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Abstract 
 

Environmental Impact Study: 
CSP  
vs. 

CdTe thin film photovoltaics 
 

by 
Zoë Montgomery 

Dr. Robert T. Clemen, Advisor 
November 30, 2009 

 
 Due to the recent market fascination with alternative energy, there has been a 
proliferation in solar energy technologies.  Among all the new technologies, it is hard to 
see which will be successes and which will become obsolete as the industry matures.  
Even more difficult is analyzing the environmental impact of each of these technologies.  
The industry and recent entrants often tout the lack of resources needed to operate a solar 
plant, but ignore the resources required to get a product into operation. 

This study compares the two cheapest and most recently developed technologies 
in the solar energy industry: concentrated solar power parabolic trough technology and 
cadmium telluride photovoltaic solar panel technology. The two technologies are 
analyzed at a utility scale. The input materials and embodied energy are analyzed using 
two life cycle analysis tools: the EIOLCA tool from Carnegie Mellon and GaBi.  
Embodied energy is compared to the energy output of the respective technologies using 
two metrics: energy return on energy invested, and energy payback time.  In addition to 
energy input and output, the two technologies are compared on land use, water use, and 
toxicology. 

The results of this study show that both technologies have advantages and 
disadvantages with respect to the impacts studied.  Cadmium telluride photovoltaic 
technology is more efficient in terms of water and energy payback time, while 
concentrated solar trough technology is more efficient in terms of land use, toxicity, and 
energy returned on energy invested.   
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Introduction – Goal of Study 
 

The purpose of this study is to show an in-depth comparison of the life cycles of 

the most recent CSP technology versus that of cadmium telluride (“CdTe”) thin film 

photovoltaic (“PV”) technology.  In addition to a traditional look at the life cycle of each 

technology, the study will look at land use, water use, and toxicity issues involved in the 

manufacturing and operation of each of the technologies.  These two solar products were 

chosen for the study due to their current applicability in the solar energy market: each is 

considered the technology within the concentrated solar power (“CSP”) and PV markets 

that will be most applicable in the near future.   

 In order to compare each technology, the study will use the following two plants, 

both near Las Vegas, Nevada, as proxies for each technology: the First Solar El Dorado 

PV plant (10 MW rating, 16 GWh output per year, 20 year expected life span) and the 

Nevada Solar One CSP plant (64 MW rating, 130 GWh output per year, 30 year expected 

life span).  The El Dorado plant is the only large scale functioning CdTe PV plant in the 

US and Nevada Solar One is the largest operating CSP plant in the nation.  These two 

plants were chosen both because they are the best operating examples in the field and 

because their output would not be affected by differences in solar radiance due to their 

proximity.  In order to use the Nevada Solar One plant as the CSP sample plant, it was 

necessary to change the materials to reflect the most recent CSP technology.  This study 

accounts for the changes in technology by using the material inputs required for updated 

technology (e.g., lighter frames and mirror material) at a level that would produce the 

same energy output as Nevada Solar One.  The new technology does not change the size 
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of the product nor the land required, thus Nevada Solar One can be used as the proxy for 

land use. 

 Table 1 below details the materials required for each plant along with the dollar 

amounts for each material.  It should be noted that although the CSP plant uses 

significantly more materials, it is also significantly larger than the PV plant.   

Table 1 – Comparison of El Dorado (PV) and Nevada Solar One (CSP) plants 
 

Rated power (MW)
Expected annual energy output (GWh)
Expected lifetime (years)

Materials used per MWh of lifetime 
energy output kg/MWh $/MWh kg/MWh $/MWh
Aluminum 0.7193 2.3738$                1.117 3.6860$               
CdTE 0.0871 0.0572$               
Concrete 2.6643 0.1172$               
Copper 0.0718 0.2765$                0.0148 0.0571$               
Glass 9.4497 10.7373$             0.1096 0.1245$               
Oil 0.2915 0.2182$                0.0763 0.0571$               
Plastics* 0.2537 2.1673$                0.3359 1.9152$               
Steel* 9.8321 7.7766$                2.1765 11.7916$            

20

64
130
30

*Per‐kg costs  for plastics  and steel  vary substantia l ly between the  PV and CSP plants , due  to differences  in the  speci fic 
plas tics  or steel  used.

El Dorado (PV) Nevada Solar One (CSP)
10
16

 
 
Scope of Study 
 

This study focuses on four segments of the life cycle: land use, water, toxicity, 

and energy return on energy investment (“EROEI”) with a comparable measure of energy 

payback time.  Based on the information investigated in this study, the scope will vary 

depending on the environmental segment being discussed.  However, for all segments it 

will be assumed that each technology is being deployed at a utility scale for commercial 

use.   

 For the topic of land use, the scope is very simple.  The study investigates the land 

required for the Nevada Solar One CSP plant and the El Dorado PV plant, both of which 
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are located in Boulder City, NV. The former represents CSP technology and the latter 

represents PV technology.  For the purposes of this study, these plants are comparable 

because the physical proximity controls for any weather variation.  Although the CSP 

technology discussed here is different from the technology that exists at Nevada Solar 

One, the land requirement is very similar for both types of troughs.  The reporting metric 

for land use is acres per gigawatt per year.  

 Water is discussed more theoretically in this study.  It would be ideal to analyze 

the precise amount of water used in manufacturing processes for each of the 

technologies; however, manufacturing techniques and processes are proprietary and could 

not be obtained for this study.  In the place of specific water usage, this study will look at 

the water consumed in the entire process of bringing input materials for each technology 

to market. In addition, it will compare the three possible cooling options for CSP 

technology to show how water usage may be reduced in the operations of a CSP plant. 

 The next issue discussed is toxicity.  As it relates to thin film CdTe solar panels, 

this study looks specifically at the cadmium (“Cd”) and lead used in these panels.  These 

are the only input materials that are examined for PV solar panels because of their known 

health effects.  For CSP, the only input material that is discussed is the silver used in the 

mirrors.  Because these materials in each technology are discussed the most in terms of 

toxicity, they will be the only materials discussed in this section of the study. 

 For the EROEI section, this study looks at the energy invested in terms of input 

materials.  Manufacturing processes of the final product are not considered in the energy 

invested tabulation due to the lack of information available because of its proprietary 

nature.  For energy returned, the study estimates the amount of useful electrical energy 
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that will be produced over the lifetime of each plant.  The EROEI analysis also considers 

a second metric for comparison, “energy payback time”.  The energy payback time is 

calculated using the same input figures as the EROEI metric, but the payback time metric 

represents the time in months that it takes for a power plant to produce the same amount 

of useful electrical output as was required to fabricate and erect the plant.  

Land Use 
 

The El Dorado solar plant is constructed on 80 acres of land in Boulder City, NV 

and the plant’s expected average annual energy output is approximately 16 gigawatt 

hours (“GWh”) of power (1).  This is the most recent and relevant CdTe thin film solar 

plant therefore it is the baseline for the land use portion (and other portions) of this study.  

This study uses the land usage and energy output numbers to come up with an acre per 

GWh per year metric that is used to compare the two technologies in a reasonable 

manner. 

 For the El Dorado plant, 5 acres are used per GWh per year.  This is more than 

double the approximately 2 acres per GWh per year used for the Nevada Solar One CSP 

plant.  This plant was constructed on 300 acres of land and produces an annual average of 

130 GWh of power (2).  When looking at these two sites specifically, it seems that CSP is 

more efficient in terms of land use.  Using one plant as the sample size for each type of 

technology is less scientific; however, the difference between 5 and 2 acres/GWh/year is 

quite significant and any estimations or small improvements to lower the acre/GWh/year 

needed for a plant would not cover the large gap.  These are the two best examples that 

exist in the United States for each technology; however, this topic can be revisited when 

the El Dorado plant adds an additional 48 MW of capacity in the next year. 
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Water 

PV 

In comparing PV with other solar technologies, PV developers and manufacturers 

sometimes claim that PV does not use water.  However, PV panels must be washed in 

order to maintain efficiency.  Although this does not require a large amount of water, 

there does need to be access to water at the site of a PV plant.  Furthermore, it is 

necessary to look at the entire life cycle of a product to determine its water usage.  The 

life cycles of many of the input materials to CdTe panels require water in various stages 

of development.  This section focuses on input materials and their water usage. 

 To begin, the cadmium and telluride used in thin film PV panels is found through 

mining processes.  Cadmium is a byproduct of zinc mining and telluride is a byproduct of 

the treatment of various metals after being mined (3).  Water is used in mining the 

element, processing the element, and then moving that element to its final destination (4).  

Mining is a highly water-intensive process, thus discrediting the claim that PV does not 

use water throughout its useful life.  In addition to the small amounts of these elements 

needed to make a thin film PV panel, there are other materials that must also be 

considered when considering water consumption.  

 One part of a PV field that is often overlooked is the balance of system (“BOS”): 

the parts needed to support the panels in a free-standing solar field.  The BOS uses many 

materials that use water in production including aluminum, steel, and plastic to name a 

few. In addition to these materials, a PV panel is made up of two glass panels encasing 

the CdTe and other conducting elements (6).  Glass is manufactured using furnaces to 

melt recycled glass or heat up the new glass brought into the factory.  These furnaces use 

 8



fuel combustion to heat up and water to cool down the system.  Water is also used as a 

blow down mechanism in this process (7).   

 Using the life cycle analysis software, GaBi, the input materials used for CdTe 

PV plants were used to determine the water that goes into the production of input 

materials.  When the water usage of each input material was added to the others, it can be 

shown that CdTe PV plants use 7.54 gallons of water per MWh produced over the 

lifetime of the plant.  This is quite comparable to the amount of water that goes into the 

production of input materials for CSP plants.  CSP water usage will be discussed below. 

 It is true that when the PV panels are set out into the field to conduct electricity, 

water other than that used for washing the panels is not a factor; however, as more solar 

fields are deployed, water must be considered as PV panels are manufactured for the 

projects.  Although the PV industry cannot directly impact the water usage of the 

materials used for manufacturing, it is a topic that needs to be more widely discussed 

within the industry when deciding between PV and other renewable energy technologies.  

It is especially important for siting PV manufacturing facilities because they could be 

sited where water is more abundant.  This will, however, spark a necessary conversation 

about the tradeoff between water usage and transportation emissions as PV plants would 

most likely be sited in fairly arid climates far from water abundance. 

CSP 

CSP uses water in the process of producing energy, and the input materials also 

require the use of water.  This section looks first at input materials and then moves to the 

ways in which new technology can result in reduced water consumption in the use phase. 
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 The majority of the newest CSP space frame technology is made up of aluminum.  

The amount of water used in aluminum production can be reduced by using recycled 

aluminum, but aluminum is still the largest water consumer among the materials needed 

to manufacture a CSP trough.  The other input materials in a CSP trough, such as steel 

and plastic, consume some water in their production processes, but are insignificant when 

compared with aluminum.  According to the GaBi life cycle software, CSP input 

materials use 9.08 gallons of water per MWh produced over the lifetime of the plant.  

This number is just over the amount of water used for CdTe PV technology and due to 

the fact that some assumptions were used in the study, a conclusion cannot be made as to 

which technology uses less water for input material production. 

 The production of input materials is not a water issue that the CSP industry can 

tackle itself and aluminum is the lightest, most efficient metal used to date to support a 

CSP trough.  Because the industry cannot make changes to the aluminum mining and 

manufacturing processes, this study focuses more closely on the impacts that the industry 

itself can have on water usage. 

 CSP plants and other power plants using steam generators traditionally use a 

water cooling system to condense the steam.  Because many solar plants are being built in 

hot and dry areas due to solar intensity, the industry has begun looking at other cooling 

options to conserve water.  In addition to water cooling, it is possible to use an air cooling 

system or a hybrid system that utilizes both technologies depending on the ambient 

temperature.  

 Figure 1 shows how a wet cooling system functions.  Both a once-through wet 

cooling system and a recirculating wet cooling system work in similar ways.  The turbine 
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releases steam and the steam is then condensed and released either back into the body of 

water from which it was taken (once-through) or back into the system along with new 

water to replace the water that evaporated and to start the process again (8).  

Figure 1 – Wet Cooling System 

 
This figure retrieved from “Concentrating Solar Power Commercial Application Study: Reducing Water 
Consumption of Concentrating Solar Power Electricity Generation.” US Department of Energy. 2001. 
 

In contrast, an air system uses no water but instead cools and condenses the steam 

using ambient air.  This system is the best for water conservation, but also uses more 

energy and is more expensive to purchase and install.  An air cooling system also has 

varying efficiencies depending on the air temperature; the efficiency lowers as the 

temperature rises.  This is distinct from a water cooling system which has a consistent 

efficiency despite ambient air temperatures (9). 

 A diagram from an air cooling system is shown in Figure 2.  This system, rather 

than condensing the steam as a water cooling system does, releases the heat to the air. 
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Figure 2 – Dry/Air Cooling System 

 
This figure retrieved from “Concentrating Solar Power Commercial Application Study: Reducing Water 
Consumption of Concentrating Solar Power Electricity Generation.” US Department of Energy. 2001. 
 

Because neither of these technologies produces perfect results (the wet cooling 

system uses quite a bit of water and the air cooling system has inconsistent results 

depending on the temperature) the industry has also looked into hybrid cooling systems 

which use both technologies.  These systems combine a wet cooling system and an air 

cooling system to function at different ambient temperatures.  The percentage of time that 

each system is used varies from plant to plant, but the general idea behind a hybrid 

system is that the wet cooling system begins functioning when the ambient air 

temperature reaches high enough temperatures such that the air cooling system is no 

longer efficient (10).   

 Figure 3 shows a diagram of a hybrid cooling system that is equipped with both 

wet and dry cooling capabilities. 
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Figure 3 – Hybrid Cooling System 
 

 
This figure retrieved from “Concentrating Solar Power Commercial Application Study: Reducing Water 
Consumption of Concentrating Solar Power Electricity Generation.” US Department of Energy. 2001. 
 

This option seems to give a plant operator the best of both worlds: higher 

efficiency and lower water consumption; however, the hybrid system still proves to be 

more expensive and less efficient than the original wet cooling system.  Table 2 shows 

the cost difference between a wet cooling system and a dry or hybrid cooling system.  

The table uses the wet cooling system as a base and shows how much the cost of either 

the dry cooling system or the hybrid system differs from the base.  The table shows that 

the dry and hybrid systems consume much less water than the wet cooling system, but at 

a much higher cost. 
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Table 2 – Financial Comparison of Cooling Systems 
 

 
 
 

 
 

Table data retrieved from “Concentrating Solar Power Commercial Application Study: Reducing Water 
Consumption of Concentrating Solar Power Electricity Generation.” US Department of Energy. 2001. 
 

The results of Table 2 seem to show a major flaw in the effort to reduce water 

consumption in CSP technology: cost.  Although it is more environmentally friendly to 

use a dry cooling system, it is not cost-effective to those funding the project.  Figure 4 

suggests that this trend could be reflected in the marketplace as the number of planned 

dry-cooled plants seems to be decreasing around the world.  As the world economy 

struggles, it seems that choices must be made between cleaner energy and smarter 

investments, but the United States seems to be choosing the former.  The number of dry 

cooling plants in the US has increased steadily and is continuing to increase in the 

foreseeable future.  This could be related to new regulations limiting the amount of water 

allotted to power plants in combination with stricter renewable energy portfolio 

standards. 
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Figure 4: Dry Cooling plants in the US and the World 
 

 
Chart from “Comparison of Alternate Cooling Technologies for California Power Plants: Economic, 
Environmental, and other Tradeoffs.” California Energy Commission. February 2002. 
 

In spite of the increase in dry cooling plants, CSP’s water usage is still an issue 

and could put it at a disadvantage in the marketplace.  Although PV uses water in the 

production of input materials and the manufacturing process, CSP might need to lower its 

water usage where possible to more effectively compete with PV on this issue.  Water is 

not currently included in many life cycle analyses of both technologies; however, as the 

demand for cleaner energy increases and the competition becomes more intense, water 

will become a more pressing issue in the arid regions where solar energy is feasible.  The 

CSP industry is looking for solutions to reduce water consumption in a way that keeps 

efficiency high and maintains the reliability of the energy source.  However, in the case 

of solar fields connected to existing power plants, the CSP industry does not have the 

choice between wet cooling and dry cooling as the system is already in place.  In these 

cases, the choice is not between wet cooling and dry cooling, but rather between fossil 

fuel energy and renewable energy. 
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 Overall, water consumption in the solar industry is not well understood at a life 

cycle level.  According to this study’s research on input materials, CdTe PV technology 

and CSP technology are very comparable in terms of water usage.  However, it is clear 

that the CSP market should continue to look for ways to reduce water use in the field 

where possible.  Process water is currently the only water that is being discussed in the 

market and therefore should be addressed by the CSP industry. 

Toxicity 
 
 In this section, the toxicity impacts of PV and CSP are examined. The scope of 

this study precludes a complete risk analysis, including exposure and toxicological 

analyses, that would lead to quantitative estimates of incremental health risks. However, 

it is possible to compare the two technologies in terms of hazardous materials used in 

production of the systems.  

 
PV 

The most controversial material used in CdTe PV panels is cadmium.  In addition 

to cadmium, there is a possibility that lead could exist in certain parts of the PV panel.  

Although it is possible to use lead-free solder when producing PV panels, it is not 

required in the United States and therefore cannot be assumed (11). 

 Although the material used in CdTe PV panels is cadmium telluride, the Office of 

Safety and Health Administration (“OSHA”) makes no distinction between elemental 

cadmium and cadmium telluride.  This is significant because elemental cadmium is a 

known lung carcinogen when inhaled and can cause detrimental effects on the kidneys 

and the bones when ingested.  In addition, OSHA requires that humans not be exposed to 

the element at levels higher than 0.005 mg/m3 (12).  Because of this requirement, CdTe 
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panel manufacturers must be very cognizant of the levels of CdTe being emitted in 

transport and during the manufacturing process and must protect all employees from any 

emissions higher than the indicated levels.  As a point of reference, First Solar’s El 

Dorado Solar Plant contains approximately 845,000 grams of cadmium in the entire plant 

(based on an estimate of 7 g/m2) (13).  This is a substantial quantity compared to the 

levels OSHA has designated as hazardous. 

 As well as the employee and employer risk involved in handling and using CdTe 

in manufacturing products, there is the risk of the unknown.  Elemental cadmium’s risks 

have been proven through scientific experiment, but the risk of CdTe is not well known.  

OSHA treats CdTe the same as Cd, but it is different in that it is more stable chemically 

and less soluble in liquid.  However, there have not been studies conducted to prove that 

CdTe is in any way “less harmful” than cadmium alone (14) or studies to prove that CdTe 

is more harmful.  In fact, CdTe has been shown to be very stable and harmful only in the 

disposal process if handled incorrectly. 

 The argument among those in the PV industry is that cadmium would be 

discarded as hazardous waste if not used in PV panels.  This is because cadmium is an 

inevitable byproduct of zinc mining and its only other major use is in nickel cadmium 

(“NiCad”) batteries (15).  Although there is some merit to this statement, CdTe panels 

have not been in existence long enough to discover what will happen when they need to 

be decommissioned.  Recycling is an option but may also bear some risk.  Current 

recycling techniques use smelters which could increase the risk of inhalation of cadmium 

and thus increase the risk of lung cancer.  If not recycled, it may be the case that the same 
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panels end up in the same hazardous waste landfills causing the same risk as the original 

cadmium would have caused.   

 There is an additional concern with Cd that although it is currently an inevitable 

byproduct of zinc mining, it is a byproduct that is contained to the area in which the zinc 

is mined.  If Cd is used in solar fields around the world, it will be harder to contain and it 

could be argued that the problem with this hazardous material will be proliferated and 

become much more difficult to manage. 

 In conclusion, according to OSHA, cadmium is an unsafe material.  It is not yet 

well known how this material will be disposed of at the end of its life, but the CdTe PV 

panel industry carries a large risk from a health and safety perspective by using cadmium 

in its panels.  With the OSHA requirements related to the handling of cadmium, it could 

add to the cost of PV panels to ensure the safety of those working in manufacturing and 

recycling facilities.  However, upon further study, OSHA may find that CdTe is much 

more stable than elemental cadmium and the risk could be nearly eliminated if the OSHA 

regulations are lifted on the material.  The current manufacturers using this material are 

mitigating the health risks of the material fairly well and the OSHA regulations serve 

mainly as a cost risk.  With these regulations lifted, CdTe may not be a risk in the toxicity 

category. 

 The toxicity of lead is not quite as severe as that of cadmium, but it is also an 

input material that could cause health issues.  According to the EPA, human health is 

most affected when lead is ingested.  Lead ingestion can lead to developmental problems 

in children and various health problems in adults ranging from reproductive issues to 

muscle and joint pain (16).  Lead can be found in the PV circuits, wiring, copper strips, or 
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printing paste and may be inhaled if lead dust is anywhere around the production area 

(17).  Most manufacturing facilities in the United States no longer use lead, but 

outsourced parts could be manufactured with lead in other countries.  Companies 

receiving parts from other countries or manufacturing in other countries should be aware 

of the possibility of these parts containing lead.  If the panels do contain lead and are 

retired in 20+ years, the breakdown of the panel for recycling or disposal could cause 

lead exposure. 

CSP 

All of the materials used in CSP troughs are proven to be safe at the levels 

required for trough and mirror manufacturing; however, if humans are exposed to silver 

in very large quantities, it can be toxic over time.  This section focuses on silver as it is 

the only material used in the CSP manufacturing process known to cause severe health 

problems.  Silver is hazardous to human health through ingestion, dermal contact, or 

inhalation.  It has only been known to be toxic to humans when entering the human 

system in very large quantities and the most common effect is argyria, a permanent bluish 

tint to the skin.  This is not, however, damaging to health, but rather a purely cosmetic 

effect.  Studies have been done to test if silver can cause cancer, but all studies thus far 

have resulted in little evidence to link the element to cancer.  The EPA classifies silver as 

“not classifiable as to human carcinogenicity” (18).   

 Silver is used in the mirrors for CSP and workers would rarely come in contact 

with the silver as the mirrors have a protective coating over the silver layer.  However, it 

is necessary to discuss the toxicity of the element due to its existence in the product.  
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Overall, silver poses little threat to both the manufacturer and the employees as a toxic 

material.  The risks involved in using silver are very low. 

 One thing that is important to note for older CSP technology is that lead was used 

in mirrors in the past.  If an older solar plant were to be replaced with newer technology, 

the removal of the old mirrors would involve the handling and disposal of lead.  This 

could be seen as a hazard when switching fields over to newer technologies due to the 

health risks of lead discussed in the PV section under toxicity. 

 On the topic of toxicity, the PV industry needs to consider the effects of using 

cadmium in thin film technology because of its health risks, but the CSP industry is not 

currently using any materials that can be classified as toxic at the same levels of 

cadmium. 

Energy Return on Energy Invested and Energy Payback Time 
 

In order to calculate the energy return on energy invested (“EROEI”) for both PV 

and CSP technologies, it is necessary to first set a boundary to define what parts of the 

life cycle should be examined for each product.  Because EROEI is a ratio, total lifetime 

energy output in kWh (energy returned) was divided by total energy input (energy 

invested) and those numbers were compared for each technology.  In addition to EROEI, 

energy payback time was calculated for each technology.  This metric shows the amount 

of time in months that it will take to pay back the original energy invested.  This number 

is calculated taking the energy invested and dividing it by the energy per month which is 

the average annual energy output divided by twelve months. 

 First, due to the proprietary nature of manufacturing activities both for CSP and 

PV, the energy invested was calculated using estimated weights and monetary values of 
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input materials only.  Energy consumption for specific manufacturing processes was not 

considered for this study.  Rather, energy consumption was calculated using estimated 

monetary values of each input material and calculating the kilowatt hours (“kWh”) used 

to produce that amount of material according to Carnegie Mellon’s economic input-

output life cycle analysis website (19).  Each technology was broken down into 

components and then each component was broken down into its materials as shown in 

Table 3 below. 

Table 3 – Component and Material breakdown for PV and CSP analysis 
 

PV CSP
Panels Solar Collector Assembly

Glass (including HTF system)
Plastics Aluminum

CdTe Plastics
Balance of System Steel

Plastics Glass
Aluminum Power Block

Steel Steel
Copper Concrete

Inverters Transformer
Computer Steel

Transformers Copper
Steel Oil

Copper
Oil  

 
For energy returned, the study uses total lifetime output numbers for the 

representative solar plants for CSP (Nevada Solar One) and for PV (El Dorado).  For CSP 

technology, the solar field energy invested figures are based on a solar field using 514 

solar collector assemblies.  The CSP solar field figures are based on tests conducted with 

a prototype unit and from publicly available information from the Nevada Solar One 

plant.  The lifetime of the CSP plant is assumed to be thirty years with the exception of 

the mirrors which have been modeled from an energy-invested perspective as being 

replaced at year fifteen. 
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 The PV information is based on the El Dorado Solar plant which is currently a 

10MW solar plant with 167,400 panels operating at twenty percent of peak power.  The 

lifetime of PV technology was assumed to be twenty years with a one percent annual 

degradation rate.  

PV 

To calculate the energy invested for PV, this study first used the breakdown of 

input materials provided in the study, “Life cycle assessment and energy payback time of 

advanced photovoltaic modules: CdTe and CIS compared to poly-Si.” (20).  This 

information was then consolidated to exclude the electricity and water inputs to come to a 

final quantity in g/m2 of each input material.  The ratios of each material were then 

multiplied out to reflect the total number of meters squared used in 167,400 panels of PV 

technology.  Using the 167,400 panels that exist in the El Dorado solar plant and the 

dimensions given for First Solar’s CdTe panels in the study, “Emissions from 

Photovoltaic Life Cycles” (21), the 10 MW El Dorado facility measures out to be 

120,528 m2.   

 After obtaining the quantity necessary for each material used in the actual panels 

(glass, plastic, and cadmium telluride) it was necessary to find a price for each material to 

enter into Carnegie Mellon’s tool to come to an energy usage number.  The study, 

“Experience scaling up manufacturing of emerging photovoltaic technologies” (22), gave 

prices for each of the materials which were then multiplied by quantity to get a total 

monetary value to enter into the life cycle tool to obtain energy invested. 

 To determine the EROEI for the BOS of the PV technology it is necessary to 

complete the aforementioned steps required for the panels.  The quantities of each 
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material, aluminum, steel, copper, and plastic, were obtained in the life cycle assessment 

study where the panel material quantities were also found (23).  The prices of each 

material were assumed using various sources including company assumptions, internet 

spot price websites, and assumption information from other studies.  

 Before actually looking up the dollar value for each material in the life cycle tool, 

it was necessary to convert today’s dollars into 1997 dollars to compare equal dollars in 

the life cycle tool (all dollars from the tool were in 1997 dollars).  Once the dollar values 

of each material were finalized, the Carnegie Mellon life cycle tool was able to calculate 

the kWh of energy invested for each material.   

 Using all of the information gathered, EROEI was calculated for PV technology.  

PV technology returns almost fourteen times the energy originally invested to build a 

solar plant.  This information is demonstrated in Figure 5 below as well as the equivalent 

information for CSP technology with and without the power block included.  In addition, 

Table 4 shows the breakdown of the various materials and components used for PV and 

their MWh usage throughout their life cycles.  Material proxies were used for each 

component in order to gather data from the Carnegie Mellon economic input-output 

tables. 
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Figure 5 – EROEI for CSP and PV technologies 
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Table 4 – MWh Usage for Materials and Components in PV 
 
MWh Panels Balance of System Inverters Transformers
Glass 9216 0 0 0
Plastics 77 3171 0 0
CdTe 75 0 0 0
Aluminum 0 1480 0 0
Steel 0 5672 0 220
Copper 0 38 0 142
Oil 0 0 0 379
Computer 0 0 2682 0  
 

After calculating the EROEI for PV, the energy payback time was calculated.  

The total energy invested was divided by the monthly energy output and the result is a 

payback period of nearly seventeen and one half months.  

CSP 

To find the energy invested for CSP technology, the process is very similar to that 

used for the PV technology.  The major materials were identified with CSP specification 

information.  The major materials used in the CSP troughs are aluminum, plastic, and 

steel.  The prices for these materials were then obtained through assumptions to multiply 
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out the total dollar amount needed for the equivalent energy output of the Nevada Solar 

One plant, or 514 solar collector assemblies.   

 Once a total dollar amount was calculated, the dollars were converted into 1997 

dollars in order to use the output information from Carnegie Mellon’s life cycle tool.  

Each material was then located in the life cycle tool and a total number of kWh were 

calculated.  Once the kWh hours were obtained, the energy returned on energy invested 

was calculated.  CSP technology returned nearly twenty two times the energy invested.  

This information can be seen compared to PV technology in Figure 5 above.  In addition, 

Table 5 below shows the breakdown of the various materials and components used in 

CSP and their MWh usage throughout their life cycles.  Material proxies were used for 

each component in order to gather data from the Carnegie Mellon economic input-output 

tables. 

Table 5 - MWh Usage for Materials and Components in CSP 
 

MWh SCA Power Block Transformer
Aluminum 28088 0 0

Plastics 35087 0 0
Steel 20154 88357 705
Glass 1307 0 0

Concrete 0 2044 0
Copper 0 0 453

Oil 0 0 1213  
 

Overall, it can be concluded through the research for this study that CSP 

technology will return more energy over its lifetime than the most current PV technology 

when analyzing input materials for a stand-alone solar plant.  In addition, the energy 

investment number could be much lower for CSP technology if the plant were connected 

to an already existing fossil fuel plant.  In this case, the need for a power block would be 

eliminated due to its prior existence at the participating fossil fuel plant.  The power 
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block of a CSP plant comprises about half of the energy investment and thus its 

elimination would double the EROEI.  It is not an option for PV technology to use 

existing infrastructure for its solar fields which makes a connected CSP plant the best 

solar option in terms of its energy footprint. 

 Once the EROEI was calculated for both a stand-alone CSP plant and a connected 

CSP plant, the energy payback period was calculated by dividing the total energy 

invested by the monthly average output.  The result for a stand-alone plant is nearly 

sixteen and one half months which is slightly lower than the payback period for a PV 

plant.  For a connected plant, the energy payback period is 8 months or about half that of 

a stand-alone plant.  This again highlights the energy footprint benefit of a connected 

plant. 

Conclusion 
 

In terms of overall environmental impact, CSP technology seems to be a better 

option.  The technology uses approximately 50% less land than PV technology, does not 

have any OSHA-regulated toxic materials to work with in the manufacturing process, and 

has a higher EROEI factor than PV.  Water usage is still something that CSP 

professionals are working on, but dry cooling seems to be a valid option to reduce water 

usage in the future.  In addition, the PV industry needs to begin a life cycle analysis on 

water usage to determine the quantity of water that goes into the production of input 

materials and the quantity of water that is used in the manufacturing process of PV panels 

and BOS components.  However, using the input materials and water usage found for this 

study, water is much more urgent for the PV industry because there is really no large 

advantage over the CSP industry here.   
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 In Table 6 below, CSP and PV are compared directly on each topic discussed in 

this study.  This table summarizes the information found on each technology. 

Table 6 – Environmental Impact by Category 
 

PV CSP (stand-alone plant)
Land Use (acres/GWh/yr) 5 2
Water (gal/MWh) 7.54 9.08
Toxicity (risks) cadmium silver
EROEI 13.78 21.98
Energy payback time (yrs) 0.07 1.36  
 

Using Table 6, it can be concluded that CSP is better in terms of land use, 

toxicity, and EROEI while PV is better in terms of water and energy payback time.   

 With the option of dry cooling and the addition of complete life cycle 

transparency in the PV industry as it relates to water, CSP may still be revealed as the 

technology with a smaller environmental footprint. Though both technologies will help to 

relieve the power industry of its fossil fuel addiction, CSP seems to be the more 

environmentally feasible option using the least resources in terms of land use, toxicity, 

and energy investment. 
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