in respect to GHG release, with many reports
estimating its combustion is responsible for approximately half (or less) the CO2e emissions
of coal®, this remains a substantial amount in absolute terms. Furthermore, debate over the
GHG impact of fugitive methane emissions renders such figures uncertain at best for
unconventional gas, with some estimates suggesting it offers no GHG advantages over
coal.’**® The GHG emissions from solar and wind technologies are by comparison
negligible, and mostly arise from the non-renewable energy technologies used in their
production.®

Figure 11 below compares the emissions from materials, transportation, fuel production and
operation with coal, gas, nuclear and petroleum. The upper estimate of emissions from the
production of materials for PV (which is higher than CST) is approximately 37g CO2e/kWh,
compared to 1210g CO2e/kWh for coal and 760g CO2e/kWh for gas—that is, at the highest
levels the emissions from solar energy are over 32 times less than coal.?
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Coal and gas production is also responsible for considerable environmental damage through
water, air and land pathways. For coal, this includes damage through acidification affecting
land and water (especially from sulphurous black coal), eutrophication (responses by the
water system to additional substances, such as algal blooms or reduced oxygen content) and
waste such as ash.** The production of coal fired energy also requires substantial water use,
with the five coal plants in the Latrobe Valley using 125 billion litres annually—approximately
13-17GL a year per 1000 MW plant, or the equivalent of about one third of Melbourne’s
water supply.> This creates resource competition that is likely to be further exacerbated by
climate change.

The environmental impact of unconventional gas in Australia is uncertain, however some
degradation of land and water is likely, and a potential for serious negative impacts on
biodiversity and ecosystem health.*’

It is obvious that the technologies currently providing the majority of Australia’s energy needs
place a considerable burden on human health. A review of the international evidence for
coal’s effects found that there “are clear indications ...that there are serious health and social
harms associated with coal mining and coal-fired power stations for people living in
surrounding communities”.*> While conventional gas is somewhat less impactful, the
negative effects are also substantially higher than any renewable energy alternative. The
impacts of extracting coal seam and shale gas using fracturing is beset with uncertainty,

however there are several serious concerns.

Comparing the externalities generated by coal, gas and renewable energy, the Australian
Academy of Technological Sciences and Engineering estimated costs of “$A19/MWh for
natural gas, $A42/MWh for black coal and $A52/MWh for brown coal’ compared to
“$A5/MWh for solar photovoltaic electricity and $A1.50/MWh for wind power” (Figure 12
below).® These figures are likely to underestimate the health impacts of solar that occur in
the manufacturing stage, and do not include a consideration of the potential impacts of land
and water use. However, even if a true reflection of the externalities of solar requires a
substantial increase in these figures, it is highly unlikely they would approach externalities of
fossil fuels, which are estimated at four to ten times as high. These figures are indicative of
the substantial health benefits that would attend the replacement of coal and gas with the
adoption of large-scale solar and wind technologies.
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6. Conclusion

Unlike other forms of energy generation, solar energy enjoys high levels of public support,
with little sign of conflict over resources or adverse health implications from power
generation. However, expansion of the industry may see some of the impacts considered
here become more salient—especially the potential health risks to workers in countries that
Australia sources raw materials from, and the significant amounts of water required for many
large-scale CST systems.

The level of risk associated with toxic materials used in the production of materials for solar
PV cells is largely determined by the degree to which best practice and environmental health
and safety guidelines are adhered to. As an importer of PV materials, Australia has a moral
obligation to support efforts to improve conditions, and ensure its imports come from
manufacturers that hold to such guidelines.

Large-scale CST systems may be preferable in Australia because of their relatively low
health impacts and efficiency. Although some such systems can use comparable, or even
greater, amounts of water than fossil fuel, there are signs that improvements in technology
may substantially reduce demand for water. However, there are also benefits that stem from
smaller-scale distributed systems. While the social impacts of solar energy in Australia have
not been studied in depth, there are opportunities for the expansion of jobs directly generated
by the industry and further community benefits from distributed systems in particular.

The likely rise in gas prices as Australia increases its exports, the shrinking coal export
market, and the impacts of climate change may all serve to increase the comparative
advantage of solar over existing fossil fuel technologies. The industry is currently somewhat
underdeveloped, and there are issues of efficiency, along with health and environmental
impacts that will most likely change considerably with improvements to current technology.

While solar energy is not without its health and environmental impacts, these are significantly

less than those accompanying fossil fuels. Large-scale CST solar systems in particular are
an attractive option for contributing to Australia’s future energy needs with minimal impacts.
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