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Abstract 
 

Mineral extractive industries are becoming increasingly relevant in climate change 

science and policy. Guyana’s economic policy, the Low Carbon Development 

Strategy, seeks to align sectors of the economy along a low carbon emission 

trajectory. Although the artisanal and small-scale gold mining (ASGM) sector is 

economically important, it is a known emissions-intensive sector that contributes 

to deforestation and direct operational emissions. This study sought to increase 

understanding of direct operational emissions by investigating carbon emissions 

associated with fuel combustion in ASGM. Further, the study investigated miners’ 

awareness of carbon emissions and willingness to reduce emissions; thus providing 

context for policymakers to advance measures aimed at reducing carbon emissions 

in the ASGM sector. The research methods used were qualitative document 

analysis, questionnaire-survey, and interviews. It was found that the average 

carbon dioxide emission per volume of earth moved from a sample of ASGM 

operations in Mahdia per quarter was 4.69 x 10-6 MtCO2e/m3. Miners were 

generally unaware of their carbon footprint and its link to mining, climate change, 

and the Low Carbon Development Strategy. This knowledge gap was accompanied 

by negative attitudes. 79% of miners indicated there was no need to reduce their 

carbon footprint, and 85% of miners were unwilling to change their usual practices. 

Recommendations to advance and integrate the sector within the Low Carbon 

Development Strategy framework were explored within the themes of: regulation 

and management; fiscal measures; technology; and education and awareness.  
 

Keywords: Climate-change, Gold mining. 

______________________________________________________________________ 

Introduction 

Background  

The Government of Guyana in 2009 developed a policy paper titled ‘A Low Carbon Development 

Strategy: Transforming Guyana’s Economy While Combating Climate Change’ to guide economic 

development onto a low carbon, climate compatible path. Though this study is not focused on 

carbon emissions related to deforestation, it recognises that the Low Carbon Development 
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Strategy (LCDS) is the principle national policy devised to re-orient developmental activities – 

including gold mining – along a low carbon trajectory. That was later augmented by the 

promulgation of the Green State Development Strategy (Government of Guyana [GoG], 2013; 

Ministry of the Presidency [MotP], 2017).  

 

Across the Guianas, gold mining activities have been ongoing in excess of one century (Lowe, 

2006). The method of mining used in the sector has direct implications for the efficiency of the 

operation, its financial viability, its scope for improvement and, critically, its impact on the 

environment (ibid). Lowe (2006) identified five main mining methods employed in Guyana, of 

these, land dredging (hydraulicking) remains the most popular method of mining in Guyana’s 

artisanal and small-scale gold mining (ASGM) sector. Though mining is the temporary use of the 

land, this method impedes mine closure, and inhibits potential reforestation and reclamation of 

mined sites. The low recovery rate (~20 %) associated with this method, renders old mining 

grounds profitable to rework (ibid). The Mining (Amendment) Regulations (2005) recognises that 

miners bear the responsibility for environmental damages on their properties, and highlights 

requirements to safeguard the environment. As examples, Reg. 227 (5) requires the submission 

of reclamation and closure plans by medium-scale operations, and Reg. 238 (1)(b) requires a 

reclamation bond of GY $25,000 to be deposited for small-scale operations (Mining 

(Amendment) Regulations, 2005). The legislative framework is well established in theory, but 

discontinuities exist in the implementation of the environmental obligations by the regulators. As 

an example, the Environmental Protection Act (1996) states that all mining activities ‘may 

significantly affect the environment’ and therefore require an Environmental Impact Assessment 
(EIA). However, the practice of EIAs for the mining sector has been limited to large-scale gold 

mining operations. Further, the environmental bond is a minimal fee, which miners forego instead 

of implementing reclamation and closure practices.  

 

The LCDS recognises the economic and social importance of Guyana’s mining sector and does 

not require mining activities to cease or be curtailed.  It cautions that there must be reform 

where the industry operates under standards to sustainably protect Guyana’s forest (GoG, 2009). 

Between June 29 - July 22, 2009, there were awareness programmes for miners that spoke to 

‘Implications of the LCDS proposed for Guyana in response to Climate Change for the small and 

medium scale gold and diamond mining sector’ which was conducted by officers from the Guyana 

Geology and Mines Commission (GoG, 2009).  It was estimated that 326 persons attended the 

awareness programmes (ibid). 

 

A 2012 study sought to estimate the ‘Carbon Footprint in the Rosebel Gold Mines N.V. 

Concession in the Brokopondo District, Suriname.’ The author identified forest clearance and 

fuel combustion (transport and electricity demand) as the activities contributing to carbon 

emission from gold mining (Satnarain, 2012). In Guyana, the mining sector has been identified as 

the largest driver of deforestation (Singh et al., 2013). This is in part due to the ‘hit or miss’ 

characteristic of the ASGM sector where miners do not readily access geological and 

mineralogical data to locate, prospect and acquire viable mining properties (Lowe, 2006). The 

other main source of carbon dioxide (CO2) emissions (referred interchangeably as carbon 

emissions) is the combustion of fuel when machinery is operated, however, no national studies 

have determined the carbon intensity of the sector from this source. The United States 

Environmental Protection Agency [USEPA] (2013) indicates that fuel combustion is the main and 
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most important human activity contributing to global CO2 emissions. The amount of CO2 emitted 

depends on the calorific and emission factor (more correctly, the carbon content) of the fuel as 

well as the amount of fuel combusted (International Association of Public Transport [UITP], 

2009).  

 

Statement of Problem 

The Intergovernmental Panel on Climate Change (IPCC) indicated that climate change is a global 

environmental challenge (Eggleston et al., 2006). Increases in greenhouse gases like CO2 are 

attributed to the burning of fossil fuels and deforestation, thus enhancing the greenhouse effect 

(USEPA, 2013). In response to the challenges presented by climate change, Guyana, though a net 

sink, is in pursuit of re-orienting its economic development along a low carbon trajectory through 

its Low Carbon Development Strategy, first drafted in 2009 (GoG, 2012).  

 

In Guyana, gold production by the ASGM sector is the largest earner of foreign exchange, 

accounting for as high as 51% of export earnings, and 78% of the total value of the mining sector’s 

output (Lucas, 2015; Lowe, 2014). The sector contributes to employment; ~12-14 % of the 

population directly and indirectly depending on ASGM (Bulkan & Palmer, 2016). Accompanying 

the growth of the ASGM sector are social ills and negative environmental consequences. 

Regarding the latter, impacts such as deforestation and mercury contamination of soils and 

waterways are well documented in the literature (Lowe, 2014; Sutherland, 2013; Singh et al., 

2013). Mudd (2007) highlighted that pollutant emissions, especially CO2, is a key environmental 

impact of gold mining operations. 
 

The desire to transition to a low carbon economy is of considerable importance to Guyana, but 

is challenged by increases in the price of gold. Increasing gold prices over the past two decades – 

from US $ 255.95/oz in 2001 to US $ 1,943.00/oz at the beginning of 2021 (World Gold Council, 

2021) fostered a more than fivefold increase in the number of registered ASGM operations (W. 

Abrams, personal communication, December 2013). This has contributed to increased 

deforestation and forest degradation, which negatively impacts carbon sequestration. Singh et al. 

(2013) found that the annual deforestation due to mining and related infrastructure increased 

from ~ 1,000 ha/year between 1990 and 2000 to nearly 10,000 ha in 2009, which equates to ~91 

% of all recorded deforestation in Guyana. In April 2021, the Guyana Geology and Mines 

Commission estimated that the area of land occupied by ASGM activities was 374,738.9 ha (A. 

Mendonca, personal communication, April 2021). Further, increased numbers of ASGM 

operations provides for increased operational emissions from the combustion of fossil fuels.  

 

This study was necessary to foster a more defined linkage between the ASGM sector and the 

LCDS; to further understand how the sector – the major driver of deforestation, and the major 

driver of economic growth in Guyana (Singh et al., 2013) – can be aligned within the framework 

of the LCDS. There exists a need for the quantification of the carbon intensity of the ASGM 

sector, the participation of miners in developmental models, as well as strategies and policy 

recommendations to fit this sector in the context of a desired low carbon economy.  
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Research Aim and Objectives 

The aim of this research was to estimate the fossil fuel-based CO2 emissions by the ASGM sector 

in Mahdia, and identify possible policy measures to reduce emissions from this sector; guided by 

three research objectives: 

1. To estimate average quarterly CO2 emissions per volume of earth moved by the ASGM 

sector in Mahdia; 

2. To assess miners’ awareness and willingness to reduce their ‘carbon footprint’ in Mahdia; 

and 

3. To recommend possible policy measures to reduce the carbon emissions from ASGM 

operations in Guyana. 

 

Study Area 

Gold mining in Mahdia commenced as early as 1884 (Babb et al., 1997). Mahdia is located in the 

Potaro Mining District #2, and is situated north of central Guyana, lying ~200 km south-south 

west of Georgetown (ibid). Babb et al. (1997) describe the total extent of the study area as 

approximately 320 km2, bounded to the north by the Potaro River, southwest by the Ebini 

Mountain Range, and south-east by the Konawaruk Mountain Range. The climatic conditions at 

Mahdia can be described as equatorial, as it is warm and humid all year, with generally high 

precipitation levels and temperature ranging between 20oC – 400C (Mattis, 2007). 

Geomorphologically, Mahdia forms part of the Pre-Cambrian Shield of Guyana, and the Proto 

Mahdia alluvium is made up of three major sedimentary faces: clay, clayey sand and gravel (Lowe, 

2006; Williams, 1935). The vegetation comprises wallaba and mixed forest (Guyana Lands and 
Survey Commission [GLSC], 2013).  

 
Figure 1 

Location of Mahdia in the Potaro Mining District 

 
 

Note. This map was produced for the authors by the GGMC, 2020. 
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Methodology 

The research design employed the convergent parallel mixed-methods approach of quantitative 

and qualitative data collection and analysis to achieve a comprehensive outcome. Primary data 

was collected through questionnaires, recording sheets and interviews. Secondary data was 

collected from fuel records, soil maps, journals, and mining project reports.  

 

Estimation of mean CO2 emissions per volume of earth moved by ASGM sector in Mahdia (Objective 1) 

 
i) Population and Sampling: A representative sample was calculated using the formula by Slovin 

(1960): 

n =
N

1 + (N x𝑆𝐸2)
 

Where, 

N = Total population (registered, operational dredges) = 81 

SE = Standard error (confidence interval) = 5% 

n = 67 Operational dredge camps 

 

Of the 67 operational dredges target, 59 dredge camps (88%) participated in the study. The 

shortfall was attributed to inaccessibility presented by the deplorable state of the terrain, and the 

relocation of dredges. 

 

ii) Instrumentation: Data on average monthly fuel consumption and average volume of earth moved 

were collected from dredge owners or general managers using data recording sheets. 

 

iii) Pilot testing and revision of data recording sheets: The data recording sheets were tested by six 

miners at the GGMC Head office from March 6-7, 2014. Observations on the ease at which 

respondents answered the questions as well as the respondents’ feedback (based on the specific 

data collection instrument, i.e., data recording sheet, questionnaire and interview schedule) were 

used to improve the sheets.  

 

iv) Data collection: Data collection took place at Mahdia from March 19-26, 2014, with data being 

recorded via in-person interviews at 59 dredge camps. Information provided was validated by 

checking the production books of each operation.  

 

v) Data treatment and analysis (Fuel Consumption): Previous studies have estimated the emission 

factors; that is, the carbon emission per gallon of fuel, for diesel and gasoline. The emission factor 

for one gallon of gasoline is 8.78 kg CO2 per unit, while the emission factor for one gallon of 

diesel is 10.21 kg CO2 per unit (USEPA, 2014). Since there is no recommended emission factor 

used in Guyana for gasoline or diesel, these figures were used for this study.  

 

The emission factors for gasoline and diesel consistent with the USEPA (2014), and the IPCC 

2006 Guidelines for National Greenhouse Gas Inventories, were applied to the following 

equations to estimate monthly emissions from fuel combustion:  

 

a. CO2 per gallon gasoline x monthly consumption of gasoline   [Formula One] 

b. CO2 per gallon diesel x monthly consumption of diesel   [Formula Two] 
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vi) Data treatment and analysis (Volume of earth moved):  

a) Bare dredge operations 

Parameters outlined in Weiss’ (1985) model, together with the assumptions put forward by 

Glasgow (2003), were recorded in Mahdia to estimate the volume of earth moved in bare dredge 

operations. The study assumed dredges functioned at an operational efficiency of 70% in the field. 

Therefore, the theoretical slurry volumetric flow rate (QSL) value was reduced by 30% to 

represent field conditions e.g. frictional losses, leaks in pipes, efficiency of pumps. Other 

assumptions were that given the variable soil textures processed and the variable work ethic of 

operators in Mahdia, all operations used an average value of 20% of solids per volume (40% solids 

by weight) in the slurry to be processed; as this average is best when working payable material. 

This value was based on estimations of a Productivity Analysis in Mahdia conducted by the GGMC 

in 2003.  

 

Extraction volumes for bare dredge operations were estimated using the formula below by Weiss 

(1985) and the assumptions of Glasgow (2003): 

 

VSL =    
0.4085

𝐷2
 x QSL      [Formula Three] 

 
Where, QSL is slurry volumetric flow rate in US gallons per minute 

   D is inside diameter of pipeline in inches 

  VSL is slurry velocity in feet per second. 

 

b) Excavator assisted operations 

For operations that were permanently assisted by excavators during the life cycle of operations, 

the volume of earth moved was estimated based on the production of the excavators only. This 

was done to compute the volume of earth moved by the excavator as well as the volume of earth 

moved and processed by the dredge, resulting in redundant calculations with overestimated 

volumes of earth moved in these operations.  

Extraction volumes for dredge operations assisted by excavators were estimated using the 

formula below (Peurifoy, Schexnayder & Shapira, 2006): 

 

   
3600 𝑠 𝑥 𝑄𝑥 𝐹

𝑡
   x   

𝐸

60 𝑚𝑖𝑛/ℎ𝑟
 x    

1

𝑣𝑜𝑙𝑢𝑚𝑒 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛
 [Formula Four] 

 
Where, Q = heaped bucket capacity in lcy 

  F = bucket fill factor for hoe buckets 

  t = cycle time in seconds 

  E = efficiency in minutes per hour 

 Volume correction = for loose volume to bank volume, 
1

1+𝑠𝑤𝑒𝑙𝑙 𝑓𝑎𝑐𝑡𝑜𝑟
 

 

vii) Statistical Analysis Method: 

The data was subjected to an Analysis of Variance using Statistix 9 Software Analysis Package 

(2008) by invoking the linear models routing. Means Separation was effected from the Results 

menu of Statistix 9 Software Analysis Package (2008) using the All Pairwise comparison method 
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and the Least Significant Difference (LSD) means separation technique and testing at a probability 

level (alpha value) of 0.05.  

 

Treatment design: Measurements were taken for two variables: CO2 emissions and volume of 

earth moved. For this purpose, two other variables were considered – dredge sizes and operation 

type. There were three dredge size categories (4”, 6” and 8” dredges) and two operation types 

(bare dredge operations and excavator assisted operations).  

 

Experimental design: The experimental design was a Randomized Complete Block, Analysis of 

Variance (ANOVA). This design was used to reduce experimental error as it divides the 

experimental units into blocks of units thought to be similar. The object of blocking is used to 

minimize the variability within the blocks and maximize the variability between the blocks 

(Statistix 9, 2008). The data were analysed twice, where in the first analysis operation type was 

the treatment variable and blocking were done on dredge sizes; and vice versa where dredge 

sizes were the treatment variable and blocking was done on operation type.  

 

Assessment of miners’ awareness of and willingness to reduce carbon footprint in Mahdia (Objective 2) 
i) Instrumentation and pilot testing of questionnaire: A pilot test was conducted from March 6-7, 

2014 at the GGMC. Careful attention was paid to Section B: Knowledge, Attitude, Practice; 

Section C: Challenges and Section D: Recommendations. The researcher’s observations and    

respondents’ feedback were used to improve the design of the instrument.  

 

ii) Data collection: Interview-based questionnaires were used to collect data from the General 

Manager or Mine Supervisors for each operation monitored.   

 

iii) Data analysis: Microsoft Excel was used to prepare a database and generate descriptive 

statistics.  More complex analyses (cross tabulations and Chi-square tests of association) were 

performed using the Statistical Package for Social Sciences (SPSS), Version 20. 

 

Recommending policy measures to reduce the carbon emissions from ASGM operations in Guyana 

(Objective 3) 

i) Population and sampling: A purposeful selection of stakeholders from key agencies directly and 
indirectly related to the gold mining industry, energy sector, and the environment were identified 

to participate in the study. Perspectives were gained from entities at the international level (e.g. 

Inter-American Development Bank, United Nations Development Program); the regional level 

(e.g. Caribbean Community Climate Change Centre, World Wildlife Fund; the national level (e.g.  

Ministry of Natural Resource, Guyana Geology and Mines Commission, Environmental Protection 

Agency, Guyana Forestry Commission, Office of Climate Change); and the private sector (e.g. 

Guyana Gold and Diamond Miners Association and Reunion Manganese Inc.). 

 

ii) Instrumentation and pilot testing: An interview schedule was designed to collect data. Since 

GGMC personnel were accessible to the researcher, the instrument was piloted at the GGMC 

and revised based on respondents’ feedback. 

 

iii) Data collection: Interviews were conducted from April 1-24, 2014, in-person or via Skype and 

e-mail platforms. Desk reviews were conducted to validate the data collected through interviews.  
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Limitations 
Limitations encountered included the absence of a regulatory or monitoring entity regarding the 

fuel consumed by the ASGM sector limited the verification of fuel assumptions and estimations. 

Miners may under or over report their fuel consumption. Also, issues surrounding safety and 

security limited direct measurements by the researcher e.g. cycle time. In these instances, 

estimates were provided by miners and/ the excavator operator. Language barriers where 

Brazilians operated limited the interaction with these miners for answering the questionnaire, 

and to a lesser extent, for completing the data recording sheet. The spatial distribution and 

mobility of mining operations in the remote hinterlands presented issues of access; as such the 

snowball sampling method was employed. It was time consuming to travel to some camps along 

very degraded trails, also the relative mobility of ASGM operations resulted in some operations 

having ‘moved out’; these factors contributed to the shortfall of operations sampled. 

 

Ethical Considerations 
The GGMC Headquarters, Georgetown office was informed of about this research so as to solicit 

co-operation with the GGMC Mahdia Mining Station. This allowed the Mahdia office to modify 

their itineraries to provide assistance in accessing mining operations in the district. The 

confidentiality of views expressed by questionnaire respondents and interviewees was assured 

and maintained. Permissions were sought regarding publishing respondents’ names, and before 

taking necessary photographs in the field. Additionally, attention to positionality (which denotes 

being aware of unequal power relations and how the researcher’s identity reflects on the research 

process) was required, as the study targeted an often-marginalised group – small-scale gold 

miners. 

Results and Discussion 

Objective 1 

Operation types: It was found that 70% (n=41) of operations were bare dredge operations, and 

30% (n=18) of operations were excavator assisted. The operations comprised three dredge size 

categories: 4” (34 %; n=20), 6” (63 %; n=37) and 8” (3 %, n=2).  

 

Emissions per operation type and dredge size: From the sample, an operation on average emitted 

4.69E-06 MtCO2e/ m3. On a quarterly basis, it was estimated that the sample population in Mahdia 

emits on average 1.94E+01 MtCO2e. However, excavator assisted operations contributed to 
greater emissions, emitting nearly three times as much as the bare dredge operations, this is 

illustrated in the figure below.  This is attributed to the fact that operations assisted by excavators, 

and additional equipment, consumed larger amounts of fuel. Table 1 highlights this, and further 

confirms this finding at the scale of dredge sizes. In each dredge size category, those operations 

with excavators (Optype 2) had greater average emissions; regarding 4” dredges, those with 

excavators emitted ~3.9 times more CO2 than bare dredge operations; regarding 6” dredges, 

those with excavators emitted ~2.4 times more CO2 than bare dredge operations. The more 

mechanised operations correspond to having greater carbon footprints. However, these 

operations have greater agencies to participate in mitigation practices such as backfilling gold 

mining pits so that mine reclamation can be realised.  
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Figure 2 

Average CO2 emissions (MtCO2e)/ Volume of Earth moved (m3) per Operation type 

 

 
 

Table 1 

CO2 emissions per operation type and dredge size 

 
 

Volume of earth moved per operation type and dredge size: The volume of earth moved considers 
both the volume of payable material and volume of overburdens/ stockpiles. It was found that 

excavator assisted operations moved on average 1.35E+07 m3 of earth on a quarterly basis, a 

figured ~1,100 times as much as bare dredge operations, which moved on average 1.23E+04 m3 

of earth per quarter; as is graphically represented in Figure 1 above. Table 2 indicates that the 

volume of earth moved also varied in the dredge size categories. 

 
Table 2 

Volume of earth moved per operation type and dredge size 

 

Carbon dioxide emission
(MtCO2e)/ quarter

Volume of earth moved
(m3)/quarter

Avg Carbon dioxide
emission/ volume of earth

moved (MtCO2e/m3)

Excavator assisted 3.60E+01 1.35E+07 2.665037953

Bare dredging 1.21E+01 1.23E+04 0.00098

0%

20%

40%

60%

80%

100%

Variable    Level     N        Sum       Mean         SD         SE 

  Optype     1       17     131.53     7.7371     5.7875     1.4037 

  Optype     2        3     81.450     27.150     15.830     9.1394 

 Dsize      4”        20     212.98     10.649     10.255     2.2931 

  Optype     1       24     363.99     15.166     8.0538     1.6440 

  Optype     2       13     473.93     36.456     9.8003     2.7181 

 Dsize      6”       37     837.92     22.646     13.402     2.2033 

  Optype     2        2     92.260     46.130     0.0000     0.0000 

 Dsize      8”        2     92.260     46.130     0.0000     0.0000 

Overall              59     1143.2     19.376     14.273     1.8581 

 

Variable    Level     N        Sum       Mean         SD         SE 

  Optype     1       17     105172     6186.6     1888.0     457.91 

  Optype     2        3  8.754E+06  2.918E+06  2.984E+06  1.723E+06 

 Dsize      4”        20  8.859E+06     442958  1.441E+06     322132 

  Optype     1       24     384998      16042     3997.9     816.08 

  Optype     2       13  1.810E+08  1.391E+07  1.211E+07  3.359E+06 

 Dsize      6”        37  1.813E+08  4.901E+06  9.704E+06  1.595E+06 

  Optype     2        2   53310418  2.666E+07  4.188E+06  2.962E+06 

 Dsize      8”         2   53310418  2.666E+07  4.188E+06  2.962E+06 

Overall              59  2.435E+08  4.127E+06  9.055E+06  1.179E+06 
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In each dredge size category, those operations with excavators (Optype 2) moved on average 

greater volumes of earth e.g. regarding 4” dredges, those with excavators moved on average ~47 

times volume of earth than bare dredge operations.  

 

Analysis of Variance (ANOVA): The ANOVA test revealed that a significant difference in the CO2 

emitted and the volume of earth moved between the two operation types. Further, there was a 

statistically significant difference in the CO2 emitted, and a marginally significant difference in the 

volume of earth moved among the three levels of dredges (Tables 3 and 4). 

 
Table 3                                                                    Table 4   

Analysis of Variance for Dredge size                                Analysis of Variance for Operation Type 

 Statistix Version 9.0      6/4/2014, 3:50:13 PM 

Randomized Complete Block AOV Table for CO2 

Source   DF        SS        MS       F        P 

Dsize     2    985.24    492.62 

Optype    1   4776.19   4776.19   71.22   0.0000 

Error    55   3688.41     67.06 

Total    58 

Note: SS are marginal (type III) sums of squares 

Grand Mean 26.466    CV 30.94 

Relative Efficiency, RCB 3.54 

 

Means of CO2 for Optype   

Optype   N    Mean      SE 

     1  41  16.039  2.4143 

     2  18  36.893  2.4132 

 

Randomized Complete Block AOV Table for m3   

Source   DF          SS          MS       F        P 

Dsize     2   4.478E+14   2.239E+14 

Optype    1   1.415E+15   1.415E+15   38.30   0.0000 

Error    55   2.032E+15   3.695E+13 

Total    58 

Note: SS are marginal (type III) sums of squares 

Grand Mean 1.06E+07    CV 57.01 

Relative Efficiency, RCB 3.02 

 

Means of m3 for Optype   

Optype   N      Mean        SE 

     1  41  4.99E+06  1.79E+06 

     2  18  1.63E+07  1.79E+06 

Statistix Version 9.0      6/4/2014, 3:56:11 PM 

 

Randomized Complete Block AOV Table for CO2   

Source   DF        SS        MS       F        P 

Optype    1   4776.19   4776.19 

Dsize     2    985.24    492.62    7.35   0.0015 

Error    55   3688.41     67.06 

Total    58 

 

Note: SS are marginal (type III) sums of squares 

Grand Mean 26.466    CV 30.94 

Relative Efficiency, RCB 15.04 

 

Means of CO2 for Dsize   

Dsize   N    Mean      SE 

    4  20  17.948  2.0251 

    6  37  25.746  1.3955 

    8   2  35.703  5.9209 

 

Randomized Complete Block AOV Table for m3   

Source   DF          SS          MS       F        P 

Optype    1   1.415E+15   1.415E+15 

Dsize     2   4.478E+14   2.239E+14    6.06   0.0042 

Error    55   2.032E+15   3.695E+13 

 

Total    58 

Note: SS are marginal (type III) sums of squares 

Grand Mean 1.06E+07    CV 57.01 

Relative Efficiency, RCB 8.46 

 

Means of m3 for Dsize   

Dsize   N      Mean        SE 

    4  20  4.42E+06  1.50E+06 

    6  37  6.59E+06  1.03E+06 

    8   2  2.10E+07  4.39E+06 



 

© 2021 The Author. Published by the Journal of Academic Research and Essays (JARE). 
This is an Open Access essay distributed under the terms of the Creative Commons Attribution License                        
(http://creativecommons.org/Licenses/by/4.0/). 

 

 

Least Significant Difference (LSD): The all pairwise multiple comparison effected through LSD was 

used to compare the means between the two operation types and among the three dredge size 

categories. The summary of this computation is tabulated below. 
 

Table 5 

LSD All-pairwise Comparison Tests of Carbon emissions and volume of earth moved per operation type and per 

dredge size 
Statistix Version 9.0           6/4/2014, 4:02:44 PM 

 

LSD All-Pairwise Comparisons Test of CO2 for Optype 

Optype    Mean  Homogeneous Groups 

     2  36.893   A 

     1  16.039   B 

Alpha              0.05     Standard Error for Comparison  2.4711 

Critical T Value  2.004     Critical Value for Comparison  4.9522 

Error term used: Error, 55 DF 

All 2 means are significantly different from one another. 

LSD All-Pairwise Comparisons Test of m3 for Optype 

Optype      Mean  Homogeneous Groups 

     2  1.63E+07   A 

     1  4.99E+06   B 

Alpha              0.05     Standard Error for Comparison  1.834E+06 

Critical T Value  2.004     Critical Value for Comparison  3.676E+06 

Error term used: Error, 55 DF 

All 2 means are significantly different from one another. 

Statistix Version 9.0           6/4/2014, 3:58:00 PM 

LSD All-Pairwise Comparisons Test of CO2 for Dsize 

Dsize    Mean  Homogeneous Groups 

    8  35.703  A 

    6  25.746  A 

    4  17.948  B 

Alpha              0.05     Standard Error for Comparison  2.3266 TO 6.4262 

Critical T Value  2.004     Critical Value for Comparison  4.6626 TO 12.878 

Error term used: Error, 55 DF 

There are 2 groups (A and B) in which the means are not significantly different from one another. 

  

The LSD test detected a significant difference for both the CO2 emissions and the volume of 

earth moved for the two operation types. When the dredge size was the treatment variable, the 

statistics detected that the carbon emissions from the 6” and 8” dredges were not significantly 

different from each other; but they were both significantly different from the 4” dredges. The 

LSD analysis for dredge size could not detect a statistically significant difference between the 

volume of earth moved by 4” and 6” dredges, but these were significantly different from 8” 

dredges. This may be due to more volume of earth being able to move through larger conduits 

compounded by the type of material processed and the number of hours worked. 
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Overall, there were significant estimations of CO2 and volume of earth moved between bare 

dredge and excavator assisted dredges, and among three levels of dredge sizes. This revealed that 

the mining method and technology were polluting and environmentally damaging. Improved 

mining methods and technology would be significant to directly reducing the carbon footprint of 

ASGM, and further would indirectly contribute to mitigation measures by facilitating the closure 

and potential reforestation of mined sites.  

 

Objective 2 

Sample population: 59 miners participated in the assessment of miners’ awareness and willingness 

to reduce their carbon footprint in Mahdia. ~90 % of respondents were male. The majority (~30 

%) of respondents was involved in gold mining for over 20 years. While 100% of the respondents 

were engaged in the gold mining sector through land dredging, most (79.6%) respondents were 
completely dependent on the sector for their livelihoods, as 20.4 % indicated they had an 

alternative means of employment through other avenues such as farming, carpentry, or owning a 

shop. The highest levels of education attained by miners were tertiary education (8.6%), 

secondary education (48.3%), and primary education (32.8%).  

 

Awareness of emissions from mining: Statistical analysis was unable to detect a significant association 

between the highest education level attained by the respondents and the respondents’ awareness 

that gold mining contributes to carbon dioxide emissions. However, statistical evidence revealed 

a significant association between respondents’ awareness that gold mining contributes to carbon 

emissions and respondents’ awareness of the LCDS.  Approximately 60% of the respondents 

indicated awareness of gold mining contributing to carbon emissions; while 34 % of the 

respondents said that they did not know this to be a fact, the remainder were not sure or neutral. 

Statistical evidence revealed a significant association between respondents’ awareness that gold 

mining contributes to carbon emissions and respondents’ awareness of the Low Carbon 

Development Strategy (LCDS). The source of carbon emissions most respondents (33%) were 

aware of was the burning of fuel in machinery, followed by deforestation (31%). These coincide 

with the sources of emissions from the sector as highlighted in the literature. Significantly, nearly 

a third of respondents was not aware of any of the outlined sources of carbon emissions from 

the gold mining sector.  

 

Methods to reduce carbon emissions in gold mining: Statistical analysis detected a significant 

association between miners’ awareness of sources of emissions from gold mining and methods 

to reduce emissions from gold mining. Most respondents (39%) indicated that 

revegetation/reclamation activities can reduce carbon emissions from gold mining; the second 

most popular method was the regular servicing of machinery. These responses coincided as 

practices to address the two primary sources of emissions identified by the miners (as well as the 

literature). Regular servicing of machinery, which assists in reducing fuel consumption, was the 

method of reducing carbon footprints employed by most (45%) respondents, as well as 

conducting mineral exploration prior to mining – which prevents “hit-miss” cases that results in 

unnecessary deforestation as practised by 38% of the respondents. In recognising that fuel is a 
costly input in gold production, 9% of respondents indicated that they try to avoid the 

indiscriminate use of fuel.  
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Willingness to adopt methods to reduce carbon footprint: Almost 90% of respondents indicated that 

unwillingness to reduce their carbon footprint. This lack of willingness corresponded with miners’ 

lack of awareness of their carbon footprint, as nearly 83% of respondents who did not see a need 

to have a reduced carbon footprint were also unwilling to reduce their carbon footprint. 

Statistical analysis did not detect a significant association between respondents’ willingness to 

reduce carbon footprint and the length of time respondents were involved in gold mining.  

 

Reasons of unwillingness to reduce carbon footprint: 47% respondents opined that reducing their 

carbon footprint would be an expensive venture, and cited the lack of finances for their 

unwillingness to reduce their carbon footprint. The reclamation fee in Guyana is a small amount, 

as opposed to financing and effecting mine reclamation best practices.  For respondents’ 

unwillingness to reduce their carbon footprint, 39% of respondents cited lack of knowledge, while 

36% of respondents indicated lack of training and awareness campaigns on reducing carbon 

emission. The Reclamation Unit of the GGMC was at the time undertaking a three-step approach 

of ‘Educate, Encourage and Enforce’ to mainstream mine reclamation in the sector. 28% of 

respondents indicated that their unwillingness to adopt methods to reduce carbon emissions was 

due to the absence of proven, affordable and efficient mining technologies. Lowe (2005) stated 

that efficient mining practices and technologies can prevent the reworking of mined out sites so 

as to allow for mine closure and reforestation. In spite of the general unwillingness of miners to 

adopt methods to reduce their carbon footprint, as indicated earlier, the survey found that nearly 

all (98%) of the respondents employed some practices to reduce carbon footprint in their 

‘business as usual’ operations. 
 

Objective 3    

Thematic areas for possible policy interventions 

The literature informs that improving the extent of reduced emissions in ASGM is related to the 

wider management of the resource, governance, regulatory and knowledge barriers. Thematic 

areas for intervention were proposed by key stakeholders during the interviews, and 

questionnaire surveys coincided with these. They included enforcement of existing regulations; 

updated and/or new policies; monitoring fuel consumption; land use planning; fiscal measures; 

alternative mining technologies and methodologies; and increased and focused education and 

awareness exercises. 

 

The extent to which the ASGM sector is capable of supporting a low carbon economy is not 

readily operationalised. Recommendations offered by stakeholders to promote this included: 

 

1. Education, awareness and training: The methods of packaging and communicating messages, (by 

whom, when, where and why) are critical elements in aligning the ASGM sector along a low 

carbon trajectory. Crafting and delivering information on this topic is an opportune moment 

to refrain from messages biased to technocratic knowledge frameworks, with the prospect 

of enhancing palatability and relevance for miners. In this study statistical analysis was used to 

detect a significant association between the miners’ awareness of the LCDS and the judged 
impact of the LCDS on the gold mining sector by the respondents.  

 

As an example, the LCDS was launched in 2009, and awareness programmes were aimed at 

miners on the “Implications of the LCDS proposed for Guyana in response to Climate Change 



 

14 

 

for the small and medium scale gold and diamond mining sector” conducted by the GGMC 

(LCDS, 2010).  However, most of the respondents who expressed being fully aware (60%), 

aware (42%) and somewhat aware (46%) of the LCDS indicated that it had a negative impact 

on the gold mining sector. Overall, only 15% of the total respondents thought the LCDS had 

a positive impact on the mining sector, compared to 36% who believed the LCDS has a 

negative impact on the mining sector, 22% who were not sure of the impact of the LCDS, 

and 21% who did not know what impact the LCDS had on the mining sector. Interestingly, 

6% of the respondents believed the LCDS had no impact on the sector, explaining that “mining 

is a major economic activity and will continue with or without the LCDS” and that “there are 

regulations of mining that enhance the LCDS like backfilling, but these are not enforced.” 

 

It was recommended that the Guyana Mining School and Training Centre Inc. could augment 

its syllabus to give attention to this topic, in addition to awareness campaigns aimed at bridging 

the gold mining sector and the LCDS, so as to sensitize miners of their role in the success of 

the LCDS. Further, a multi-stakeholder unit comprising relevant research and regulatory 

entities may be established to provide reclamation extension services to miners. In 2014, the 

GGMC Reclamation Unit was developing Reclamation Demonstration sites to showcase that 

reclamation is possible, and prepared a range of learning resources to increase uptake of 

relevant information on mine reclamation. However, technical extension services to miners 

were not conducted by the Unit at the time.  

 

2. Compliance, enforcement and regulation: Increased capacity is needed to monitor and enforce 
compliance with key activities prescribed in the existing mining laws that support reduced 

carbon emissions e.g. forest clearance, tailings management and mine reclamation; and 

accompanying penalties for non-compliance. While progressive reclamation through 

backfilling is encouraged in the mining regulations, this was only found to be practiced by 7% 

of the respondents. This is insufficient, given the estimate of the volume of earth moved by 

the operations surveyed was ~2.435 E+08 m3. 

 

3. Mining Technology: A system for technology transfer is needed that phases out inefficient 

mining technologies coupled with the uptake of efficient technologies e.g. mercury free 

technologies, so as to improve the mining life cycle and allow for the end of the mine to be 

actualised. Mining methods and technologies must be contextually appropriate, socially 

acceptable, and affordable. The GGMC’s Mineral Processing Unit has piloted the use of the 

Gold Kacha circuit and Gold Jig circuit, but uptake and adoption by local small and medium 

scale miners have been slow. 

 

4. Policy and Finance: A revision of the reclamation bond and bonding system is required to 

mainstream mine reclamation. In addition, there should be finance available and accessible to 

miners to facilitate improved practices and technology. Without available finances and access 

to same, it is likely that the compelling incentives to maximise profits at the expense of 

adopting climate reduction practices within ASGM will persist. The Ministry of Natural 

Resources was working to establish a revolving loan fund to support miners in procuring 

mercury-free mining technology. Wenner et al. (2017) suggested exploring other mechanisms 

such as donor and government supported schemes, and equity-based financing schemes.  
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Conclusion  

The results of this study provide crucial entry points for deliberations to align the ASGM sector 

within the context of a low carbon economy. There are no similar studies within the region to 

effect comparative analysis of the estimations of carbon emissions per volume of earth moved by 

the ASGM sector. The carbon intensity of the sector, via an analysis of the average quarterly 

carbon emissions resulting from the combustion of fossil fuels of ASGM operations in Mahdia, 

found an approximate 1.94E+01 MtCO2e per 4.13E+06 m3 of earth moved. Significant differences 

were observed for carbon emissions between the two types of operations, and across the three 

levels of observed dredge sizes. In relation to the volume of earth moved, a significant difference 

was observed between the two operations types. Across the dredge sizes, a statistically significant 

difference existed between the volume of earth moved by 4” and 6” dredges, but these were 

significantly different from 8” dredges. 

 

The assessment of the awareness and willingness to reduce carbon footprints among the miners 

in Mahdia presents baseline data on miners’ knowledge, attitudes and practices related to the 

carbon footprint of the ASGM sector. It was found that awareness of carbon footprints was 

generally fair, but there was an almost unanimous lack of willingness of miners to reduce their 

carbon footprints. Miners believed that education and awareness campaigns on the topic, 

technological assistance, and access to finance to improve mining practices are essential factors 

to improve their willingness to reduce mining related carbon emissions.  

 

Finally, many of the carbon emission reduction measures posited in the literature coincided 
greatly with those measures outlined in the interview process. These included the use of 

alternative mining technologies, equipment, and fuel and mining methods; with such transitions 

being accompanied by rigorous education and awareness campaigns, adjustments to tax and 

incentive regimes; and adjustments in the regulation and management of the sector.  
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