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Abstract :  The aim of this study is to assess the environmental impact of rooftop, ground mounted, and floating photovoltaic 

(PV) systems and to make a comparison among them with the help of PVsyst simulations done at a potential site in Lagos, 

Nigeria which is coupled with an analysis of the lifecycle cost and environmental impact. The main environmental indicators 

which were studied are the land use footprint, carbon emission intensity, heat interaction, biodiversity interference, and lifecycle 

waste burden. The findings demonstrate that rooftop PV installations cause the least environment impact, which is mainly due to 

the fact that no extra land is utilized and there is negligible disturbance to the ecosystems. Floating PV panels improve their 

efficiency by the natural cooling process and thus attain significant carbon-offset potential but at the same time over their 

moderate adverse effects on the aquatic systems which continuously need to be monitored. Ground-mounted PV systems lead to 

the maximum energy generation but their environmental impact is quite serious through quite extensive land clearing, soil 

disturbance, and higher carbon emissions, thus rendering them the least environmentally friendly option. The present 

investigation highlights that the choice of PV installations needs to be based taking local land availability, ecological sensitivity, 

and long-term sustainability goals into account in order to achieve optimum environmental results. 

 

IndexTerms - Photovoltaic (PV) systems, floating solar, ground-mounted PV, rooftop solar, techno-economic analysis, 

PVsyst, levelized cost of energy (LCOE), renewable energy systems. 

I. INTRODUCTION 

The global energy transition's increasing urgency has pushed photovoltaic (PV) systems to be adopted to a greater extent up as a 

main alternative to the fossil-based generation of electricity [1]. Solar PV is one of the sources that are most friendly to the 

environment in the world owing to its low emissions, an  operating period of up to 25 years, and the ability to be adapted at 

different locations such as land or building. Nevertheless, the environmental impact of the solar power plants and their 

dependability is covered by their prohibition on carbon emissions but varies widely according to the situation of each plant and the 

method of installation. The installation style determines the extent to which the land will be disturbed, the interaction with water, 

the thermal behavior, the impact on biodiversity, the recycling possibilities, and the overall ecological sustainability [2], [3]. 

There are three primary installation categories for PV that dominate the current deployment: 

i. Rooftop-Mounted Systems — enable the generation and integration of power into the existing electricity grid via 

buildings [4]; 

ii. Ground-Mounted Systems — set up on unoccupied land and mainly for utility-scale wind projects [5]; 

iii. FPV (Floating PV) — this technology is installed on water bodies and the panels are buoyant [6]; 

The different approaches not only carry individual environmental issues but also present benefits that cannot be overlooked. 

Rooftop systems require land that does not have to be cleared, which makes them highly suitable for densely populated urban areas. 

However, their situation exposes them to the very high heat of rooftops and this heat alters the degradation rate of the module [7]. 

Ground mounted installations make possible the generation of power at a larger scale but sometimes they carry land clearance, soil 

compaction, vegetation removal, and, wildlife migration disruptions with them [5], [8]. Floating PV, the technology that is 

relatively newer, takes panel efficiency to a higher level by taking low-cost water cooling and reducing dirt accumulation as well as 

in its negative impact by interfering somewhat with water ecosystem oxygen level, aquatic plant's sunlight giving, and the thermal 

balance under the array [6], [9], [10].. With the increase in global PV capacity, the criterion for decision-making is shifting from 

pure techno-economic optimization to environmentally friendly deployment planning [3]. Most of the previous researches were 

cost, power output, and performance modeling oriented, while environmental sustainability — especially the comparative impact 

across installation types — has been somewhat neglected. The understanding of the environmental implications of the different 

methods of power generation is crucial not only for the promotion of the renewable energy but also for the sustainable renewable 

energy deployment of the nations that are pushing toward carbon neutrality. 

This paper intends to make a comparison of the three types of PV systems — rooftop, ground-mounted, and floating — purely 

based on environmental indicators of land and water usage, ecological interaction, thermal impacts, material intensity, recyclability, 

and carbon-offset potential. The evaluation done by using previously simulated performance results to project emission 
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displacement and to estimate resource burden, the study provides a systematic assessment framework to assist policy-makers, 

engineers, and investors in selecting the most environmentally friendly PV installation strategies.. 

II. LITERATURE REVIEW 

The environmental impact of solar PV (photovoltaic) deployment has become a very important issue that is being discussed 

more and more, mainly due to the fact that the whole world is embarking on the road to carbon-free energy systems [1].  In general, 

PV installations are categorized into three main structural types, namely rooftop-mounted, ground-mounted, and floating PV 

(FPV). Each of them has a different environmental footprint that is affected by how they interact with land, the materials used, and 

the processes involved in their lifecycle. 

2.1. Rooftop-Mounted PV Systems  

Rooftop installations are connected and fused as one with the existing structure of the building, which means that no extra land 

will be required [4]. A study conducted by [11] has enumerated their advantages in crowded cities, their role in power generation 

together with other sources, and lastly, the capacity to lower the cooling demand of buildings through shading. On the other hand, 

there are still some worries about the increased weight on roofs, the possibility of water getting through the roof, and the problem 

of disposing of the panels when they are no longer in use [7], [12]. These concerns imply that although rooftop PV is of low-impact 

in terms of land use, nevertheless better design still needed for recycling and long-term structural compatibility. 

2.2.  Ground-Mounted PV Installations  

Ground-mounted PV systems are at the apex of global solar power generation from renewables. Their biggest environmental 

issue is land alteration, which includes deforestation, soil compaction, and encroachment on farmland and wildlife [5], [8], [13]. 

Deforestation of agricultural lands and wildlife are among the disfavored environmental nature related to PV systems. To this, 

agricultural solar integration has come up to use the land for dual purposes letting plants and solar power together in the same 

space. On the other hand, large-scale deployment still alters ecosystems, hence environmental sustainability has to be considered 

along with the technical and economic aspects [14]. 

2.3. Floating Photovoltaic (FPV) Systems  

Instead of being deployed on land, FPV systems are floated on water surfaces which makes them more and more popular in 

places where land is scarce. FPV was reported from studies as a method that helps in evaporation reduction, algae growth 

suppression and module efficiency improvement by cooling naturally [6], [9], [15]. 

On the other hand, these benefits have been followed by uncertainties in the literature: the potential hindering of oxygen 

exchange in water bodies, the degradation of materials resulting in pollution, and the impacts on aquatic species being unknown for 

the long term remain the main topics of concerns [10], [16],[17]. 

 Therefore, the environmental advantages of FPV are indicated as yet to be finally and quantitatively assessed.. 

III. METHODOLOGY 

The research procedure is outlined which was used to evaluate and compare the environmental impacts of three major 

photovoltaic (PV) installation methods: rooftop-mounted, ground-mounted, and floating PV systems. The objective of this study is 

to find out the impact of each technology on land use, carbon emissions, local microclimate, biodiversity, and waste generation. 

3.1 Site and System Data 

The site chosen for the study is within Third Mainland Bridge corridor of Lagos state, Nigeria, and the climatic and 

environmental data are of that site. The installed PV systems for the comparison have the same power capacity to make it a fair 

comparison. The following main traits were taken into account while comparing the installation methods: 

i. Rooftop PV: Installed on existing building roofs, no extra land is needed. The thermal effects associated with rooftop 

heat gain are also taken into account [12]. 

ii. Ground mounted PV: It consumes the land which is cleared and thus, the soil and the plants are affected [8]. The 

possible disturbance of land animals' habitats is being considered. 

iii. Floating PV: Installed on water bodies such as reservoirs [16]. The effects on aquatic life, water temperature as well 

as water quality are being considered. 

3.2 Environmental Assessment Indicators 

In selecting five primary indicators, the objective was to reveal the most major environmental impacts [2], [3], [18]: 

i. Land Use Footprint: The total land that installation per megawatt of installed capacity affected is defined as the area 

quantified in square meters per MW (m²/MW). This comprises land clearing, soil disturbance, or water surface 

coverage for floating systems [5]. 

 LUF =   
𝐴𝑟𝑒𝑎 𝐼𝑚𝑝𝑎𝑐𝑡𝑒𝑑 (𝑚2)

Installed Capacity (MW)
                                  (1) 

ii. Carbon Emission Intensity (CEI): Lifecycle emissions given as carbon dioxide equivalents (CO₂e) per MW installed 

were considered in the estimation. This involves the activities of manufacturing, transportation, installation, operation, 

and decommissioning of both PV components and mounting structures. Material differences (e.g., floating PV 

requires additional floats and anchoring) are also considered [12], [19]       

 CEI =  ∑
𝐸𝑖

Installed Capacity (MW)

𝑛
𝑖=1                                                                                 (2)  

where 𝐸𝑖is the carbon emissions from lifecycle stage 𝑖. 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

 

JETIR2603706 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org h50 
 

iii. Heat Interaction Index (HII): This metric calculates the overall thermal impact of the installation on the surrounding 

environment, considering heat island effects or cooling contributions. The index is normalized based on temperature 

changes (ΔT) in °C around the installation site, which can be either measured or predicted. Cooling benefits are 

indicated by positive values, while heat increases are represented by negative ones [7], [15]. 

HII =  
∆𝑇𝑠𝑖𝑡𝑒− ∆𝑇𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒

∆𝑇𝑚𝑎𝑥
                    (3)                                                                                                                                               

calculates where ∆𝑇𝑠𝑖𝑡𝑒 is local temperature change due to installation, ∆𝑇𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒  is natural temperature variation, 

and ∆𝑇𝑚𝑎𝑥 is maximum expected cooling. 
iv. Biodiversity Interference Score (BIS): The level of disturbance to neighboring ecological communities and organisms 

is evaluated. This non-numerical rating is converted into a numerical index by measuring the loss of habitat, the 

movement of species, and the change of ecosystem functions, which are then normalized to a scale from 0 (no impact) 

to 1 (very high impact) [8], [10]. 

v. Lifecycle Waste Burden (LWB): It evaluates the materials' recyclability and at the same time the problem of waste to 

be handled at the end of the system's life [12], [20]. It is given as: 

LWB 
𝑊𝑎𝑠𝑡𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑟 ℎ𝑎𝑧𝑎𝑟𝑑𝑜𝑢𝑠 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑀𝑊)
                   (4) 

The environmental impact (EI) for each solar photovoltaic installation method is then combined using a weighted linear 

combination of these indicators:  

                                EI =  (𝑤1𝐿𝑈𝐹) +  (𝑤2𝐶𝐸𝐼) +  (𝑤3𝐻𝐼𝐼)  + (𝑤4𝐵𝐼𝑆) +  (𝑤5𝐿𝑊𝐵)                                 (5) 

where: 

 𝑤1 − 𝑤5 are weights assigned according to the priorities of environmental policies and the sensitivities of the regions 

concerned. 
 Before weighting, the indicators are normalized to a common scale. 

 EI  gives a total score of the environmental impact and thus, allows the methods of installation to be compared easily 

against each other. 

3.4 Comparative Analysis Model  

Systematic scoring methodology as an approach marks the base of the comparative environmental assessment to draw the 

line between different PV installation types via their five indicators: 

Indicator Normalization: The first step is to scale the environmental metrics so that they range from 0 to 1 which makes their 

comparison easier. Comparing methods used are min-max scaling or z-score standardization, and the choice depends on data 

distribution [21]. 

Scoring Scale: For every normalized indicator, a three-point scoring scale is used [22]: 

𝑆𝑗 =  {

+1 𝑖𝑓 𝑡ℎ𝑒 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑖𝑠 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 ,
0, 𝑖𝑓 𝑖𝑡 𝑖𝑠 𝑛𝑒𝑢𝑡𝑟𝑎𝑙 𝑜𝑟 𝑚𝑜𝑑𝑒𝑟𝑎𝑡𝑒 

−1, 𝑖𝑓 𝑖𝑡 𝑖𝑠 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑜𝑟 ℎ𝑒𝑎𝑙𝑡ℎ − 𝑑𝑒𝑔𝑟𝑎𝑑𝑖𝑛𝑔 
}  

Where 𝑆𝑗 is the score for indicator 𝑗. 

Weighted Scoring: The next step is to find the total environmentally friendly score (𝐸𝑠𝑐𝑜𝑟𝑒)for each technique of 

installation, which is as follows: 

𝐸𝑠𝑐𝑜𝑟𝑒  =  ∑ 𝑤𝑗
5
𝑗=1 𝑥 𝑆𝑗                                                                                            (6) 

Where 𝑤𝑗  are the indicators’ weights, expressing their importance in the region's environmental context. 

Interpretation: 

A higher score means that the corresponding method has a lower environmental impact [23].  In this way, the model provides 

decision-makers with the possibility of quantitatively balancing several environmental aspects, thus facilitating the choice of PV 

installations based on informed grounds. 

. 

 

IV. RESULTS AND DISCUSSION 
 This part describes the results of the comparative environmental assessment made between rooftop-mounted, ground-

mounted, and floating PV systems focusing on the five previously defined indicators. 

4.1 Indicator-Based Comparison Summary 

The systems that have been evaluated were rated according to LUF, CEI, HII, BIS, and LWB by means of the weighted model: 

Table 4.1: Indicator-Based Comparison Summary 
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Indicator Rooftop 

PV 

Ground-Mount 

PV 

Floating 

PV 

Land Use Footprint (LUF) +1 -1 +1 

Carbon Emission Intensity 

(CEI) 

0 +1 0 

Heat Interaction Index (HII): -1 0 +1 

Biodiversity Interference 

Score (BIS): 

+1 -1 0 

Lifecycle Waste Burden 

(LWB): 

0 0 -1 

Total Score +1 -1 +1 

 

Table 4.2: Indicator-Based Comparison Summary 

 

Installation 

Type 

Land Use 

Footprint 

Cooling/Heat Effect Biodiversity 

Impact 

Waste & Carbon 

Burden 

Overall 

Environmental 

Rating 

Rooftop PV Minimal 

land use 

Neutral to slightly 

cooling 

No ground 

disturbance 

Moderate lifecycle 

emissions 

Environmentally 

favorable 

Ground-

Mounted PV 

Highest land 

occupation 

Possible heat 

concentration 

Moderate to high 

interference 

Heavy construction 

carbon input 

Least favorable 

environmentally 

Floating PV Zero land 

use 

Cooling effect from 

water 

Mild aquatic 

disturbance but 

reversible 

Moderate material 

footprint 

Highly favorable 

(second to rooftop) 

 

4.2. Key Observations 

The analysis presented in Table 4.1 shows that rooftop PV and floating PV systems achieved their top scores which resulted in 

better environmental outcomes than ground-mounted PV systems. 

i. The existing building structures of rooftop PV systems enable them to achieve high performance because their operation 

does not require additional land usage and their operation does not create adverse effects on local biodiversity. 
ii. Floating photovoltaic systems demonstrate high performance because they conserve land and benefit from the water 

bodies which provide a cooling effect yet material use and ecological monitoring methods still require careful evaluation. 

iii. The ground-mounted photovoltaic system received its lowest rating of -1 because Table 1 assessment found that large-

scale installations would occupy land space which would lead to potential biodiversity loss.  

 

4.3. Implications For Deployment 
The results presented in Table 4.1 suggest the following deployment strategies: 

 Urban areas: Rooftop PV should be prioritized as it utilizes existing infrastructure and avoids land-use conflicts. 

 Water bodies: Floating PV serves as a viable solution because it produces electricity while using water-based cooling 

from the environment. 

 Rural areas: Ground-mounted PV remains appropriate for extensive power production because it requires open space, 
which can be used when environmental consequences are properly controlled. 

 

 

4.4 Environmental Trade-offs 

Table 4.3: Environmental Trade-offs 

 

Benefit Cost 

Rooftop PV does not 

require land stress 

Building strength and 

space limit the rooftop 

option 

Floating PV provides 

cooling to the panels 

which leads to the 

generation of electricity 

Change possibly 

related to aquatic 

oxygen and turbidity 

Ground-mounted 

photovoltaic is a huge step 

to solar power future 

Land and heat 

exchange implications 

are major setbacks. 
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Figure 4.1: Environmental Impact Indicator Comparison 

V. CONCLUSION 

In this research, the environmental effects of three principal installation methods of photovoltaic (PV) systems—rooftop-

mounted, ground-mounted, and floating—were assessed and compared by five indicators: Land Use Footprint (LUF), Carbon 

Emission Intensity (CEI), Heat Interaction Index (HII), Biodiversity Interference Score (BIS), and Lifecycle Waste Burden (LWB). 

The weight-based assessment combined with indicator scoring revealed the following different behaviors of impacts: 

• The rooftop PV showed the lowest environmental burden, which was mainly due to the occupation of zero land and very 

little interference to the environment. 

• Floating PV was performing quite well from the environmental point of view, especially in terms of land saving and 

thermal moderation; however, monitoring of aquatic life is still necessary. 

• Ground-mounted PV was the cause of the highest environmental impact, mainly due to land use, heat accumulation, and 

massive installation emissions. 

Installation method selection significantly affects the environmental sustainability, thus context-sensitive deployment strategies 

should be used rather than a blanket adoption model. 

REFERENCES 

[1] R. Asghar, M. H. Sulaiman, Z. Mustaffa, N. Ullah, and W. Hassan, “The important contribution of renewable energy 

technologies in overcoming Pakistan’s energy crisis: Present challenges and potential opportunities,” Energy & Environment, vol. 

34, no. 8, pp. 3450–3494, Dec. 2022, doi: 10.1177/0958305x221134110. 

[2] S. Wu et al., “Discussion on the development of offshore floating photovoltaic plants, emphasizing marine environmental 

protection,” Frontiers in Marine Science, vol. 11, Mar. 2024, doi: 10.3389/fmars.2024.1336783. 

[3] Chr. Lamnatou and D. Chemisana, “Concentrating solar systems: Life Cycle Assessment (LCA) and environmental 

issues,” Renewable and Sustainable Energy Reviews, vol. 78, pp. 916–932, May 2017, doi: 10.1016/j.rser.2017.04.065. 

[4] T. R. Ayodele, A. S. O. Ogunjuyigbe, and K. C. Nwakanma, “Solar energy harvesting on building’s rooftops: A case of a 

Nigeria cosmopolitan city,” Renewable Energy Focus, vol. 38, pp. 57–70, Jun. 2021, doi: 10.1016/j.ref.2021.06.001. 

[5] D.-J. Van De Ven et al., “The potential land requirements and related land use change emissions of solar energy,” 

Scientific Reports, vol. 11, no. 1, p. 2907, Feb. 2021, doi: 10.1038/s41598-021-82042-5. 

[6] S. Ogunjo, A. Olusola, and C. Olusegun, “Potential of using floating solar photovoltaic and wind farms for sustainable 

energy generation in an existing hydropower station in Nigeria,” Clean Technologies and Environmental Policy, vol. 25, no. 6, pp. 

1921–1934, Feb. 2023, doi: 10.1007/s10098-023-02480-9. 

[7] A. Khan et al., “Rooftop photovoltaic solar panels warm up and cool down cities,” Nature Cities, vol. 1, no. 11, pp. 780–

790, Oct. 2024, doi: 10.1038/s44284-024-00137-2. 

[8] R. R. Hernandez, M. K. Hoffacker, M. L. Murphy-Mariscal, G. C. Wu, and M. F. Allen, “Solar energy development 

impacts on land cover change and protected areas,” Proceedings of the National Academy of Sciences, vol. 112, no. 44, pp. 13579–

13584, Oct. 2015, doi: 10.1073/pnas.1517656112. 

[9] T. Kjeldstad, D. Lindholm, E. Marstein, and J. Selj, “Cooling of floating photovoltaics and the importance of water 

temperature,” Solar Energy, vol. 218, pp. 544–551, Mar. 2021, doi: 10.1016/j.solener.2021.03.022. 

[10] K. Ilgen, D. Schindler, S. Wieland, and J. Lange, “The impact of floating photovoltaic power plants on lake water 

temperature and stratification,” Scientific Reports, vol. 13, no. 1, p. 7932, May 2023, doi: 10.1038/s41598-023-34751-2. 

[11] V. V. Tyagi, S. C. Kaushik, and S. K. Tyagi, “Advancement in solar photovoltaic/thermal (PV/T) hybrid collector 

technology,” Renewable and Sustainable Energy Reviews, vol. 16, no. 3, pp. 1383–1398, Jan. 2012, doi: 

10.1016/j.rser.2011.12.013. 

[12] S. Weckend, A. Wade, and G. Heath, “End of life management: solar photovoltaic panels,” Jun. 2016. doi: 

10.2172/1561525. 

[13] E. Tinsley, J. S. P. Froidevaux, S. Zsebők, K. L. Szabadi, and G. Jones, “Renewable energies and biodiversity: Impact of 

ground‐mounted solar photovoltaic sites on bat activity,” Journal of Applied Ecology, vol. 60, no. 9, pp. 1752–1762, Aug. 2023, 

doi: 10.1111/1365-2664.14474. 

[14] C. Toledo and A. Scognamiglio, “Agrivoltaic Systems Design and Assessment: A Critical Review, and a Descriptive 

Model towards a Sustainable Landscape Vision (Three-Dimensional Agrivoltaic Patterns),” Sustainability, vol. 13, no. 12, p. 6871, 

Jun. 2021, doi: 10.3390/su13126871. 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

 

JETIR2603706 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org h53 
 

[15] S. Oliveira-Pinto and J. Stokkermans, “Marine floating solar plants: an overview of potential, challenges and feasibility,” 

Proceedings of the Institution of Civil Engineers - Maritime Engineering, vol. 173, no. 4, pp. 120–135, Jul. 2020, doi: 

10.1680/jmaen.2020.10. 

[16] A. Lafitte et al., “Existing evidence on the effects of photovoltaic panels on biodiversity: a systematic map with critical 

appraisal of study validity,” Environmental Evidence, vol. 12, no. 1, p. 25, Nov. 2023, doi: 10.1186/s13750-023-00318-x. 

[17] C. A. Umeh, A. U. Nwankwo, P. O. Oluka, C. L. Umeh, and A. L. Ogbonnaya, “The role of renewable energies for 

sustainable energy governance and environmental policies for the mitigation of climate change in Nigeria,” European Journal of 

Applied Science Engineering and Technology, vol. 2, no. 2, pp. 71–98, Mar. 2024, doi: 10.59324/ejaset.2024.2(2).08. 

[18] G. E. Halkos and E.-C. Gkampoura, “Reviewing usage, potentials, and limitations of renewable energy sources,” 

Energies, vol. 13, no. 11, p. 2906, Jun. 2020, doi: 10.3390/en13112906. 

[19] R. Frischknecht et al., “Life cycle inventories and life cycle assessments of photovoltaic systems,” Jan. 2015. doi: 

10.2172/1561526. 

[20] A. Sharma, P. Mahajan, and R. Garg, “End-of-life solar photovoltaic panel waste management in India: forecasting and 

environmental impact assessment,” International Journal of Environmental Science and Technology, vol. 21, no. 2, pp. 1961–1980, 

May 2023, doi: 10.1007/s13762-023-04953-2. 

[21] B. Van Haaster, A. Ciroth, J. Fontes, R. Wood, and A. Ramirez, “Development of a methodological framework for social 

life-cycle assessment of novel technologies,” The International Journal of Life Cycle Assessment, vol. 22, no. 3, pp. 423–440, Jul. 

2016, doi: 10.1007/s11367-016-1162-1. 

[22] J. P. T. Higgins et al., “The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials,” BMJ, vol. 343, 

no. oct18 2, p. d5928, Oct. 2011, doi: 10.1136/bmj.d5928. 

[23] V. Fthenakis and M. Raugei, “Environmental life-cycle assessment of photovoltaic systems,” in Elsevier eBooks, 2017, 

pp. 209–232. doi: 10.1016/b978-1-78242-336-2.00007-0. 

 

http://www.jetir.org/

