
LIFE CYCLE GREENHOUSE GAS
EMISSIONS FROM SOLAR
PHOTOVOLTAICS

The majority of GHG emissions come from the

operational stage for the coal-, natural gas-, and

oil-fuel cycles, while the material and device

production accounts for nearly all the emissions for

the PV cycles. The GHG emissions from the

nuclear-fuel cycle are mainly related to fuel

production, i.e. mining, milling, fabrication,

conversion, and 

Jungbluth reported the life-cycle metrics of various

PV systems (2000 vintage) under average insolation

in Switzerland (1100 kWh/m2/yr) (3). He estimated

green-house gas (GHG) emissions in the range of

39???110 g CO 2-equiv/kWh and EPBT of 3???6

years. There are a few life-cycle studies of

thin-???lm PV tech-

Evaluating the levelized costs and life cycle

greenhouse gas emissions of electricity generation

from rooftop solar photovoltaics: a Swiss case

study, Xiaojin Zhang, Alina Walch, Martin R?dis?li,

Christian Bauer, Peter Burgherr, Russell McKenna,

Guillaume Habert  Zhou H 2022 Life cycle

assessment of solar PV system - an update of life 
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Photovoltaic solar power (PV) is an important

source of renewable energy, producing electricity at

much lower greenhouse gas (GHG) emissions than

conventional fossil-based technologies [] 2019,

global PV capacity reached 580 GW [] and

generated ?? 1/4 720 TWh of electricity, roughly 3%

of current global electricity production [].PV is now

the third-largest ???

The resulting energy payback time and greenhouse

gas emission factor of the all-perovskite tandem  A.

P. C. Faaij, Life-cycle greenhouse gas emissions

and energy payback time of current and prospective

silicon heterojunction solar cell designs. 

Photovoltaics: Life-cycle analyses. Solar Energy 85,

1609???1628 (2011). Crossref. Web of 

The greenhouse-gas (GHG) emissions during the

life-cycle stages of the 24 kW p Amonix HCPV are

estimated as an equivalent of CO 2 using an

integrated time horizon of 100 years; they include

CO 2, CH 4, N 2 O, and chlorofluorocarbons. Unlike

fixed, standard PV configurations in which the

emissions mostly are linked with manufacturing the

solar 
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Life Cycle Greenhouse Gas Emissions . from

Concentrating Solar Power. Over the last thirty

years, more than 100 life cycle assessments (LCAs)

have been conducted and published for a variety of

utility-scale concentrating solar power (CSP)

systems. These LCAs have yielded wide-ranging

results. Variation could be

Although there is a carbon footprint associated with

solar panels, the life-cycle emissions of solar

electricity are around 12 times less than natural gas

and 20 times lower than coal. And unlike burning

fossil fuels, there is tremendous potential to further

reduce the carbon footprint of solar panels.

integrating greenhouse gas emissions and vertical

equity Ioanna Kavvada, Scott Moura and Arpad

Horvath-The influence of life cycle inventory

approaches on the choice of structural systems to

reduce the embodied greenhouse gas emissions of

tall buildings J Helal, A Stephan and R H

Crawford-GHG emission requirements and

(C) 2025 Solar Energy Resources 3 / 11 Web: https://www.gebroedersducaat.nl



LIFE CYCLE GREENHOUSE GAS
EMISSIONS FROM SOLAR
PHOTOVOLTAICS

Name Size Type Resource Description History; Life

Cycle Emissions Factors for Electricity Generation

Technologies, by Life Cycle Phase: 27.89 KB: Data:

A table containing the distribution of literature

estimates of greenhouse gas emissions for the

following electricity generation and storage

technologies: biopower, coal, concentrating solar

power, geothermal, ???

Our assessment reveals the following. Within the

"best" sample of 41 articles evaluated, the average

lifecycle greenhouse gas emissions for wind energy

were 34.1 g CO 2-eq/kWh, whereas solar PV

averaged 49.9 g CO 2-eq/kWh.Essentially, these

measures represent the amount of GHGs released

in grams for each kWh of electricity that the

technology ???

The most carbon intensive mainstream solar power

(typical rooftop single-crystalline silicon

photovoltaics installed in northern Europe) emits

less than one fourth the life cycle greenhouse gas

emissions of the least carbon intensive mainstream

fossil power (natural gas combined cycle), if

attributional life cycle assessment is used for the 
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In their research, they examined more than 153

studies on the life-cycle CO2 emissions of a range

of wind and solar photovoltaic (PV) technologies,

and selected 41 for deeper analysis, allowing the

scholars to better understand the emissions of

current technologies as well as pinpoint where

emissions occur and under what circumstances,

and thus 

Published and harmonized estimates of life . cycle

GHG emissions for solar (PV and CSP), wind,

nuclear, and coal technologies are compared in the

figure on this page. The figure includes the median

value, the number of estimates, and the number of

references analyzed for each technology. These

results show that: ??? Total life cycle GHG

emissions

Environmental Life Cycle Assessment of Electricity

from PV systems, version 2020 R. Frischknecht, L.

Krebs (Ed.)  Greenhouse gas emissions g CO 2-eq

42.5 42.3 36.3 26.5 Resource use, fossil fuels MJ

0.54 0.38  Subtotal solar glass 79.34% 79.15%

87.19% 96.48%
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Given the high deployment targets for solar

photovoltaics (PV) needed to meet U.S.

decarbonization goals, and the limited carbon

budget remaining to limit global temperature rise,

accurate accounting of the energy-use and

greenhouse-gas emissions over the life-cycle of PV

systems is needed.

It finally estimates the current life cycle greenhouse

gas emissions of CdTe PV electricity produced on

the roofs of European residences to be

approximately 30 g CO2-eq per kWh. Based on the

projected changes to key parameters and the

background system, life cycle GHG emissions could

be reduced to 70 % (scenario BAU), 44 % (scenario

REAL) and 

We present the process and the results of

harmonization of greenhouse gas (GHG) emissions

during the life cycle of commercial thin-film

photovoltaics (PVs), that is, amorphous silicon

(a-Si), cadmium telluride (CdTe), and copper indium

gallium diselenide (CIGS).

(C) 2025 Solar Energy Resources 6 / 11 Web: https://www.gebroedersducaat.nl



LIFE CYCLE GREENHOUSE GAS
EMISSIONS FROM SOLAR
PHOTOVOLTAICS

N2 - The National Renewable Energy Laboratory

(NREL) recently led the Life Cycle Assessment

(LCA) Harmonization Project, a study that helps to

clarify inconsistent and conflicting life cycle ???

In Canada, solar energy contributed only 0.6% of

the total electricity generation in 2018, but it is a

rapidly growing energy source with high potential in

the future [9].With an installed capacity of 3040 MW

and 2.2 TWh generation, Canada contributed

around 1% of the global solar capacity [10].The

country has around 138 solar PV farms with a

capacity of greater than or ???

This paper contains an extensive review of life cycle

assessment (LCA) studies on greenhouse gas

emissions (GHG) from different material-based

photovoltaic (PV) and working mechanism-based

concentrating solar power (CSP) electricity

generation systems. Statistical evaluation of the life

cycle GHG emissions is conducted to assess the

role of different PVs and CSPs in ???
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While PV power's operating greenhouse gas (GHG)

emissions are negligible compared to those of fossil

power, its upstream emissions are not. GHG

emissions from the entire life cycle of PV power

production have been estimated at 76, 53, and 27 g

of CO 2 equivalent per kilowatthour of AC electricity

generated (gCO 2 e/kWh) for sc-Si, mc-Si, and

CdTe PV, ???

Solar photovoltaic energy has the greatest potential

to mitigate greenhouse gas emissions if

manufactured in North America and Europe but

deployed in Africa, Asia, and the Middle East,

according 

generation from greenhouse gas emissions Parikhit

Sinha First Solar Tempe, USA

parikhit.sinha@firstsolar Andreas Wade  emissions,

wind and utility-scale solar PV have the lowest life

cycle cost for decoupling electricity generation from

GHG emissions ($0.03-0.06 per kg CO 2-eq

avoided). Because GHG emissions are
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The emissions of criteria pollutants during the life

cycle of a PV system are largely proportional to the

amount of fossil fuel burned during its various

phases, in particular, PV material processing and

manufacturing; therefore, the emission profiles are

close to those of the greenhouse-gas emissions

(Fig. 6).

We determined the greenhouse gas (GHG)

emissions, namely, CO 2, CH 4, N 2 O, and

chlorofluorocarbons due to materials and energy

flows throughout all stages of the life of commercial

technologies for solar-electric- and nuclear-power

generation, based on data from 12 photovoltaic (PV)

companies, and reviews of nuclear-fuel life cycles in

the 

Life cycle CO 2 equivalent (including albedo effect)

from selected electricity supply technologies

according to IPCC 2014. [3] [4] Arranged by

decreasing median (g/kWh CO 2 eq)

values.Technology Min. Median Max. Currently

commercially available technologies Coal ??? PC:

740: 820: 910 Gas ??? combined cycle: 410: 490:

650 Biomass ??? Dedicated: 130: 230: 420 Solar

???
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Life Cycle Greenhouse Gas Emissions of Thin-film

Photovoltaic Electricity Generation: Systematic

Review and Harmonization As clean energy

increasingly becomes part of the national dialogue,

lenders, utilities, and lawmakers need the most

comprehensive and accurate information on GHG

emissions from various sources of energy to inform

policy 

solar PV by 2030 2 and would get about 10,700

GWh electricity annually from these distributed solar

PV systems. LIFE CYCLE ASSESSMENT OF

SOLAR PV SYSTEMS o Life cycle assessment

(LCA) is a cradle-to-grave analysis of environmental

impacts of a system. ESF researchers analyzed the

life cycle stages of solar PV systems including: ?1

raw materials''

life cycle assessment (LCA) meta-analysis solar

Supporting information is available on the JIE Web

site Summary Published scienti???c literature

contains many studies estimating life cycle

greenhouse gas (GHG) emissions of residential and

utility-scale solar photovoltaics (PVs). Despite the

vol-ume of published work, variability in results 
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Water electrolysis powered by solar photovoltaics

(PV) is one of several promising green hydrogen

production technologies. It is critical that the life

cycle environmental impacts and net energy

balance are assessed to ensure that

solar-electrolysis can contribute to the deep

decarbonisation of global energy.  Life-cycle

greenhouse gas 
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