
EVALUATING ALTERNATIVE SOURCES OF POWERING THERMOMAT FOR GOLD EXTRACTION IN GHANA: A MULTI-CRITERIA DECISION-MAKING PERSPECTIVE

ABSTRACT

Gold has a substantial economic worth; it is an indispensable economic commodity for investment, sensitive electronic design and applications. Nonetheless, both the adverse environmental impacts and high cost of operations emanating from the complex processes engulfing gold extraction inevitably endorses the need to adopt sustainable energy inputs. This study therefore evaluates alternative sources of power for thermomat operations in gold extraction in Ghana. The main purpose of the study was to evaluate the performance of diesel, LPG and electricity as existing sources of powering thermomat for gold extraction in Ghana. The main method applied is the multi-criteria decision-making (MCDM) model. Aggregate weighted normalized scores (AWNS) were computed using quantitative data collected via questionnaire administration and desk search methods. Both quantitative and historical designs were used. A sample size of 563 comprising 60 from the top-management stratum, 3 from stakeholder stratum was obtained through convenient sampling; and 500 from the inhabitant stratum through simple random sampling. It was discovered that LPG presents the best power alternative with the highest AWNS of 1 in respect of economic feasibility, while electricity ranks the best power source with highest AWNS of 0.82 and 1 subject to environmental impacts and regulatory and policy implications respectively. LPG ranks the best power source with highest average AWNS of 0.8241 for all consolidated criteria. This thesis therefore, has essential implications for sustainability in mining operations and environment.
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1.0 Introduction
The mining industry is one of the major drivers of global economic development, supplying essential raw materials for sectors such as construction, technology, and manufacturing. Gold, in particular, holds significant economic value and serves as a high-value commodity for investment and for sensitive industrial and electronic applications. However, the extraction of gold is complex, requiring sustainable energy inputs that contribute not only to high operational costs but also to environmental impacts.
Gold extraction is a multifaceted process involving exploration, ore processing, refining, and production. Traditionally, gold has been extracted through various mining methods such as underground mining, open-pit mining, and alluvial or dredging mining. Once the ore body is excavated, it undergoes several processing stages to extract gold nuggets and separate them from associated minerals. One of the primary methods for gold extraction, according to Oraby (2009), is cyanidation, a chemical process that uses cyanide solutions to dissolve gold from the ore. Other methods include gravity separation, flotation, and heap leaching, as well as upgrading leach solutions through absorption and elution using activated carbon. Although each method presents unique advantages and challenges, a common requirement across them is maintaining maximum temperature throughout the processes, which is critical to efficient gold extraction and cost minimization.
Mining is an energy-intensive sector, with energy consumption accounting for a significant share of operational costs. Energy is required for multiple purposes, including the powering of heavy mining equipment and fixed plants such as ore haulage and processing systems. The choice of energy source has far-reaching implications for both economic feasibility and environmental sustainability. Igogo et al. (2021) report that the most common conventional energy sources used in mining operations include electricity, diesel fuel, and natural gas. Each has strengths and limitations: electricity is widely used to power infrastructure and equipment, offering reliability and relatively lower emissions of harmful gases; diesel fuel is valued for its portability and high energy density, particularly in mobile equipment, but it incurs higher costs and contributes heavily to greenhouse gas (GHG) emissions.
The importance of energy sources in mining operations cannot be overstated, as energy costs directly influence profitability and competitiveness (Mathu & Chinomona, 2013). Beyond financial considerations, there is growing recognition of the environmental and social consequences of energy use in mining, including greenhouse emissions, air and water pollution, and community impacts. As pressures increase on mining companies to cut costs, enhance efficiency, and minimize environmental harm, attention has shifted toward alternative energy options. Among these, liquefied petroleum gas (LPG) has gained recognition as a promising solution due to its lower emissions compared to electricity and diesel fuel, cost-effectiveness, and suitability for remote or off-grid mining sites.
By better understanding the dynamics of gold extraction processes and the critical role of energy sources, stakeholders can make informed decisions that optimize energy use, enhance sustainability, and support long-term value creation in the mining sector. Nevertheless, despite the growing attention, challenges remain in identifying the most suitable energy source for thermomat operations in gold extraction. While LPG has been recommended as an environmentally friendly option (Oseni, 2016), it is limited by storage and logistical constraints. Diesel offers reliability and capacity for heavy loads but at the cost of higher emissions, while electricity, although environmentally cleaner and potentially cheaper in the long run, suffers from supply reliability issues and high initial grid expansion costs.
Existing evaluation models such as cost-benefit analysis (CBA), life cycle cost analysis (LCCA), levelized cost of energy (LCOE), discounted cash flow (DCF), input-output analysis (IOA), environmental impact assessment, and energy return on investment (EROI) have been employed to assess the economic and environmental viability of energy sources. However, these models are limited in scope, as they often fail to simultaneously address multiple competing criteria such as economic cost, efficiency, environmental impacts, regulatory requirements, and social considerations. This limitation makes it difficult to select the most suitable thermomat-powering source in the presence of conflicting trade-offs.
To bridge this methodological gap, this study adopts a Multi-Criteria Decision-Making (MCDM) framework, which provides a more comprehensive approach by integrating economic, environmental, social, and technical factors in evaluating existing energy sources for powering thermomats in Ghana’s gold extraction industry. The MCDM model enables stakeholders to assess trade-offs, identify optimal solutions, and prioritize actions based on multiple criteria. By incorporating stakeholder preferences, uncertainties, and system dynamics, the study offers a robust framework for guiding sustainable energy transitions in Ghana’s mining sector.
2. MATERIALS AND METHODS 
2.1. Study Area and Population
The study area is Tarkwa municipal in the western region of Ghana. The total population of Tarkwa  is calculated to be One hundred and thirty-six thousand (136, 000) approximately as of in the year 2021. 
The total area of Tarkwa municipality is approximately 2361 square kilometers in the in the location of western region of Ghana is about two hundred (200) kilometers to the west of the capital city of Ghana, Accra. The people in Tarkwa are mostly Akan with very rich cultural heritage of one main culture festival named Amakoma and Akwsidae which has a symbol of crocodile with a piece of gold nugget on the forehead. Tarkwa has a valuable history back to the ancient empire of Ghana. The area was the center for gold training and mining with a little bit of diamond business in the colonial period. Gold Fields Ghana was previously owned by the Ghana government as part of the state gold mining corporation (SGMC). In the colonial period, the British opened the Tarkwa Gold Mine. The inhabitants of Tarkwa municipality engages in diverse economic activities which includes, mining being the major work, farming, wood and food processing factories, commercial trading and retailing, hospitality, education and health care services to earn the livelihoods. The Tarkwa municipal has some prestigious mining companies namely, the Ghana Manganese Company limited, AngloGold







Ashanti mine and Gold Fields Ghana limited. There are also small-scale mining companies owned by private individuals.
2.2 [bookmark: _TOC_250035]Sampling and Population
The study focused on staff and stakeholders of gold extraction operations utilizing thermomat systems in Ghana, with emphasis on companies operating within the Tarkwa-Nsuaem Municipality of the Western Region. The broader population included both small- and large-scale mining companies, residents of surrounding mining communities, and relevant government ministries, agencies, and regulatory bodies. This scope ensured the inclusion of diverse perspectives, ranging from economic feasibility to environmental impacts and community acceptance.
The target population was grouped into three main strata:
1. Top-management employees of mining firms (operational managers, engineers, and financial officers).
2. Stakeholders and regulators, such as officers from the Environmental Protection Agency (EPA) and energy providers.
3. Non-employee inhabitants of local mining communities.
A mixed sampling approach was employed. Within the employee and stakeholder strata, convenience sampling was used to select respondents due to the researcher’s direct access and professional expertise in mining operations. Two mining companies were chosen: one operating thermomats powered by diesel and LPG, and another powered by electricity. This allowed for comparative insights across energy sources. From this stratum, 30 operational managers, 7 financial officers, 23 engineers, and 3 EPA officers were selected, yielding a total of 63 respondents. Data collected focused on operational costs, energy consumption, and environmental impacts.
For the non-employee inhabitants, simple random sampling was applied to maximize representativeness and minimize bias. Cochran’s formula was used to determine the required sample size, given the large and complex population base. Using a 95% confidence level (z = 1.96), a population proportion of 50% (p = 0.5), and an error margin of 6.2% (E = 0.062), the sample size was computed as:


Thus, 500 respondents were selected from the inhabitants.
In total, the study engaged 563 respondents, comprising 63 employees and stakeholders alongside 500 inhabitants. This stratified approach ensured a balanced representation of managerial, regulatory, and community perspectives, providing a comprehensive dataset for assessing the economic, environmental, and social implications of diesel, LPG, and electricity-powered thermomat operations.

3.0 [bookmark: _TOC_250032]Review of Methods
The evaluation of alternative energy sources for gold extraction has typically relied on economic evaluation techniques (levelized cost of energy method, net present value, cost-benefit analysis, internal rate of return, environmental impact assessment). While these methods offer useful financial insights, they often fail to incorporate environmental, social, and regulatory considerations. To address these gaps, multi-criteria decision-making (MCDM) methods have been introduced as more holistic frameworks. This section reviews the key methods applied in assessing the performance of alternative energy sources.
3.1 Multi-Criteria Decision-Making (MCDM)
Given the limitations of purely economic methods, MCDM models allow for simultaneous evaluation of economic, environmental, and policy/regulatory factors. The process involves:
1. Criteria Selection - economic (investment cost, operations cost, cost savings, scrap value), environmental (emissions, waste discharge, resource depletion), and policy/ regulatory (compliance, incentives, permits, social acceptance).
2. Weight Assignment - weights assigned via Analytic Hierarchy Process (AHP) (Saaty, 2008).
3. Scoring Alternatives - performance scores  assigned to alternative  under criterion.
4. Normalization - ensures comparability across units.
5. Aggregation-computing the Aggregate Weighted Normalized Score (AWNS):

where:
·  overall score of alternative 
·  weight of criterion 
·  normalized score of alternative  under criterion 
·  total criteria
6. Ranking Alternatives - alternatives rank by their  values.
This approach captures trade-offs across diverse objectives and aligns energy selection

3.1.1 Normalization and Rescaling Techniques
Normalization ensures comparability across different criteria with varying units. Key techniques include:
· Max Normalization:

· Sum-Based Normalization:

· Min-Max Normalization:

· Z-score Normalization:

· Vector Normalization:

· Decimal Scaling Normalization:

· Logarithmic Normalization:

· Sigmoid Function Normalization:


3.1.2 Rescaling of Desirable-Larger Values
The normalization techniques discussed in Equations (3.6) through (3.13) are effective when the observed performance scores naturally fall within the reference range of [1, 10]. However, in instances where the historical or observed data lie outside this neighborhood, it becomes necessary to rescale the performance scores prior to normalization. This pre-normalization adjustment aligns all criteria within a common scale, preserving consistency across the dataset.
When rescaling is required, two main scenarios arise desirable-larger values and desirable-lower values, depending on whether higher or lower values represent better performance. This subsection focuses on the rescaling of desirable-larger values, which typically correspond to positive indicators such as lifespan, durability, or efficiency.
The conventional rescaling method for desirable-larger values follows the min-max normalization principle proposed by Han and Pei (2011). The general formula expresses the normalized value  of a performance score  for alternative  under criterion , within a specified range , as follows:

While this method effectively rescales data within the desired range, it is biased towards the endpoints of the scale. Specifically, it automatically assigns the smallest value to  and the largest value to , leading to an uneven distribution of intermediate values and potential distortion of the relative differences among alternatives. This bias becomes especially problematic when performance data are highly skewed, as it exaggerates disparities between the original and rescaled values.
To address this limitation, a new rescaling method was proposed in this study. The improved method reduces endpoint bias and ensures a fairer distribution of rescaled values across the entire range. The new normalization formula is expressed as:

where  is the rescaled value of the original performance score  for criterion , and  represents the maximum observed value of the performance scores for that criterion.
This approach maintains the proportional relationships among the data while ensuring that only the maximum value equals the upper boundary , allowing other values to be fairly distributed within the interval . In this thesis, Equation (3.15) was applied to rescale all positive-indicator criteria, such as the lifespan and other performance attributes where higher values signify better performance. The proposed method thereby enhances the equity and interpretability of the rescaled dataset.
3.1.3 Rescaling Methods for Desirable-Lower Values
In contrast to desirable-larger values, certain criteria exhibit desirable-lower characteristics, where smaller numerical values indicate better performance. Examples include cost, emission levels, and environmental impact measures. In such cases, direct application of Equations (3.14) or (3.15) would misrepresent the desirability structure of the data. Hence, an effectiveness transformation is first performed to convert these lower-is-better indicators into a higher-is-better scale prior to normalization.
A common approach involves using an inverted min-max normalization, which converts cost or other undesirable attributes into an effectiveness score. The inverted form of Equation (3.14) is expressed as:

This equation ensures that the smallest original value (representing the best or most desirable outcome) corresponds to the highest rescaled value within the range . However, similar to Equation (3.14), this method can also exhibit endpoint bias, disproportionately favoring the minimum value and unfairly compressing other observations toward the upper end of the scale.
To overcome this, a new efficiency-based rescaling method was proposed in this thesis. In this method, the efficiency value of each observation is computed as the ratio of the maximum performance value to the actual observed value:

The normalized efficiency value is then rescaled within the target range  as follows:

where  represents the rescaled value based on efficiency,  is the efficiency value derived from the original performance score, and  denotes the maximum efficiency value associated with the minimum cost (or lowest undesirable indicator).
This efficiency-based approach minimizes endpoint bias by ensuring that only the smallest value (most desirable) equals the upper bound , while all other values are equitably distributed across the scale. Consequently, this method provides a more balanced representation of cost-effectiveness or environmental efficiency across alternatives.

3.0 RESULTS
4.1 Economics Feasibility of Alternative Power Sources for Thermomat
The weighting of economic criteria for evaluating alternative power sources for thermomat operation highlights the priorities of mining firms in Ghana. Upfront investment received the highest weight (30%), reflecting its importance in determining financial feasibility, particularly for firms with limited capital. Mining operations cannot commence without an initial investment, making this factor a primary concern. Cost savings were also assigned a weight of 30%, recognizing that long-term financial sustainability hinges on the ability of an energy source to reduce expenses and improve profitability. Operational cost, weighted at 25%, encompasses fuel, labour, and maintenance, which directly affect profit margins. Lower operating costs allow firms to accumulate greater savings over the plant’s lifespan. Finally, lifespan or scrap value was assigned the lowest weight (15%). While asset longevity and residual value are relevant for long-term planning, they are considered less critical compared to the immediate and recurring financial impacts of investment, savings, and operating expenses.

Table 1: Weights Assigned to Criteria Under Cost Effectiveness
	Criterion
	    Weight (%)
	Decimal

	Upfront Investment
	         30
	0.30

	Operational Cost
	         25
	0.25

	Cost Savings
	         30
	0.30

	Lifespan (Scrap Value)
	         15
	0.15

	Total
	100
	1.00



The performance scores of the alternatives across the various criteria (upfront investment, cost savings, operational cost and lifespan) was assessed and the results are presented in Table 2. These assessments are based on real data on upfront investment, operational cost (fuel, raw materials, labour, running cost and general maintenance) which were obtained from the records of mining firms within the study area. The cost composition for each power source is explained below before presenting them.
[bookmark: _TOC_250017]4.1.2 Normalization of Performance Scores for Economic Feasibility



Table 2: Economic performance scores (1–10)
	Power source
	  Upfront Investment
	  Operational   Cost
	Cost Saving
	  Lifespan

	Diesel
	5.6
	6.3
	4.0
	5

	LPG
	10.0
	10.0
	8.0
	8

	Electricity
	4.0
	4.0
	5.0
	6



4.1.3 Normalization and Aggregation

The normalized         performance scores were computed using the following Equations 3.15, 3.16, 3.17 and 3.18.   
Table 3 Normalized Economic Score
	Power source
	Upfront
	   Operational
	   Cost Saving
	Lifespan

	Diesel
	0.56
	0.63
	0.50
	0.63

	LPG
	1.00
	1.00
	1.00
	1.00

	Electricity
	0.40
	0.40
	0.63
	0.75



4.1.4 Computation of AWNS for all alternatives based on economic feasibility
Applying the formula for AWNS (Equation 3.5), each alternative power source is evaluated below.

AWNS Diesel  0.30.56  0.250.63  0.30.5  0.15 0.63
 0.168  0.1575  0.15  0.0945
 0.57

                                 AWNS LPG  0.31  0.251  0.31  0.151
 0.3  0.25  0.3  0.15
 1

 AWNS Electricity  0.30.4  0.250.4  0.30.63  0.15 0.75
 0.12  0.1 0.189  0.1125
 0.5215
Therefore, from the aggregate weighted normalized scores Dissel had a score of 0.57, LPG had a score of 1 and Electricity had a score of 0.5215. It is obvious that LPG has the highest AWNS. LPG is therefore, the best source of powering thermomat for gold extraction in Ghana from the perspective of cost effectiveness or economic feasibility.
4.2 Environmental Implications of Alternative Sources of Powering Thermomat
The study assigned weights to environmental impact criteria to evaluate alternative power sources for thermomat operations and it has been summarized in table 4. The assigned weights were also confirmed by the result of sample questionnaires which were administered for five hundred (500) stakeholders being the dwellers in the catchment area of gold mining operational zone and employees to seek their views on the three thermomat powering sources to make a better decision on transitioning to a more sustainable power source amid multi-criteria.
Table 4: Assignment of Weights for Environmental Impact Criteria

	Criterion
	Weight (%)
	Decimal

	Carbon Emission
	35
	0.35

	Resource Depletion & Land/Habitat Disruption
	30
	0.30

	Waste Discharge on Land
	35
	0.35

	Total
	100
	1.00



4.2.1 [bookmark: _TOC_250014]Performance Scores for Alternatives Across Environmental Impact Criteria
[bookmark: _GoBack]The performance scores for diesel, LPG and electricity are summarized in Table 5. The values were first expressed in percentages and finally converted to fall within the neighbourhood of [1, 10] using the same method applied in the computation of the cost efficiencies where lower values are associated with higher efficiency values. Below are explained the details of the scores before their final tabular summary.
Table 5: Environmental performance scores (1–10)
	Power source
	Carbon Emission
	    Resource & Habitat
	  Waste on Land

	Diesel
	5.0
	7.2
	3.0

	LPG
	6.65
	10.0
	6.0

	Electricity
	10.0
	4.0
	10.0



4.2.2 Normalization and Aggregation
The normalized       performance scores were computed using Equation 3.15, 3.16, 3.17 and 3.18.   
Table 6: Normalized environmental scores
	Power source
	Carbon
	     Resource & Habitat
	Waste

	Diesel
	0.50
	0.72
	0.30

	LPG
	0.67
	1.00
	0.60

	Electricity
	1.00
	0.40
	1.00



4.2.2  Computation of AWNS for all alternatives based on environmental impact criteria

AWNS Diesel  0.350.5  0.30.72  0.350.3
 0.175  0.216  0.105
 0.496

AWNS  LPG  0.350.67  0.31  0.350.6
 0.175  0.3  0.21
 0.685

                               AWNS Electricity  0.351  0.30.4  0.351
 0.35  0.12  0.35
 0.82
Thus, with regard to environmental impact, Electricity is associated with the highest AWNS (0.82), the second highest is LPG (0.685) and the least is diesel (0.496).	
4.3 Policy and Regulatory Implications of Alternative Sources of Powering Thermomat
The criteria to be considered in evaluating the regulatory implication of using diesel, LPG and electricity to power thermomat for gold extraction are compliance on environmental regulation, government incentives and subsidies, energy policy alignment and community engagement and acceptance. The assigned weights are given in Table 7. Based on expert experience and engagement with stakeholders, these weights reflect the significance of each criterion in evaluating the environmental viability and effectiveness of alternative power sources for thermomat in gold extraction.

Table 7: A Summary of Weights Assigned to Policy Regulatory Implication Criteria
	Criterion
	Weight (%)
	Decimal

	Compliance with Environmental Regulations
	30
	0.30

	Government Incentives & Subsidies
	20
	0.20

	Permit & Licensing
	15
	0.15

	Energy Policy Alignment
	20
	0.20

	Community Engagement & Acceptance
	15
	0.15

	Total
	100
	1.00



4.3.1 [bookmark: _TOC_250011]Performance Scores of Power Sources across Policy Regulation Criteria

The performance scores for evaluating the regulatory implications of alternative power sources were derived from both institutional data and community surveys. Data were obtained from the Energy Commission of Ghana, Ministry of Energy, EPA, IEA, and the International Cooperative Legal Guides (IGCL), while community engagement and acceptance were specifically measured through a survey of 500 participants in mining communities. All values were initially expressed as percentages and later scaled to the range [1–10] by multiplying by 10. The survey results confirmed consistency with institutional data, showing acceptance levels of 55% for diesel, 75% for LPG, and 85% for electricity. This combined approach ensured that both official records and local community perspectives were integrated into the performance assessment.
Table 8: Policy and regulatory performance scores (1–10)
	Power source
	Compliance
	   Incentives
	  Permit
	  Policy Align.
	  Community

	Diesel
	6.0
	5.0
	7.0
	5.0
	4.1

	LPG
	7.0
	6.0
	6.5
	7.0
	7.2

	Electricity
	9.0
	8.0
	8.5
	9.0
	8.1



4.3.2 [bookmark: _TOC_250010]Normalized Performance Scores Across Policy Regulation Criteria
The normalized scores for the performance of diesel, LPG and electricity are presented in Table .9.
Table 9: Normalized policy and regulatory scores
	Power source
	  Compliance
	  Incentives
	  Permit
	   Policy Align.
	Community

	Diesel
	0.67
	0.63
	0.82
	0.56
	0.51

	LPG
	0.78
	0.75
	0.76
	0.78
	0.89

	Electricity
	1.00
	1.00
	1.00
	1.00
	1.00



4.3.3 [bookmark: _TOC_250009]Computation of AWNS for all Alternatives Based on Policy Regulation Criteria
The Aggregate Weighted Normalized Scores are computed for diesel, LPG and Electricity, respectively, as follows:
                           AWNS Diesel  0.30.67  0.20.63  0.150.82  0.20.56  0.150.51
 0.201 0.126  0.123  0.112  0.0765
 0.6385

                              AWNS LPG  0.30.78  0.20.75  0.150.76  0.20.78  0.150.89
 0.234  0.15  0.114  0.156  0.1335
 0.7875

                    AWNS Electricity  0.31  0.21  0.151  0.2 1  0.151
 0.3  0.2  0.15  0.2  0.15
 1
Based on the AWNS criterion for policy regulatory implications of using alternative power sources, electricity presents the best power source to power thermomat for gold extraction with AWNS 1, followed by LGP (0.7875) and diesel (0.6385).
4.3.4 Average AWNS across the three domain level
A simple equal-weight average across the economic, environmental, and policy-level AWNS:

· Diesel: 
· LPG: 
· Electricity: 
From the equation 4.1 the overall scores of 0.568 for diesel, 0.824 for LPG, and 0.781 for electricity. The results indicate that LPG ranks highest average AWNS score.
5.0 Discussions and Conclusion
The results show that on the basis cost feasibility, LPG offers the best power source for powering thermomat to extract gold in Ghana. This affirms the findings of Ayres et al. (2015), who alluded the cost feasibility of LPG to lower operational cost in the long run which offsets higher cost of initial investment. Contrary to the results of Ayres et al. (2015), the result in this study revealed diesel to be associated with lower costs for both initial investment and long run higher operational (including maintenance) cost. Hence, diesel attains the second-best alternative in terms of cost, while electricity appeared to be the least performed cost-wise. This outcome can be explained by a lot of irregular activities such as high degree of current leakage and theft in the Ghanaian situation.
Discussing further from the perspectives of environmental impacts and policy regulatory implications, electricity presents the best alternative to power thermomat for gold extraction in Ghana. LPG offers the second-best alternative, while diesel fuel presents the worst performed alternative based on environmental impact and regulatory and policy implications. This finding, from the perspective of environmental impact, is in line with the findings of Adom and Bekoe concluded that electricity has lower carbon footprint owing to its hydropower and renewable sources.
Similarly, it was confirmed that LPG emits lower pollutants relative to fossil fuel sources. Finally, it was contended that generators powered by diesel are potential sources of greenhouse gas emissions, resulting in higher rates of pollution.
In all the three dimensions, diesel presents the worse power alternative on grounds of cost economic feasibility, environmental impacts and regulatory and policy implications, while electricity presents the worse alternative in respect of cost effectiveness, LPG was never revealed  the worse alternative in any of these three dimensions. It is however important to note that the objectives are treated in isolation. Taking the arithmetic means of the AWNS allows to evaluate the performances of the alternative power sources under consideration by treating the objectives jointly. Consequently, diesel fuel has an average AWNS of 0.5682; LPG has an average AWNS of 0.8241 and electricity 0.7805. This implies that when economic feasibility, environmental impact and regulatory and policy implications are consolidated as criteria for evaluating the best power source for thermomat in gold extraction in Ghana, LPG emerges the best power source for thermomat for gold extraction in Ghana when given equal weights to these joint objective-criteria. In summary, considering economic feasibility, environmental impact and regulatory and policy implications in isolation, electricity is the best in terms of sustainable environmental health and regulatory and policy implications, while LPG emerges the best in terms of cost feasibility. However, consolidating economic feasibility, environmental impacts and regulatory and policy implications into criteria, LPG provides the best power alternative for thermomat to extract gold in Ghana. Thus, in the midst of all relevant competing criteria, LPG is the best source of powering thermomat for extracting gold in Ghana.
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