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Abstract- Using a method of multidimensional analysis, this study compares several renewable resources and technologies. 

Using the check-list matrix method, the environmental impacts of various renewable technologies are evaluated and 

compared based on their significance, impact, and duration. Based on their impact on soil, air, and water resources, solar 

thermal technologies and direct combustion of bio-mass resource received the highest impact scores, posing threat to the 

environment. However, renewable energy from run-of-river is the most promising and sustainable option, followed by wind 

and solar PV with moderate of low impact scores. Based on the qualitative analysis conducted in the study, it study reports 

that all renewable technology options have a low to high varying significance impact on the environment and cannot be 

considered a comprehensive solution to Pakistan's environmental problem. 

 
Index Terms-- Renewable Technologies Assessment, Multi-Dimensional Impact Assessment, Environmental Sustainability 

 

I. INTRODUCTION 

Since the industrial revolution, the global energy demand has 

increased. Fossil fuels have played a significant role in meeting 

energy demands. However, the increased use of fossil fuels to 

meet energy demand has not only exacerbated the problem of 

energy security but has also exponentially increased global 

emissions [1–3]. Similar to other nations, Pakistan relies heavily 

on fossil fuels to meet its energy needs. Approximately 80% of 

the demand is met by conventional sources such as 

nonrenewable resources [4]. This accelerated supply to meet 

demand has negatively impacted Pakistan's environment, 

forcing policymakers to consider a greener alternative, such as 

renewable energies, to continue development while addressing 

environmental concerns [5]. 

Renewable resources are viewed as a promising option for 

optimally satisfying the energy demand. Renewable resources 

are self-renewing and emit no direct emissions during use [6]. 

However, renewable technologies continue to produce a 

significant amount of emissions throughout their lifetime, 

beginning with their fabrication and continuing through their 

commissioning and decommissioning [7]. Several nations, 

including Pakistan, have invested in renewable technologies to 

combat environmental issues. However, the utilization of 

renewable technologies in reducing these emissions and 

addressing the issue must be evaluated. 

In the presented work [8–13], numerous researchers have 

presented the life cycle assessment of various renewable 

technologies. However, these studies did not provide a 

comprehensive comparison of all renewable technologies. In 

addition, no comprehensive analysis of the applicability and 

comparison of various renewable technologies has been 

presented in the context of Pakistan. This study aims to analyze 

the environmental impacts of renewable technologies in 

response to the research question, “Is the use of Renewable 

Energy a comprehensive solution to environmental problems?" 

The study evaluates the objective based on two primary 

variables: 1. Direct Effects of Diverse Renewable Technologies 

on the Environment; 2. Indirect Effects of Diverse Renewable 

Technologies on the Environment. 

 
II. METHODOLOGY 

In recent years, a variety of impact assessment methods have been 

developed to analyze different aspects of impacts based on the 

need. Various researchers employ various methods and 

techniques for environmental impact assessment [14, 15]. 

Multiple variables and approaches constitute the optimal 

approach for Environmental Impact Assessment. Among the best 

EIA practices, the following approaches are employed most 

frequently: 

1. Recognizing and defining the Effect 

2. Analyzing the direct and indirect effects of the proposed action 

3. Determining the impact's magnitude or significance 

The research employs a method of multidimensional analysis to 

assess the impact. The study adheres to the methodology outlined in 
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Fig. 1. Environmental Impact Assessment of various renewable 

technologies in the context of Pakistan is conducted using an 

impact assessment matrix. This methodology provides an overview 

of the distribution and classification of the impact various 

renewable resources and their technologies by analyzing various 

variables such as time and importance. It investigates the entire life 

cycle of renewable resource utilization. This approach emphasizes 

the identification of impacts and quantification of those impacts so 

that they can be compared and analyzed relative to various 

renewable technologies. 

The proposed   methodology   involves   a combination of 

approaches: 

1. Identification of Impact 

2. Evaluation of Impact 

a. The character of impact 

b. The time duration of impact 

c. The significance of impact 

3. The Quantification of Impacts 

4. Comparison among the impacts score of different 

Renewable Technologies. 

The use of this methodology provides a clear understanding of the 

extent of impact caused by various renewable technologies, as well 

as quantified results for decision-makers and policymakers to plan 

and implement possible solutions for the utilization of various 

renewable technologies in Pakistan. Based on its LCA, each 

technology's impact factor is evaluated. The magnitude of the 

impacts are rated on a scale from 0 to 5 according to the following 

scale: No impact, Very low impact, Acceptable impact, Moderate 

impact, High impact, and Very high impact, respectively. 

 

 
Figure 1: Methodology Flow Diagram. 

III. RESULTS & DISCUSSION 

For the Pakistan case study, a multidimensional checklist method is 

used to analyze the environmental impact of various renewable 

technologies. This is primarily because the checklist method 

quantifies the results, which greatly assists in validating the data. It 

provides a comprehensive understanding of the baseline situation, 

as well as the quantification and comparison of the effects of 

various renewable technologies.  

 

A. IMPACT OF SOLAR PV AND THERMAL TECHNOLOGIES 

Solar PV technologies have a tolerable impact on ground and 

surface water sources; however, during the manufacturing of 

solar cells, a significant amount of water, approximately 

0.023m3/MWh, is consumed, making the impact rating on water 

usage moderate [16]. Earth-extracted silicon and other metals 

are utilized in the manufacturing of solar PV technologies. This 

contributes to soil contamination, making the impact moderate. 

The production of solar photovoltaic (PV) systems is energy 

intensive and produces a substantial amount of greenhouse gases 

[17]. This gives solar PV technologies a high impact score in 

terms of greenhouse gas emissions. Solar PV technologies have 

a low conversion efficiency, necessitating a large deployment 

area to maximize energy production. This has a moderate to 

high impact on the diversity of flora and fauna, as well as soil 

erosion resulting from land use change. In the case of Pakistan, 

most solar panels are brought into the country, thus offsetting 

the impact of manufacturing. In the case of Pakistan, all major 

deployments of solar technologies are either on the rooftops of 

buildings or on marginal lands, which significantly reduces the 

impacts Similar to solar PV technologies, solar thermal 

technologies have minimal impact on the ground water supply. 

However, solar thermal technologies have a moderate effect on 

the quality of surface water and water consumption. Solar 

Thermal require an average of 3.07 m3/MWh of water over the 

lifetime of the system, as well as significantly contaminate the 

surface water through mixing of specialized fluids used in the 

technologies with the surface water or high temperature water 

leakage from the system [16] [18]. In addition, because thermal 

technology has a lower conversion efficiency, it necessitates a 

large land area, resulting in a significant amount of land use and 

landscape change, as well as an impact on soil contamination 

and erosion. However, solar technologies require less energy 

during production, resulting in lower GHG emissions than Solar 

PV technologies. These effects are typically transient and of 

local significance, and the likelihood of their occurrence is 

typically moderate to high. 

B. IMPACT OF WIND TURBINE TECHNOLOGIES 

Wind turbine technologies comparable to solar photovoltaics 

have minimal impact on surface and ground water resources and 

use less water than solar technologies [19, 20]. Moreover, wind 

turbine technologies require less space for implementation and 

have a higher energy density per area than other technologies. 

Due to the movement of wind turbine blades and flickering 

effect, wind turbine technologies have moderate to severe 

impacts on land scaping and the biodiversity of flora and fauna 

[21]. 

In addition, the movement of the blades results in the loss of 

fauna diversity, as birds and other species become entangled in 

the blade coverage area, resulting in a moderate impact [9]. 

C. IMPACT OF BIO-MASS TECHNOLOGIES 

In contrast to solar and wind technologies, bio-mass technologies 
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have a moderate to high impact on surface and ground water 

and consume large quantities of water throughout their life 

cycle [22][23]. This is primarily due to the fact that the majority 

of bio- masscomes from plants and other organic sources, which 

require a great deal of water. Moreover, bio-mass direct 

combustion and gasification technologies generate a substantial 

amount of greenhouse gas emissions, primarily CO2, CO, NOx, 

and other flue gases, as well as particulate emissions, which 

significantly degrade air quality [22] [24]. However, they have 

negligible or negligible effects on land use, land scaping, and 

threaten the diversity of flora and fauna less than other 

technologies [25]. These effects are typically long-lasting, have 

local to regional significance, and have a greater likelihood of 

occurring Table I. 
Table I 

Impact Score Matrix of various Renewable Technologies 

 Renewable Technologies  

Env. 

Components 

Sola 

r PV 

Solar 

Therma 

l 

Wind 

Turbin 

e 

Bio- 

Mas 

s 

DC 

Bioga 

s 

Hydro 

Reservoi 

r 

Hydro 

ROR 

Surface 
Water 

1 3 1 0 2 3 1 

Ground 
Water 

1 1 1 3 4 2 1 

Water Usage 2 3 1 3 4 1 1 

Soil 
Contaminatio 
n 

2 3 2 2 2 2 2 

Soil Erosion 3 4 2 3 2 3 0 

Air Quality 1 3 0 5 3 2 3 

GHG 
Emission 

4 2 2 5 3 2 3 

Noise 0 0 3 0 0 0 0 

Diversity of 
Flora 

2 2 3 1 1 3 3 

Diversity of 
Fauna 

2 2 3 1 1 3 2 

Land Use 4 5 2 2 2 5 1 

Land Scaping 2 3 4 0 0 2 1 

TOTAL 
IMPACT 
SCORE 

24 31 23 27 26 26 12 

 

D. IMPACT OF HYDRO TECHNOLOGIES 

Hydro-Technologies, in contrast to Solar or Wind 

Technologies, have a significant impact on surface and ground 

water resources, particularly in the case of hydro reservoir 

systems [20], [26]. Due primarily to the retention of water in the 

reservoir, the water level in the surrounding areas rises, 

bringing with it soil salts and metals to the upper surface, where 

they mix with ground and surface water, thereby degrading their 

quality. However, this effect is minimal in the case of run-of-

the-river technology. Another significant disadvantage of 

hydro-reservoir technology is  

the need for large land areas for storage, which severely 

degrades soil quality, causes soil erosion, and results in the loss 

of habitat for flora and fauna. In addition, hydro technologies 

pose a grave threat to the diversity of flora and fauna because 

they alter or disrupt the natural flow channel and habitat of 

aquatic flora and fauna [20] [27]. 

 

E. SUITABILITY OF RENEWABLE TECHNOLOGY FOR 

PAKISTAN 

The environmental impacts of numerous renewable technologies 

and resources available in Pakistan are analyzed. Among the 

resources evaluated, river-run hydropower received the lowest 

impact score of 12, followed by wind power and photovoltaics. 

The bio-mass conventional use of Direct combustion for space 

heating and other applications received the highest impact score. 

Due to the fact that it does not necessitate any specialized 

infrastructure for implementation, river-run hydropower has the 

lowest impact score. Moreover, it uses the kinetic energy of 

moving water for energy harvesting, causing minimal 

environmental disruption. Wind energy, on the other hand, has a 

negligible impact because its production requires less energy and 

less space. However, it has significant sociological effects, such 

as the shadowing effect and noise pollution's effect on fauna 

diversity [28]. 

Direct combustion of bio-mass is the most harmful renewable 

technology from the perspective of Pakistan. This not only 

produces uncontrolled flue gases, but also causes a reduction in 

air quality with regional and, in some cases, transnational 

significance. However, solar PV and thermal systems do not 

have a significant impact on Pakistan's environment because the 

majority of environmental damage, such as greenhouse gas 

emissions, is produced during the manufacturing phase. Pakistan 

does not produce these technologies domestically, but rather 

imports them from other nations, thereby reducing its 

environmental impact on the country's mainland. These 

technologies' low operational emissions have a negligible effect 

on Pakistan's environment. 

Reservoir-based hydropower is one of the largest contributors to 

Pakistan's electricity mix. However, these reservoirs have caused 

significant damage in Pakistan, particularly in the case of 

Mangla Dam, where an entire area was evacuated to be used as a 

water catchment area, disrupting the local eco system and 

causing environmental damage. Pakistan is an agricultural nation 

with major waterways flowing from the north to the south. Wind 

potential exists in the coastal, central, and western regions of 

Pakistan, whereas solar potential is widespread across Pakistan's 

terrain. The ice-capped mountains in the northern region of 

Pakistan generate a significant amount of water flow in the rivers 

of the region. This water flow has a tremendous potential for 

producing energy via river runoff. In addition, this type of 

utilization will necessitate low capital expenditures and cause 

minimal environmental damage, providing Pakistan with green 

energy development. 

Based on the discussion in the preceding sections, renewable 

energy sources such as wind, solar, bio-mass, and hydro power 

are acknowledged as promising alternatives for reducing 

emissions from fossil fuels. However, a significant number of 

emissions, environmental impacts, and concerns are still 

associated with their use. On a small scale, environmental 

concerns and effects are less significant. However, when applied 

on a large scale, these impacts cause severe environmental 

concerns, making renewable technologies less desirable and less 

desirable for implementation. To achieve sustainable energy, 

these concerns must be addressed, and the location, type, and 

infrastructure development of these renewable technologies must 



   

103 

 

receive particular attention. Based on the preceding discussion, 

it can be concluded that Renewable technologies are not a 

complete solution to the environmental problems in the current 

context. 

 

IV. CONCLUSION & RECOMMENDATIONS 

Solar, wind, biomass, and hydropower have been demonstrated 

to be a superior alternative to conventional fossil fuels, resulting 

in a substantial decrease in emissions. However, the results 

demonstrate the impact significance of various renewable 

technologies in Pakistan, indicating that not all renewable 

technologies produce a sustainable outcome. Renewable 

technologies such as direct combustion of bio-mass and solar 

thermal pose a direct threat to the environment in the vicinity, 

resulting in a higher impact score and significance. In the 

context of Pakistan, technologies such as run-of-river 

hydropower, solar photovoltaics, and wind turbines are 

promising options for implementation as alternative energy 

sources, primarily due to their implementable areas and 

manageable impacts. To achieve a sustainable solution, 

however, a proper impact mitigation plan must be formulated 

and implemented. The study concludes that, based on the 

results' inferences, the use of renewable energy is not a 

complete environmental solution. To achieve a comprehensive 

solution to Pakistan's environmental problems, it is necessary to 

design and implement a fully sustainable eco-system. 
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