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Foreword 

The School of Earth and Environmental Sciences (SEES) of the 

University of Guyana, since its inception in 2005, has been actively 

involved in teaching, research, consultancy, and community education 

and outreach in Guyana and the rest of the Caribbean. The SEES offers 

undergraduate degrees in Environmental Studies and Geography, as 

well as postgraduate degrees in Urban Planning and Environmental 

Management.   

 

The establishment of this “SEES Research Series” by the School is yet 

another milestone in the efforts of the School to be a centre for 

excellence on environmental management in the Caribbean. The Series 

was conceptualised as a platform for the sharing and dissemination of 

research outputs in the areas of environmental management and earth 

sciences. It is our hope that the research outputs can serve as useful 

and relevant reference points for various stakeholders with a focus on 

and interest in environmental management problems and issues. We 

also hope that the publication will enhance public awareness and 

education amongst the wider national and regional community.  

 

Guyana, like its Caribbean neighbours, is caught in a critical nexus 

between the need to utilise its natural resource base for development 

whilst at the same time conserving these resources and minimising the 

environmental degradation that results from their exploitation. Mining 

of mineral resources, for instance, has been steadily contributing to the 

nation’s Gross Domestic Product (GDP) over the past decades whilst 

simultaneously contributing to biodiversity loss and habitat destruction, 

land degradation, water pollution and negative effects on environmental 

and human health. The country’s tropical forest resources are critical 

for the commercial forestry and ecotourism sectors, as well as the 

country’s Low Carbon Development Strategy (LCDS). Yet, the 

forestry industry carries with it its own negative impacts, including, land 

degradation and habitat destruction and disturbance.  

 

In this inaugural issue, original research articles emanating from our 

students are presented on a range of environmental issues of critical 

significance for Guyana, including, carbon emissions and climate change, 

artisanal small-scale good mining, waste management, and occupational 

health and safety. These articles investigate various facets of these 

issues and engage with policy and practice dimensions, rendering their 

content of immense relevance for the entities, sectors and stakeholders 

charged with these areas. In addition to these articles are a series of 

brief commentaries and perspectives by staff of the School on the 
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theme of the ‘Green Economy’. Challenges and opportunities for 

Guyana as it ‘greens’ its economy are presented, and a range of issues 

surrounding the ‘green economy’ concept, including, ecosystem 

services, health, energy, and tertiary education, are discussed. 

 

It is our hope that the Series will further the mandate of the SEES, 

including its objectives to enhance public awareness and education 

about environmental problems and issues; foster linkages with and 

provide technical assistance to key stakeholder agencies; and to assist 

the Government of Guyana with respect to environmental policy 

formulation and implementation. If the research in this Series is shared 

with a range of stakeholders and sectors, and if it is able to provoke 

dialogue and change at various levels of society, then it would indeed 

have been a worthwhile project. 

 

In closing, I would like to commend the efforts of the Series editors, 

the staff and students of SEES who contributed to this inaugural edition 

and, in particular, the Director of SEES, for all their efforts and 

determination in ensuring the birth of this Series. Let’s keep the Series 

alive. 

 

Jacob Opadeyi 

Vice Chancellor IX and Principal 

University of Guyana 

2013 
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SEES Research Series 

Research Article I 

 

An Analysis of Trends in Road Transport and Policy Directives to 

Address Emissions 
 

Kerry Anne Cort, Denise Simmons & Navin Chandarpal 

 
______________________________________________________________________ 

 

Abstract 

 

Increase in vehicle usage in a developing nation like Guyana contributes to 

projected global greenhouse gas emissions. Although a net emitter, Guyana still 

shares the global responsibility to mitigate against climate change. This preliminary 

study examined the current state of vehicle trends and its effect on creating an 

efficient road transport sector. The study used a mixed method. Both quantitative 

and qualitative data were used to converge broad numeric trends in the vehicles 

registered and the issues related to policy implementation as described by key 

transportation and environmental agencies. The annual rate of increase for road 

vehicles was found to be 15% with an increase in passenger cars and light-duty 

vehicles. The trends also reveal that these vehicles are mostly used and 

reconditioned.  The policy measures recommended by this study included changing 

the current taxing system and improving efficiency in passenger travel. In this 

regard, the value of environmental consideration in the transport sector of the 

country needs to be strengthened and greater efforts are needed to investigate 

and monitor our vehicle fleet. 

 

Keywords: emissions, vehicles, climate change, passenger cars, estimations, 

trends 

______________________________________________________________________ 

 

Introduction 

Background  

The environmental agenda of Guyana became ever more important for its development priorities 

after the Rio Summit held in 1992.  As a requirement of the United Nations Framework 

Convention on Climate Change (UNFCCC), Guyana prepared and submitted its Initial National 

Communication (INC) in 2002 to the Conference of Parties of the Convention (COP). As part 

of the project, a greenhouse gas inventory was completed. The inventory for energy usage is 

currently estimated based on total fuel used within the country and this is considered a “top 

down” approach. In a narrow sense, there has not been any national scientific study or data 

collection for the evaluation of emissions from road transport directly based on vehicle activities. 

To broaden the perspective, global trends in vehicle ownership, usage, and related carbon 

emissions have been widely studied. The literature covers a broad spectrum from economic 
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methods (Davis & Khan, 2009; Pongthanaisawan et al., 2010) to analytical techniques (OECD, 

2002; Liaquat, 2010).  

 

In recent years, the overwhelming concentration of motor vehicles in developing countries 

contributed significantly to increased carbon emissions (Onursal et al., 1997), especially carbon 

dioxide and other pollutants responsible for climate change.  Estimates from the Guyana Revenue 

Authority (GRA) in 2010, show that there are 128,000 vehicles on the roadways of Guyana. 

While the number of new vehicles (with lower emissions) is increasing, old and poorly maintained 

vehicles (with high emissions) are still being imported and operated.  There is a significant demand 

and incentive to purchase these used vehicles. The Government of Guyana pursued a policy for 

permitting the importation of reconditioned vehicles for many general reasons: namely to assist 

with agricultural development, to make vehicles more affordable, and to ensure public and private 

transportation is readily and reasonably available to the Guyanese populace. The condition of 

these vehicles may be an increasing factor for deteriorating air quality and congestion, especially 

with the concentration of wealth around cities like Georgetown. 

 

Although Guyana is considered a net emitter (LCDS, 2010), the country embarked on the path 

to a low carbon economy by maintaining its standing forests, among other initiatives.  However, 

in moving towards a low carbon pathway, the country needs to define the carbon intensity of the 

road transport sector. The unresolved contributions of carbon dioxide to this sector may have 

economic implication to the commitments provided through our Low Carbon Development 

Strategy (LCDS). A national multi-faceted bottom-up approach is required to identify better 

procedures and more efficient methods within this sector. In this way, it is easier to identify areas 

and gaps needed for efficient passenger travel. Nevertheless, for low income countries like 

Guyana, the challenge is how to address economic development and poverty alleviation while 

engaging in climate change adaptation and low carbon development efforts.  

 

This research incorporates vehicle activity and condition into the greenhouse gas inventory 

analysis within Guyana. The intent of the concurrent design was to embed one smaller form of 

data within the context of another larger data collection in order to analyse different types of 

questions. The study utilised the bottom-up approach, which examines the effect of  emissions 

based on vehicle miles travelled and fuel efficiency, rather than the standard inventory of the 

country’s overall fuel consumption examined in the top down approach (Davies, n.d.). The 

objectives of the research are: to examine the trends associated with types of vehicles registered 

in Guyana for the period 2001 to 2010; and to recommend possible policy measures aimed at 

reducing emissions from road transport in Guyana.  

 

Literature Review 

Literature on climate change and transport is extensive since the awareness of the global scale of 

emissions of greenhouse gases (GHGs) has increased over recent years. In this section, we 

summarise and analyse the arguments posited by various authors, on addressing underlying 

factors and theories for vehicular emission and its influence on climate change and policy in the 

wider world. Research done in Guyana is also captured in this review. 
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How Vehicles Affect Carbon Dioxide Emissions 

Generally, it is assumed that once a motor vehicle is driven, it is considered used; the more it is 

driven increases the possibility of mechanical issues developing, thus the less efficient it becomes. 

As a vehicle becomes outdated and less efficient to newer models and technologies, more fuel is 

required to drive a shorter distance and in that case, the car emits more greenhouse gases.  

Common issues that affect motor vehicle emission rates are seen in Table 1.  
 

Table 1: Typical Factors Affecting Motor Vehicle Emissions  

Source: Guensler, 1994 (cited in Onursal, 1997) 

 

Kahn (1996) conducted empirical studies to show how vehicle emissions vary by model and how 

such estimates provide information about the benefits of past regulatory regime shifts. Using 

cross-sectional data, Kahn found that a 1975 model car pollutes significantly less than car models 

of 1974. The overall findings showed that aggregate vehicle emissions were falling and gave 

evidence that emissions fall when new-car emissions regulations become more stringent. It 

explained that microdata created by vehicle emissions testing programs, such as those in Table 

1, offer the opportunity to disaggregate emissions trends and to quantify how vehicle emissions 

vary by model, year, make, size, and used-car status.  

 

Although the research does not focus on the economics of vehicle importation and emissions, 

the issue of trade of used vehicles and consumption-based pollution still presents an important 

debate. Davis et al. (2009) examined the environmental consequences of international trade in 

used vehicles. The study emphasised that trade in used vehicles raises policy issues when it comes 

to international free trade and global efforts to mitigate greenhouse gas emissions. The study also 

found that differences in operating costs and willingness‐to‐pay for quality, imply that used 

vehicles will tend to be traded from high‐income countries to low‐income countries. In addition 

to this scale effect, trade affects the composition of vehicles in all countries. Therefore, since 

older vehicles tend to emit substantially higher levels of pollutants, trade may have a large impact 

on environmental quality in both importing and exporting countries. According to United Nations 

Environmental Programme (UNEP) Passenger Vehicle Standards & Fleets (2010), Guyana has no 

import restrictions for used vehicles, indirectly affecting the state of our emissions. Most vehicles 

imported into Guyana are made in Japan.  By incorporating lessons learned from studies such as 

Vehicle 

Parameters 

Fuel Parameters Vehicle Operating 

Conditions 

Environmental 

Parameters 

Vehicle class Fuel type Average vehicle speed Altitude  

 

Model-year Oxygen content Load (air conditioner, 

heavy load) 

Humidity 

Fuel delivery system Fuel volatility Cold or hot start 

 

Ambient temperature 

Emissions control 

system 

Sulphur content  Diurnal temperature 

changes 

On-board computer 

system 

Benzene content   

Inspection and 

maintenance 

Olefin and aromatic 

hydrocarbons 

  

 Lead and metals content   



12 

 

those by Khan and Davis, the Licence and Revenue Office and Transport Planning Unit may have 

a better understanding  of the effects of the country’s vehicle fleet.  

 

 

Motor Vehicle Increase and Climate Change 

There is an expected future growth in per capita vehicle ownership rates in regions such as Latin 

America and Asia (Eggleston & Walsh, 1993). The IEA/SMP (2004) transport model examined 

trends of vehicle ownership and usage. The model showed that in the developing world, vehicle 

ownership has consisted of highly polluting, used vehicles. The study explained that vehicle 

ownership may not be considered as an emissions issue, where some countries focus emission 

reduction strategies on vehicle usage and not ownership. The IEA explained that an older vehicle 

fleet in conjunction with poor maintenance practices and limited vehicle testing can mean that 

the impacts of motorisation on developing nations are many times worse than an equal level of 

motorisation in developed nations.  Such trends have not been widely studied in Guyana but 

provide useful feasibility analogies for the transport sector. The changes in Guyana’s vehicle 

ownership have only become considerable in recent years.  

 

Schipper, Peake and Marie (1997) suggested that the values attached to the externality of carbon 

emissions tend to be low compared to those associated with other problems. What their study 

explained was that CO2 by itself may not be “felt" as a strong stimulus for change, but by making 

changes to deal with other problems related to transport, this may affect areas such as traffic and 

ultimately emissions. Other externalities in transport may be more serious as they threaten 

Guyana today (such as congestion, deteriorating air quality and inefficient public transport) and 

thus, provide a feedback into the technologies and policies needed to reduce the problems. 

“Were CO2 emissions not increasing, authorities could wait for more information on possible 

damages before taking action…” (Schipper, Peake & Marie, 1997). However, as policy makers are 

“under pressure” from environmental authorities, it is becoming ever more important to 

understand the underlying factors for rising emissions. 

 

Measures for Emission Reduction 

Various countries have begun to evaluate the role of transport in fuel demand and emissions. 

Fabian’s study (2009) in the Philippines was an initial attempt to analyse the current and future 

emissions of CO2 and particulate matter from land transport as well as estimate the impacts of 

selected sustainable and low-carbon transport policies. His study had similar objectives to the 

present research. By formulating policy scenarios, it found that demand management measures 

had relatively substantial reductions compared to fuel efficiency and technological measures. 

Demand management refers to measures including road pricing or congestion pricing, higher 

parking fees or restricted parking in central business districts, or even the overall reduction of 

trips due to better urban planning. The potential of such policies in Georgetown was inquired 

upon within the current research.  

 

As pointed out by King (2007) and reiterated by Michaelis (1996), socio-economic and cultural 

policy initiatives stand out as the most effective focus for reducing CO2 emissions. The study also 

found that governments pay much attention to developing new technologies. Guyana is exploring 

the use of alternative fuels (LCDS, 2010). This is found to be one way of reducing GHG emissions; 
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however, technology might not provide the whole answer, and more research is needed into the 

possible role of developments in preference and lifestyle.   

 

In summary, most studies that were reviewed examined transport emissions based on GHG 

increase along with emissions in the context of climate change and policy measures needed to 

curb the increase. These studies highlighted to the lack of investigation and fusion of vehicle fleet 

and the environmental issues within the transport sector in Guyana. Before policy and decision-

makers develop strategies to reduce transport-related emissions, they need to understand how 

and why people make transport choices and what influences the nature of the transport system. 

 

Methodology 

Research Design 

This study used a concurrent embedded strategy of mixed methods.  It was important to use this 

strategy to gain a broader perspective as a result of examining data from the two methods. This 

helped to integrate the quantitative information gained through trend analysis with qualitative 

interview responses. The data could not be necessarily compared, but resided side by side as 

different representations that provide an overall composite assessment of the problem.  

 

To easily manage and represent the data, the researcher used the standardised vehicle categories 

set by the Intergovernmental Panel on Climate Change (IPCC) to group the vehicle types present 

in Guyana described by the Licence and Registration Office (LRO). Due to the scope of this 

research, we excluded all heavy-duty agricultural vehicles; namely, excavators, bulldozers, cranes, 

all-terrain vehicles, tractor/trailers, articulated vehicles, lorries, and draglines. The standard 

vehicle categories formulated for the study are summarised in Table 2. 

 
Table 2: Standard Vehicle Categories Used in Study 

 
 
 
 
 
 
 
 
Methodology for Objective 1: Trends of Registered Vehicles from 2001-2010 

Data Collection 

The main form of data collected was primary data taken from the LRO’s electronic database and 

the Guyana Energy Agency (GEA), while other inferences were made from secondary data 

sources. Accurate data for the ten year period under consideration was not available. As such, 

some variables that would be useful to the study were not included in trend analyses, such as the 

age of manufacture of the fleet, the source of vehicles, odometer readings or engine capacities. 

Further, correlation analysis was thus reduced. 

 

 

Vehicle Category LRO Vehicle Types  

Passenger cars (PC) Car, hearse, jeep, wagon 

Light Duty Vehicles (LDV) Land rover, lorry, pick-up, van 

Urban buses and coaches (UB) Motor bus, mini bus 

Motorcycles (MC) Cycle 
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 Variables 

In observing the trends of registered vehicles within the set time period, the following key 

variables were considered: 

 Total Number of Registrations 

 Categorisation of  vehicles 

o Weight characteristics 

o Type of vehicle  

o Condition of Vehicle: new (N), used (U) and reconditioned (R) 

 

Methodology for Objective 2: Policy measures for reduction possibilities in road emissions 

Interviews were conducted to obtain the views of key informants. Fourteen agencies were 

selected that were either directly or indirectly related to the transport sector and environment. 

Data were collected by means of an interview schedule containing thirteen items. The questions 

inquired about measures required for emission reductions and the state of emissions data and 

collaboration. The views of the respondents were summarised and analysed based on recurring 

themes.  

 

Ethical Issues 

The researcher had an ethical obligation to the research community in respecting the data that 

was supplied by various agencies and organisations. The confidentiality of the views of 

interviewees was upheld and no names were published in the official document. All principles and 

codes of conduct were adhered to for liberal information sharing and good relations with 

personnel. 

 

Results 

Figure 1 represents the total number of vehicles, of all types (excluding agricultural) that have 

been registered by the LRO for the period 1993 to 2010. Since the sample follows a normal 

population distribution, the Regression Line was plotted. Overall, the exponential trend reveals 

a positively increasing slope. The R2 value indicates that along the variable of time, only 51 % of 

the data is explained by the increasing trend and other factors may contribute to the rise in 

registrations. 

 
Figure 1: Total Vehicles Registered, 1993-2010 
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Figure 2 illustrates a comparison of the trends shown by vehicles of different categories. The 

trends show that more passenger cars are registered per year than any other vehicle category. 

The one-way ANOVA was used to test the variance between sample means. The null hypothesis 

is that there is no difference between the mean rate of change of the independent categories of 

vehicles (H0: μ1 = μ2 = μ3 etc). In essence, all vehicles change at the same rate each year.  The 

alternative is there is a difference between means (Ha: μ1  ≠μ2). The test revealed a P value of 

0.3821.  Since this value is greater than 0.05 at the 95 percent Confidence Interval (CI), there is 

no significant difference between mean rates of change over the ten years. This means that all 

vehicle categories were changing at a fairly comparable rate of registration over the ten year 

period. The rate of change may not be statistically significant, but as indicated in Figure 2, the 

average annual change for passengers cars are greater than other categories.  

 

 
Figure 2: Total Vehicles by Category 

 

 

The comparison of rates from the base year 2001 gives a clearer representation of changes within 

categories as represented in the table below. From 2004 there was a fairly sharp rate of increase 

of 42% in passenger cars and 52% of motorcycles compared to other categories. From 2003-

2006 the number of MC increased at a greater rate than PC, after which the rate of MC declined 

sharply while PC rose. Table 3 indicates that by the year 2009, rate of increase of LD surpassed 

that of PC and MC. Other variables (such as increased incomes and horizontal growth of urban 

areas) may have an influence on this observed trend. 

 

Table 3: Percent rate of change for each vehicle category 

Year 

PC 

Rate 

LDV 

Rate 

UB  

Rate 

MC 

Rate 

2002 -4% 12% 0.15% 21% 

2003 -1% 6% 0.20% 36% 

2004 42% 24% 0.21% 52% 

2005 6% 19% 0.39% 19% 
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2006 18% 10% 0.31% 7% 

2007 16% 7% 0.16% -14% 

2008 21% 10% 0.18% -32% 

2009 15% 21% 0.16% 12% 

2010 18% 21% 0.18% 16% 

Mean 17.6% 13.8% 0.19% -2.2% 

 

Vehicles may be categorised as new, used, or reconditioned, according to LRO types. In essence, 

a new vehicle is one that has not been driven, a used vehicle is one that has been driven 

extensively. and a reconditioned vehicle is one that has mechanical changes to the used vehicle 

to improve its condition. Figure 3 illustrates that comparatively the registrations of new, used 

and reconditioned vehicles over the ten year period. 

 

 
Figure 3: Total registrations based on vehicle condition 

 

Table 4 illustrates the percentage rate of change based on the vehicle condition (new, used or 

reconditioned) over the ten-year time period. It shows that reconditioned vehicles increased 

significantly in 2010 with a rate of change of 149% while the use of new vehicles declined by 6.1% 

and by 22.3% for used vehicles. This showed an improved conversion from solely used to 

reconditioned vehicles.  

 

Table 4: Percent rate of change for different vehicle conditions 

Year N-Rate U-Rate R-Rate 

2002 30.1% -8.1% 5.4% 

2003 28.2% -0.25% 10.2% 

2004 49.2% 30% 32.5% 

2005 20.6% -0.2% 60.9% 

2006 9.6% 20.8% 2.7% 

2007 -12.3% -15.7% 99.8% 

2008 -27.6% 32.8% 7.8% 
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2009 23.8% 18.4% -5.2% 

2010 -6.1% -22.3% 148.7% 

 

The null hypothesis is that there is no difference between mean rate of change of the independent 

conditions of vehicles (H0: μ1 = μ2 = μ3 etc).  The alternative is there is a difference between 

means (Ha: μ1  ≠μ2). The results of the one way ANOVA show a P-value of 0.0176. Since it is less 

than 0.05 it is considered statistically significant and there is a statistically significant difference 

between the mean rate of change of new, used, and reconditioned vehicles over the ten year 

period. The LSD pairwise comparative test shows the distinction between groups. The means for 

each condition were N: 2348.1, R: 1880.4 and U: 3326.9. The test revealed that used and 

reconditioned vehicles fall into different groups and their means are significantly different from 

each other over the ten years. Therefore the LSD shows significantly more used vehicles have 

been registered in Guyana than reconditioned but no significant difference between new vehicles.   

 

 
Discussion 

All vehicles have shown to increase at a fairly comparable rate with an observed peak beginning 

in 2008. There has been an increase in the number of passenger cars compared to other 

categories, although this was not statistically significant. Pongthanaisawan (2010) provided a study 

which illustrated that at the early stage of economic development of developing countries such 

as Thailand, the number of motorcycles predominates over private cars. He further 

demonstrated that economic development strongly affects the ownership of private vehicles in 

two ways: (1) overall private vehicle ownerships increase as the income levels grow; and (2) after 

personal income rises to a certain level, people will shift from motorcycle to car ownerships for 

their prestige, convenience, comfort, and safety. The data acquired from the LRO presented 

similar characteristics in the observed trends.  

 

The percentage rate of change of new vehicles showed an overall decline from 2006 onwards 

while registration of used vehicles was more significant.  The researcher uses the term “used” to 

mean more than 4 years old (Excise Division Figure pers. comm.). Age and mileage are not 

correlated at the LRO and as such were not evaluated. Essentially, vehicle emission testing creates 

a virtual census of a country's vehicle fleet. Data correlations beginning at the collection stage 

would enhance such estimations. Also, policies – particularly car restriction policies – are quite 

important as complementary measures in supporting public transport and non-motorised options 

as highlighted in the study by Wright and Fulton (2005). Notably, it was stated that a feasible 

policy directive applicable to the transportation sector of Guyana in the short term would be the 

restriction of the importation of foreign used vehicles to cars that are a maximum of five (5) years 

old (GINC, 2002). Based on the responses of the key informants, there were several recurring 

themes that will be discussed to aid in answering the second objective. 

 

Vehicles and Importation 

For the most part, the majority of interview respondents agreed that vehicle importation has 

been increasing, but whether this was of concern and emission control is needed, was differential. 

In Guyana’s context, it was described as critical because of the policy encouraging importation of 

used vehicles and higher duties for newer vehicles compared to reconditioned vehicles.  
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Some other perspectives were that from the viewpoint of national development, the average 

household simply has more disposable income to buy these vehicles. It was also described as a 

reflection of quite significant economic development. However, this analysis was scrutinised by 

others who said that an increase in personal vehicles is not necessarily needed for development 

in urban areas. Georgetown is reaching a point of heavy reliance on cars and more personal 

vehicles which may not breed efficiency in an urban centre. Wright (2004) states that if nations 

follow the same path of automobile dependence as developed nations, there is little that 

technological advances can offer to offset such a monumental increase in motorisation and its 

subsequent emissions. 

 

Fiscal Measures 

Many respondents shared the view that changes in the tax system could help to improve the 

overall quality in the vehicle fleet of Guyana. One view was that we cannot eradicate 

reconditioned vehicles immediately but we can certainly reduce the duty on new vehicles. Several 

reasons were put forth on why importing new vehicles is advantageous to Guyana; for instance: 

 “Guyana is not a producer of spare parts. All the spear parts for reconditioned vehicles have 

to be imported and these are the vehicles that require more parts. This means there’s foreign 

exchange leakage from our economy from our already limited foreign exchange.” 

 Used and reconditioned vehicles tend to consume more fuel. Since Guyana does not produce 

fuel, this means some additional importation of fuel needs to be imported to supply an older 

fleet. Again this is some leakage for the country.  

 

Other than taxes, certain incentives and measures present in other countries were thought to 

be useful in our case. For instance, it was suggested that a cost should be attached to parking in 

Georgetown and that there is no benefit of allowing free parking in such a city centre. It was 

highlighted that in the UK there is parking outside the city areas and free transportation available 

to the inner parts. Also, the insurance premium on reconditioned vehicles could be made higher 

than newer vehicles to discourage consumers from the latter option.  

 

Alternative Fuels 

There were contrasting views on Guyana’s readiness to pursue ethanol as an alternative fuel 

source.  It was stated that Guyana is actively pursuing an Agro-Energy policy with specific focus 

on biofuels. The production of ethanol as a blend in gasoline and biodiesel are being reviewed for 

possible implementation. The Ministry of Agriculture and Institute of Applied Science and 

Technology (IAST) have begun conducting lab studies in this area by testing the yield of feed 

stocks such as sorghum and sugarcane. However, this testing process has been slow.   

 

Transport Modes and Routes 

Another factor that was considered to be necessary in improving the overall efficiency of road 

transport was the entire transport network, which has an influence on vehicle usage. It was 

conveyed to the researcher that there has been considerable work done to improve the quality 

of roadways, but at the same time there has not been an overall increase in the number of roads. 

“So within the urban setting and coastal road network, although we have improved efficiency, 

capacity still remains quite limited”. As a result, a bottle-neck of traffic is created during rush 

hour periods mainly along the East Bank of Demerara. An improved system would include such 
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a network that reduces the number of trips to move the same number of persons while 

transporting more people. More passenger and bicycle spaces should also be available.   

 

“We need to start embracing passenger per miles travelled.” 

  

Noteworthy was the need to offer incentives for car-pooling, and routes that encouraged 

minibuses travelling at full loads.  Respondents also discussed the need to improve public 

transport. One responder elaborated on the inefficiency of the minibus for commuter traffic in 

urbanised centres. He stated that the overhead cost in a fifteen (15) seater is borne by thirteen 

(13) people when compared to a larger bus where a greater number of persons would bear the 

cost.  He further stated that while a minibus may execute more trips, the greater issue is safety.  

 

“The public transport should be subsidised more and instead of being a privatised system 

should fall under the Public Utilities Commission. This sector is not very respected and is 

considered dangerous.” 

 

Land use issues were also highlighted; the lack of adequate urban planning could lead to more 

vertical instead of horizontal growth which would require more transport needs.  Infrastructure, 

like bridges, and enforcement of tolls can impact decisions on where people live and work. As 

one informant stated: “We can start looking at reducing the need to commute”; signalling that 

out-sourcing jobs and telecommuting are newer and cheaper ways that require less energy.  

 

Data Management and Emission Inventory 

Transport is a compartment of the Energy Sector and all emission estimations are done through 

the GEA. The greatest challenge is getting data on time, in the required format, and complete for 

all periods and categories. There is need for proper collection, disaggregation and storage for 

easy retrieval. There must be proper feasibility analysis and more centralised planning so that 

there is better understanding of links between energy and transport, and other sectors. In 2008 

the License and Revenue Office took steps to shift their manual system to a computerised 

database. This resolved data management problems and included other data areas like engine 

type. There still remains a gap in data for earlier years and other variables such as the age of 

vehicles, source, and mileage. In all, it was said that Guyana’s forthcoming Third National 

Communication should not “reinvent the wheel”. There needs to be a verification system and 

the development of a national database for GHG inventory that is operable in all agencies.   

 

Conclusion 

This study found an observed increase in the number of passenger cars from 2006 compared 

with other categories, but the vehicle condition poses a greater problem being mostly used 

vehicles. Improving the population of older vehicles on the roadways of Guyana is one of the 

preliminary steps to reducing our carbon footprint. Monitoring transport related emission issues, 

vehicle usage, and data collection is sacrificed in most cases for more seemingly tangible duties. 

One possible impact of the lack of baseline data is the difficulty to set environmental standards. 

The country’s national policy is commendable for examining ways to pursue development that 

considers the environment. Greater effort is needed through incentives that serve to change the 

value system of the population, and consider more environmentally friendly options within road 

transport use.  
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Recommendations 

 
 Better collaboration is needed between the LRO, GEA, and Transport Planning Unit to 

monitor vehicle data provided upon registration. Good baseline data is important for 

planning and policies.  Good understanding of the present fleet is crucial. Data such as the 

age range of the fleet, source of vehicles, odometer readings or engine capacities were not 

included in trend analyses. Further trend analyses can be done that incorporate other 

economic and social indicators not highlighted in this study.  

 

 Since carbon dioxide emissions from road transport are dependent on emissions per vehicle 

miles travelled, greater recognition of the importance of the collection of such parameters 

are necessary. There is need for a broad country-wide programme to build capacity for data 

collection, analysis and data management. In this way better analysis can be made with 

respect to vehicle usage trends rather than just vehicle importation. 

 

 Some of the recommended policies that were described by the key transport and 

environment stakeholders included auto-restrictions and changing the tax regime, and 

discouraging the use of inefficient vehicles. Such fiscal measures can improve the incentive to 

purchase newer models of vehicles.    

 

 Other demand management policies were highlighted to address the issue of increasing 

private vehicle usage. These included more investment in public transport and non-

motorised transport infrastructure for walking and cycling. A package of complementary 

measures to substantially reduce vehicle emissions and congestion may include usage of an 

efficient public bus transit system, bicycle infrastructure, pedestrian improvements, and car-

free events. 
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Abstract 

 

Improper disposal of waste has resulted in a number of risks to human health and 

the environment. This is compounded by the fact that PET beverage bottles are 

considered stock pollutants. This study was conducted in Georgetown, Guyana. A 

structured survey of 203 households, and interviews with local PET recyclers, 

beverage companies, and key informants in waste management were carried out. 

The study revealed that there is both a need to recycle PET beverage bottles and 

room for PET recycling to advance, under the right conditions. 

 

 

Keywords: PET Beverage Bottle, waste disposal, recycling 

______________________________________________________________________ 

 

Introduction 

Polyethylene Terephthalate (PET) has gained acceptance worldwide since its introduction in the 

1970s. PET is economical to produce, lightweight for transport, and flexible while still 

shatterproof. It is unique and enables marketing strategies for companies and convenience for 

consumers (Vest, 2003, pp. 1, 3; CWC, 1997, p. 1; Kenplas Industry Ltd, 2011). The number of 

plastic water bottles sold in the USA grew from 4 billion in 1997 to an estimated 26 billion in 

2005, while disposal amounts increased from 3.4 to 22 billion for those respective years (Green 

Raising, n.d.).  The average worldwide production of plastic products is 35 kilograms per year per 

person and is estimated to increase by 3% per year (Time For Change, 2009).  

 

Locally, the city of Georgetown’s per capita solid waste generation is ranked the second largest 

in Guyana (PAHO/WHO, 2004, p. 46), and according to the 2009 waste characterisation study, 

there are approximately 83,000 tonnes of solid waste generated annually in Georgetown. This is 

comprised of 50% of organic waste, while the other 50% mainly consists of plastic, cardboard, 

and aluminium. Plastic comprises approximately 21% of the overall waste generated; i.e. 17,430 

tonnes of plastic waste1 with the generation of 2,490 tonnes of plastic bottles (Urlin, 2010, p. 4) 

(HYDROPLAN CEMCO INC, 2010, p. 8). The Mayor and City Council (M&CC), Georgetown 

spends approximately US$1.5 million annually (US$ 750,000 and US$ 540,000 on collection and 

                                                            
1Calculation: 83,000*21%= 17,430 
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disposal respectively) to deal with solid waste management, which is 16.7% of the M&CC annual 

budget (Urlin, 2010, p. 5). 

 

During the last 10 years, local beverage companies have opted for the use of plastic bottles to 

meet increasing market demand for beverage products sold, and this serves as a cost saving factor 

in the areas of breakage, handling, storage and production (Monize, 2010; Stabroek News, 2003). 

Currently, the services provided by the M&CC, in terms of solid waste management (SWM), 

entail overlooking and organising the collection and disposal of the city’s solid waste, but do not 

provide a service for recycling or segregation (PAHO/WHO, 2004, p. 18). Further, recycling has 

not been addressed in the solid waste management policy of Guyana (PAHO/WHO, 2004, p. 29). 

Nevertheless, the opportunities for recycling in Guyana are evident with the separation of 

recyclable materials such as scrap metal and cardboard by small businesses. The separation 

process, although not organised by the M&CC, has served to benefit the municipality via a 

reduction in the quantity of waste handled daily, with savings of 2% (US $29,000) in expenditure 

on waste management and income generation for members of the public (Urlin, 2010; Gonzales, 

2009, p. 8). 

 

Improper solid waste management poses a number of risks to human health and the environment 

(United States Environmental Protection Agency, 2002), such as, pollution of waterways and 

associated blockage of drains and canals, resulting in flooding during the rainy season and high 

tide. This also serves as a breeding ground for mosquitoes, allowing the spread of vector borne 

diseases (Monize, 2010). In addition, land pollution by PET is of greater concern since it affects 

the aesthetics of the environment, attracts insects and rodents (Monize, 2010) and occupies 

arable lands for landfill site. Finally, PET beverage bottles are a stock pollutant which accumulates 

over time in the environment. The environment has little or no absorptive capacity for stock 

pollutants. Therefore the damage becomes greater as more plastics enter the environment 

(Tietenberg, 2000, p. 335).  

   

The purpose of this study is to highlight the need to address the problem of PET beverage bottle 

waste disposal. The research objectives are to justify the need to recycle PET beverage bottles 

in Georgetown, and to determine opportunities that exist for PET beverage bottle recycling. This 

paper examines alternative approaches to managing PET beverage bottle disposal through 

recycling processes. Advancement of the current PET recycling activities is necessary for 

Georgetown as it will lead to efficient resource management and ensure recyclable materials re-

enter the system, creating a cycle that would produce less environmental burdens (Shanghai 

Mannual, pp. 10, 12). In addition, this research will justify the advancement of PET beverage bottle 

recycling in Georgetown, emphasise that PET beverage bottle is a resource, and encourage 

further research in the planning and implementation of a comprehensive integrated solid waste 

management programme. 

 

Literature Review 

As plastics are non-biodegradable, they occupy considerable space in landfills. A landfill that 

reaches its carrying capacity requires the development of another landfill, eventually diminishing 

available land space. Recycling would facilitate an efficient way to conserve material resources 

and energy, thus reducing the cost of production and extraction of the natural resources, 

minimise disposal in landfills, improve public sanitation and reduce  air, water, soil and land 
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pollution (Smith, Harrison, & Simmons, 1999, p. 32; Coelho, Castro, & Gobbo Jr., 2010, pp. 291, 

295). Additionally, PET plastic recycling offers the opportunity to engage stakeholders from the 

private and government sectors to work on extending PET life cycle (Coelho, Castro, & Gobbo 

Jr., 2010, p. 291).  PET recycling also offers many economic benefits such as a reduction in the 

volume of plastics generated as waste, cost savings in transport and collection for municipal waste 

management, and job creation (Coelho, Castro, & Gobbo Jr., 2010, pp. 292, 296).   

 

The results obtained from studies undertaken by Al-Maaded and Thanh found that recycling was 

the best and most favoured solution to deal with plastic waste management compared to thermal 

treatment and landfill disposal, because recycling has a low environmental impact (Al-Maaded, 

Madi, Kahraman, Hodzic, & Ozerkan, 2012; Thanh, Matsui, & Fujiwara, 2011). This position was 

supported by a seminar conducted by the Guyana Training Agency, which concluded that 

recycling was the best option to manage discarded plastics. One of the major difficulties affecting 

PET beverage bottle recycling in Georgetown is sufficient finances to manage the recycling 

operations (PAHO/WHO, 2004, p. 103). Presently, the environmental levy collected by the 

Government of Guyana is not used for environmental management in terms of SWM in Guyana 

(PAHO/WHO, 2004, pp. 101,102). 

 

Recycling is the most preferred option to effectively manage PET beverage bottles disposed of in 

the waste stream. Based on the literature reviewed, however, the successful implementation of 

PET beverage bottle recycling is dependent on a number of external factors that relate to 

governing legislations and support, local market share, buying market and global trade prices, 

efficient planning, and good management. The literature generally lacks a number of specific 

studies addressing PET beverage bottle recycling, focusing generally on solid waste management. 

Therefore, this study will address Polyethylene Terephthalate (PET) beverage bottle recycling in 

terms of justifying the need to recycle PET beverage bottles and determine opportunities for 

recycling within Georgetown.  

 

Methodology 

Both quantitative and qualitative methods were undertaken in this research. Primary data on PET 

beverage recycling was gathered using questionnaires and interviews, whilst secondary data 

sources included books, journals, and documents provided from relevant authorities. The 

researcher distributed letters to local beverage companies requesting the quantity of PET bottles 

manufactured and imported between the years 2006 to 2011 and PET beverage bottle products 

distributed in Georgetown. This was done in an effort to quantify data received and estimate the 

quantity of PET bottles entering the waste stream and the importation growth trend. A census 

was taken to obtain the names of all known local PET bottle recyclers and beverage companies, 

some of whom were interviewed. This was done to enable a broad understanding of the PET 

issue and the ways in which PET recycling can be promoted in Guyana.  

 

Twenty questionnaires were pre-tested along the East Bank of Demerara outside of Georgetown. 

Questionnaires were then distributed at households in Georgetown. Probability sampling was 

used, where Georgetown was first sub-divided into four Cluster blocks (Figure 1), in an effort to 

ensure the capture of all wards in close proximity and wards located on the boundary of the city. 

Subsequently, the sample size was calculated using a 7% margin of error to obtain a sample size 

of 203 households. 
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n =      N  where:    n   =  Sample size 

           1+N (e)2     N   = Population Size  

      e    = Margin of error       (Israel, 2009) 

 

The sample proportion for each cluster was then calculated to ensure the required sample 

needed for each cluster would be proportionate to the overall sample. The stratum size 

represents the total households found within each cluster. 

 

Sample Proportion = 
Stratum Size 

x Sample Size Total Population 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1: Sub-division of Georgetown (Clusters) 

Source: Mr. Colvern Venture, City Engineer (M&CC) 

 

Geographical distribution was undertaken to ensure a wide spread of the sample among the 

household population within each ward in each cluster. The sample proportion for each cluster 

was divided by the total wards found in that cluster. Sample interval (k) was then calculated by 

dividing the total population (N) of the clusters by the calculated sample proportion for each 

cluster. The mean interval 12 was applied in each ward within cluster blocks to select participating 

households. Field enumerators administered the questionnaire using the birthday rule to select 

respondents from households; that is, the individual with the next upcoming birthday who was 

present at the time of the survey was selected to participate. In the event of non-response at the 
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originally selected household, the house immediately following was the first alternate and the 

house preceding the original house, the second alternate. After completion of the questionnaire 

at the alternate house, the sampling interval was continued from the original house.  

 

Anonymity was assured when gathering data from the respondents. Steps were also taken to 

ensure that names of recyclers were not identified in the discussion, in order to protect their 

identity. Additionally, contact information was not requested from respondents participating in 

the survey. Data collected was analysed using SPSS to carry out descriptive and cross-tabulation 

analysis, while Microsoft Excel was used to generate graphs and computations of numerical data. 

 

Limitations encountered while conducting the research included: 

1. Lack of sufficient financing resulted in a change in margin of error from 5% to 7%. The 

subsequent change was due to the cost of making copies of the questionnaires, which delayed 

the timely commencement of the survey, as the researcher sought financial assistance. A five 

percent (5%) margin of error required 395 respondents to be surveyed but due to the limited 

time left to carry out the survey and the slow access to finances, the researcher used a margin 

of error calculator to determine the margin of error for a sample size of 203 from the 

household population of 34,962.  This was practical based on the available finances of the 

researcher. 

2. Difficulty accessing data, due to a lack of willingness by beverage companies to divulge data, 

limited the scope of quantification of PET bottles in Georgetown. Therefore, import data on 

bottles of plastics from the Bureau of Statistics was utilised which did not specify PET imports 

alone or distribution to Georgetown. Additionally, a bottle weighing exercise was conducted 

to make estimations and quantify PET bottles in waste stream.    

3. Some beverage companies declined to participate in the interviews. 

4. Recyclers were unwilling to divulge financial data concerning their business, with respect to 

the acquisition of machinery, recovery of PET beverage bottles, operational and processing 

costs. This resulted in the researcher not being able to do quantifiable analysis between 

recyclers to effectively determine feasibility of PET recycling among the local recyclers.   

 

 

Analysis and Discussion 

 

The need to recycle PET Beverage bottles 

The volume of PET bottles legitimately recognised and tariffed as plastic is approximately 1.9 

billion bottles. An additional 1.1 billion bottles imported are not tariffed as plastic because 

Customs only recognises the contents and not the container. An estimated 6 million bottles 

illegitimately enters Guyana (Fordyce, 2003, p. 8). The data showed fluctuations of PET bottle 

imports between 2006 to 2010, with the years 2007 and 2009 showing an increase by 26.53% 

and 56.07% respectively, while in 2008 and 2010, importation decreased by 24.64% and 9.45% 

respectively (Figure 2). 
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Figure 4: Historical Imports of Plastic Bottles in Guyana and Projection to 2015 

Source: Bureau of Statistics, 2011 

 

Despite fluctuations, the trend line is upward moving until 2015, indicating a potential increase in 

the importation of plastic bottles by Guyana. This trend is supported by responses from beverage 

companies that indicated their intention to expand the use of PET for bottling beverages geared 

towards making a variety of beverage bottle sizes available to consumers, packaging other 

products with PET such as rum, and increasing the market share of products.  

 

Based on the bottle weighing analysis: 1 tonne of plastics = 26,279 bottles (average from various 

sizes of bottles), plastic waste generation for 2009 was 2,490 tonnes; therefore, 65,435,133 

million plastic bottles was generated as waste for 2009 in Georgetown. On a monthly basis, 

5,452,927 million bottles (207 tonnes) would have been disposed. Weekly, 1,363,231 million 

bottles (51.87 tonnes) were disposed and 194,747 thousand plastic bottles (7.4 tonnes) disposed 

daily in 2009. With regard to finance, one recycler indicated that his operation would require 30 

to 40 tonnes weekly for viability but the weekly targets are not met consistently. Nevertheless, 

the recycler has approximately 769.6% monthly profits, which is approximately 7 times his 

monthly expenditure (shipping, maintenance, labour, packaging, electricity, transport, tax/duties, 

and administrative costs). 

 

Several factors highlight that recycling would be a useful approach for the effective management 

of non-biodegradable PET bottles: the quantity of PET bottles entering the waste stream, along 

with the projected increase of PET bottles import by 2015; the reality of illegitimate entry of PET 

bottle products into the local markets; the expansion of PET use by local beverage companies in 

Guyana; some PET bottle imports not being tariffed, and the prospects of recycling profitability. 

It would also be better to engage in PET beverage bottle recycling because there is a trade market 

for recovered PET that would reduce volumes of this substance entering the waste stream. 

 

Opportunities for PET Beverage Bottle Collection 

Approximately 88% of Georgetown residents dispose of their garbage via regular garbage 

collection service. Plastic waste (32%) was the material most frequently disposed, and of the 32% 

of respondents, the majority (31.3%) dispose of plastic beverage bottles. Forty-three percent of 
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the 31.3% that dispose beverage bottles discard approximately 1-5 bottles per week followed by 

26% who disposed 6-10 bottles weekly (Figure 3). This data clearly shows that beverage bottles 

are a major component of plastic waste disarded by households. Weekly household collection of 

PET would not be cost efficient for local recyclers, as approximately only 1-5 bottles are disposed 

of weekly. 

 

   

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Amount of Beverage Bottles Disposed Per Week 

 

Using the median value of three bottles, we can estimate that each individual household disposes 

approximately 12 bottles per month, which may not reach one pound (lb.) based on the size of 

bottles disposed as persons would consume a variety of beverage bottles with sizes ranging from 

12oz to 2 litres. Therefore, house to house collection of plastic beverage bottles would likely be 

unprofitable after factoring in transportation and fuel costs, and consumer propensity to litter. 

Once plastic beverage bottles are consumed they are not necessarily taken home; instead the 

bottles may either become litter or disposed of in the nearest receptacle available. Hence, it may 

be a more practical option for recyclers to engage in collection of PET beverage bottles from 

companies, institutions, supermarkets, dealers, schools and mini-marts (community shops), and 

provisions made to allow individuals to carry bottles directly to the recycler for a redemption 

price incentive (buy back/deposit-redemption). This would help provide incentives for the general 

public to separate the bottles and reduce the transportation cost of collecting the bottles by the 

recyclers. 

 

Pricing 

Based on the bottle weighing assessment, the smaller bottle sizes are lighter in weight. Therefore, 

larger amounts of bottles would be required per unit weight measurement (lbs, kg, and tonnes) 

according to estimates. Therefore, Recycler ‘C’ who is charging $1 per bottle is actually paying 

more than Recycler ‘B’ who charges $12 per kg. Thus, if Recycler ‘C’ purchased 1 kg of 2 litre 

bottles, $17 would be paid to the consumer returning the bottles, compared to $12 paid by 

Recycler ‘B’ for the same amount of bottles. In the long term, Recycler ‘C’ would spend more to 

acquire the bottles and therefore reduce his profits.  Recycler ‘C’ should therefore purchase 

bottles based on weight instead of per bottle.   

 

Additionally, it would not be advisable for an external body to set a standard price structure for 

the reclamation of PET beverage bottles because the price per weight will depend on factors such 
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as overhead costs, trade prices, transportation costs, shipping cost, and product shipping. For 

production shipping (bales/flakes), it is more economical to shred instead of bale, as shredding 

allows more weight to be packed into the same volume of container.     

 

Public Awareness 

Presently, none of the recyclers interviewed engage in public awareness campaigns for the 

collection of plastic bottles by their operations. Recyclers instead rely heavily on word-of-mouth 

communication. Based on data from the field survey, only 14% of respondents were aware of 

plastic recycling businesses. Additionally, 57% of the 14% indicated that their initial awareness of 

the businesses was through friends, family, or associates, while 27% were made aware through 

observation of the businesses in operations (Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Initial Awareness of Local Recycling Business 

 

It is interesting to note that 54% of those who were aware of plastic recycling knew that Banks 

DIH recycled, but did not know the local recycler providing that service to Banks DIH. This 

highlights the limited awareness about local PET recyclers among the general population, signaling 

that more should be done to sensitise the public in Georgetown of their operations to increase 

source market.  

 

 

Commercial Operations 

Recycler ‘A’ exports 11 tonnes of shredded PET flakes per month, while Recycler ‘B’ exports 

approximately 44 tonnes per month (shredded estimate) and Recycler ‘C’ is currently stockpiling 

and has not exported PET bales in recent months (Figure 5). 

 

 

 

 

 

 

 

 

 



31 

 

 

  

 

 

 

 

 

 

 

 
 
 
 
 
 Recycler ‘A’ Batch of Mixed PET flakes            Recycler ‘C’ Bales of PET bottle 

                                             Figure 7: PET Flakes and Bales 

 

Approximately 55 tonnes of PET flakes are exported per month, 44 tonnes are recovered post-

consumer PET, while 11 tonnes are from post-industrial PET reject bottles. Therefore, with 

reference to 2009 plastic waste generation, the recyclers would have only exported 21.2% of the 

total tonnes of plastic bottles generated as post-consumer waste for 2009, leaving approximately 

78.8% of post-consumer plastic waste unrecovered. Both post-consumer and post-industrial 

combined exports for 2009 would have been 26.5%. This figure demonstrates that there are 

potential opportunities to expand collection. 

 

Some recyclers have encountered various issues in their operations. These include competition 

from other businesses, the high cost of import duties, financial planning issues, lack of technical 

requirements, the high shipping and logistical costs, operational costs (maintenance, packaging, 

electricity, and labour), machinery replacement costs, limited PET bottle supply in Berbice, no 

access to environmental tax, the impact of foreign policy on the PET trade, and deception in 

trade. According to Recycler ‘F’, this has put a hold on the advancement of his business. Despite 

the challenges faced, most recyclers indicated they are satisfied with what they are receiving from 

their ventures, even though in most cases they break even. Regardless, some recyclers strongly 

believe that PET recycling can be profitable once the opportunities are offered to the recyclers, 

along with Government support, to expand their enterprises and ensure clean environments. 

 

Therefore, based on data obtained on PET recycling, there is room to further advance PET 

recycling activities in post-consumer recycling in Georgetown, Guyana. Promotion could include 

improving collection efficiency, increasing market share (locally), and processing to include the 

cleaning and drying phases in order to export clean PET flakes. The best opportunity for PET 

recycling in Georgetown would ultimately depend on various factors, such as, effective planning, 

financial investment, efficient management, market research, public awareness, collection 

efficiency, logistics and Government support.   
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Conclusion 

All stakeholders (policy makers, recyclers, commercial enterprises, and the general public) need 

to alter their perception of garbage from one of it as waste to that of a resource, since the 

majority of waste generated consists of material that can be reused, recycled and used for energy 

recovery. There is a need to recycle PET bottles in Georgetown, as approximately 6.9 

tonnes/6,900kg/15,180lbs (181,763) plastic bottles are generated daily. The need to recycle PET 

is justified by the reality of illegitimate entry of PET products into the local market, the expansion 

of PET in production and bottling of other products; coupled with projected increases of PET 

bottle imports. Only 21.2% of PET was removed from post-consumer waste, indicating that there 

are volumes of PET to be recovered from the waste stream. Also, several viable opportunities 

exist for promotion of current PET beverage bottle recycling: export of clean flakes, sensitisation, 

improved collection efficiency, and Government support.  

 

Guyana needs to establish a public-private initiative to address recycling, with involvement of the 

State, private companies, and environmental organisations for success in PET recycling. 

Government involvement should be indirect, in terms of revising laws, providing incentives, 

empowering citizens’ involvement and organising financing for the acquisition of equipment. In 

the final analysis, this would create an environment that supports the development of recycling 

and leads to the success of recycling ventures that benefit both the state and private enterprise. 

 

 

Recommendations 

For a more effective and successful PET beverage bottle recycling programme, the following is 

recommended: 

1. There should be more emphasis on recording imports of plastic according to the type of 

packaging and the category of its content (beverage, food, cosmetics and so on).  

2. Policymakers need to establish effective legislation and legal frameworks that speak to 

recycling and separation of recyclable materials from regular garbage.   

3. A percentage of environmental taxes collected by the Government should be redirected to 

various recycling endeavours. Support can also result from the lowering of import/export 

duties, provision of tax exemptions and provision of incentives to lending agencies to promote 

low interest loans to recyclers.  

4. Educational awareness campaigns through the media to educate the general public on the 

importance of recycling. Efforts should also be focused on schools and government 

institutions. 

5. Recyclers should sensitise the public of drop-off points, deposit redemption locations and 

transfer stations for various materials. Resources that can be used for such awareness 

activities include brochures, flyers, direct mail, billboards, advertisements, seminars, village 

talks, and promotional campaigns/events.  

6. Recyclers should set a standard price of reclaimed PET by unit weight and not per unit bottle. 

Additionally, shredding operations should be close to the source market to minimise 

transportation costs. 

7. Processing of reclaimed PET should be advanced to cleaning (manual/mechanical), as the 

world market prices for cleaned flakes is higher.  
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8. There should be encouragement to foster the development of middlemen, who purchase 

bottles from residents to be resold to the recyclers. This would minimise costs associated 

with recyclers travelling to the areas and would also create jobs for a number of individuals. 

9. Supermarkets, dealers of PET, beverage companies, and local community shops (mini-marts) 

should encourage consumers to return PET beverage bottles at the entities by issuing a cash 

voucher. This system provides incentives for consumers and encourages new purchases for 

the entities. This would be an economical way for local recyclers to form arrangements with 

these entities to purchase or collect the recovered bottles. This creates direct savings on 

transport and fuel costs.  

10. Drop-off points should be encouraged at various institutions such as the University of Guyana, 

schools (private and public), non-governmental agencies, international organisations, 

Governmental agencies, Ministries, and places of worship. This would facilitate the collection 

of PET beverage bottles and serve as a practical way to instil the principles of garbage 

separation and the values of recycling.  

11. Deposits-redemption (buy-back) transfer stations should be set up at various locations to 

facilitate the purchase of bottles by the recycler. This provides an economic incentive for the 

general public to separate the PET beverage bottles and minimise transportation costs for 

recyclers. 

12. Efforts should also be made to collect PET beverage bottles after public events such as the 

Mashramani road march, fun days, sporting events, and other activities where large groups 

assemble. This approach will necessitate that the recyclers liaise with event organisers to 

allow recyclers to collect PET beverage bottles disposed by the crowd.  

13. Once plastic recycling can efficiently expand in Georgetown, this will contribute to the 

establishment of an Integrated Solid Waste Management Programme, inclusive of other waste 

material. This effort should be expanded to include other areas in Guyana.  
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Abstract 

 

Environmental pollution that results from oil spills can be described as one of the 

most visible forms of pollution. Research has shown that a spill of used oil as little 

as one litre can contaminate as much as one million litres of freshwater. It is also 

one form of pollution in which the damages accrued can never really be valued in 

monetary terms. The absence of legislation governing the management of waste 

oil has resulted in management among waste oil generators being so poor that 

pollution has resulted.  Although the Environmental Protection (Hazardous Waste 

Management) Regulations, 2000, of Guyana prohibits the improper disposal of 

hazardous waste, there is no formal system that allows for suitable disposal 

methods by outlining a safe method of doing so. The Regulations explicitly state 

that it does not apply to recovered oil and used oil filters.This research assessed 

the waste oil management practices among mechanics in Linden through the use 

of pre-tested questionnaires, with the aim of determining whether these practices 

were satisfactory. The overall practices were found to be generally poor since 

compliance with best practices for handling and disposal was well below 50% and 

contributed to unsatisfactory overall management practices. 

 

Keywords: waste oil, mechanics, waste oil management 

______________________________________________________________________ 

 

Introduction 

Bourgeois (n.d., p. 2). indicated that waste oils represent the “greatest sources of pollution 

worldwide due to their multipurpose applications, quantities generated, low economic value and 

mismanagement”. Although waste oil may be generated from a number of industries, the 

generation of waste oil from the automotive industry usually accounts for the largest volume 

generated in many parts of the world. According to the United States (US) Department of Energy, 

lubricating oil for use as automotive fluids accounted for approximately 59% of the total demand 

for lubricating oil in the United States (US Department of Energy, 2006). Similarly, in Guyana, 

waste oil generated from the sale, maintenance and repair of motor vehicles was responsible for 
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the largest source of waste oil generation, accounting for 30.44% of the total waste oil generated 

(Caribbean Environmental Health Institute (CEHI), 2009, p. 44). 

 

Impacts of Waste Oil 

Waste oil is considered hazardous due to contaminants such as heavy metals and polycyclic 

aromatic hydrocarbons that become deposited in the virgin oil as a result of the wear and tear 

of engines, and through combustion and breakdown of additives present in the pure lubricating 

oil (Usman & Kayode-Sote, 2011, p. 160). Although there has been no strong evidence to firmly 

conclude that waste oil is harmful to human health, the use of protective gear has been 

encouraged in order to prevent any potential impacts that may result from contact with waste 

oil (such as eye, skin, and respiratory irritations) or with any component of the waste oil that 

may be carcinogenic. However, some studies have cited waste oil as having negative impacts on 

the aquatic and terrestrial environment. 

 

A study conducted in Alaska nine years after the Exxon Valdez oil spill revealed that numerous 

marine bird species were negatively affected at the population level and have not recovered to 

the population densities prior to the spill, with persistent oil in the environment cited as the 

reason for this (Irons & Kendall, 2000, p. 730). Another study revealed that the toxicity of waste 

oil had greater effects on the germination, growth, and yield of crops and more specifically, were 

found to show germination characteristics of stunted growth, yellowing of leaves and death of 

tips and margins of Arachis hypogea and Zea mays crops, with increasing negative effects from 

increasing concentrations of waste oil (Abdulhadi & Kawo, 2006, pp. 156 & 159). 

 

In many parts of the world, waste oil continues to pollute the environment due to the absence 

of controlled, regulated, and ecomonic incentives to properly manage waste engine oil. Many 

nations have legislation specific to waste oil management as a hazardous waste. For example, in 

Germany, the disposal of used oil has been carried out according to the guidelines set out in The 

Used Oil Ordinance since 1986 (Federal Ministry for Economic Cooperation and Development, 

2000, p. 7). Likewise, in St. Lucia, used oil is classified under the Marine Pollution Legislation of 

St. Lucia (St. Lucia Solid Waste Management Authority, 2004, p. 19).  Management of used oil in 

Guyana lacks a structured approach for its appropriate disposal since the Regulations go as far as 

to exempt used oil and filters from the list of materials considered to be hazardous (Guyana 

Environmental Protection Agency [EPA], 2000, p. 15). 

 

In an effort to reduce the need for transboundary shipments,  Article 4, Section 2b states that 

“appropriate measures should be taken to ensure the availability of adequate disposal facilities, 

for the environmentally sound management of hazardous and other wastes” (UNEP, 2011, p. 21). 

Although Guyana has an obligation under the Basel Convention to ensure proper management 

of hazardous waste, the exemption of waste oil from the list of hazardous wastes under Guyana’s 

Environmental Protection (Hazardous Wastes Management) Regulations 2000 creates 

uncertainty as to whether the rules governing hazardous waste management are applicable when 

considering used oil. 

 

The literature available on waste oil management is widespread and demonstrates the level of 

interest and concern placed on ensuring the process of waste oil management is environmentally 

friendly and where possible economically beneficial. The Basel Convention categorises waste oil 
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as hazardous; as a consequence, concern must be given to the way in which it is handled and 

disposed. As part of Guyana’s obligation under the Basel Convention, the management of waste 

oil becomes paramount. It is therefore imperative to prevent the entry of waste oil into the 

environment through efficient and effective waste oil handling, storage, transportation, and 

disposal practices. 

 

The importance of waste oil management is usually enshrined in legislation, which provides 

specific guidelines on the management of waste oil from handling to disposal. In most developing 

countries that lack financing and technologies, there is a lack of detailed guidelines that provide a 

useful framework for the management of waste oil of any sort, although statutory regulations 

may generally cover waste oil as a hazardous waste (Federal Ministry for Economic Cooperation 

and Development, 2000, p. 9).  Therefore, there is need for more stringent regulations and 

guidelines specific to the management of various types of waste oil in developing countries 

including used engine oil.  

 

Waste Oil Management Methods 

Worldwide increases in vehicle use place added pressure on countries to manage waste engine 

oil generated as a result of compulsory oil changes at specific time intervals. It therefore means 

that unless a use is found for this ‘waste’ product, the volumes stored worldwide will accumulate 

and increase the risk of accidental spills, or improper disposal methods may be used to get rid of 

the ‘waste’. 

 

A wide range of waste oil management methods that provide an alternative use of the waste oil 

are presented in the literature, some of which although not environmentally sound, provide a 

means of disposal of waste oil. It is these types of waste oil management methods – such as use 

as vermin, termite, and dust suppressants – that should be avoided in an effort to prevent direct 

or indirect pollution through these uses. Although toxins in used engine oil may take some time 

to accumulate to critical levels, they have resulted in serious environmental damage in many cases. 

According to the technical guidelines for the Basel Convention, “the potential impact generated 

by road oiling on health and the environment are severe enough to discourage or prohibit such 

practice” (Basel Convention, 1997 p. 9). In Ontario, some lakes were found to be so affected by 

runoff from roads subjected to road oiling using waste oil, that PCB levels were significantly 

elevated relative to non-affected lakes (Suns & Curry et al., 1980 p.12). In New Zealand, common 

complaints concerning road oiling included high odour and oil adherence to vehicles (Ministry for 

the Environment, 2000 p. 11). 

 

An analysis of available literature highlights the fact that preferred alternative uses of waste engine 

oil such as reclamation, refining, and controlled burning are more common in developed nations, 

and when they exist in less developed countries, they exist on a smaller scale. However, common 

uses of waste engine oil in developing countries include uses that can have significant negative 

impacts on the environment. 

 

Although the implementation of environmentally sound waste oil management strategies is 

necessary, a number of factors hinder the ability of many nations to do so. A Bangkok study 

concluded that in Asian countries, although waste oil recycling has been practiced for a number 

of years, the practice is still informal and unpopular due to insufficient technical, legislative, and 
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regulatory support (Leong & Laortanakul, 2003, p. 743). Similarly, some of the weaknesses 

identified in the management of hazardous and solid wastes in Jamaica included inadequate policy 

and regulatory frameworks, inadequate enforcement of existing legislation, inappropriate 

techniques being used at disposal sites and no facilities for storage, and treatment and disposal of 

hazardous wastes (Planning Institute of Jamaica, 2007, p. 48). The need for sensitising the public 

of the programmes in place for waste oil collection is seen as important. Lack of awareness or 

concern for waste oil management was also cited in the literature as a barrier that prevents those 

generating waste oil from implementing proper management strategies (Yusuf, 2010, p. 36). 

 

In Guyana the situation is a bit more serious: although considered a hazardous waste by the Basel 

Convention, waste oil is not listed as a hazardous waste and as such is not even indirectly managed 

by the country’s Environmental Protection (Hazardous Wastes Management) Regulations, 2000. 

In Guyana, it was also stated that the failure to compel generators of waste oil to become 

registered has hindered the implementation of proper waste management practices (Yusuf, 2010, 

p. 36). Hence, the need for stringent guidelines governing waste oil management is essential in 

creating a uniform system for dealing with waste oil in an environmentally sound manner. 

 

Methodology 

Rationale for Selection of Study Area 

Linden is located in Upper Demerara-Berbice (Region 10), approximately 107 km inland from 

Guyana’s Atlantic Coast on the East and West Banks of the Demerara River. It occupies an area 

of 140km2, has a population of about 40,000 and is the main population centre of Region 10. In 

years past, the main economic activities of Linden were centred on the bauxite industry which 

developed after the discovery of the mineral in the late 1920s. Although the bauxite industry has 

contracted it still employs a substantial number of the region’s population (Guyana Water 

Incorporated, 2012). 

 

Linden was selected for this study because, aside from being well known, it is easily accessible 

and is a central place for many vehicles, especially heavy duty ones that are either on their way 

into or out of interior locations in Guyana. Although Region 10 has a population of approximately 

40,000, the Caribbean Environmental Health Institute (CEHI) Hazardous Waste Inventory Report 

cited Region 10, of which Linden is the most populated, as the second largest generator of 

Category Y9 waste from the sale, maintenance and repair of motor vehicles, accounting for 

approximately 36% of the total country wide generation (Table 1). 

 
Table 1: The Distribution of Y9 Waste by Region for the Sale, Maintenance and Repair of Motor 

Vehicles Including Retail Sale of Automotive Fuel Sector (Source: CEHI, 2009) 

 

Region % of total 

2 3.95 

3 6.75 

4 48.62 

5 1.51 

6 1.57 

7 1.07 
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10 36.53 

Sample Size Selection 

Since the mechanic workshops to be targeted are the small, unregulated ones that are absent 

from available databases, a reconnaisance survey of the area was conducted during which 15 

mechanic shops were identified. Since the sample was so small, a census of the population was 

taken so as to maintain precision and accuracy.  

 

Research Instruments 

Questionnaires were pre-tested and altered during a pilot study before they were finalised as an 

instrument of data collection. The questionnaire was chosen because it is a means of obtaning 

first hand data from the respondents in order to make firm conclusions about the mehanics’ 

management practices. Observational checklists were used to corroborate some responses given 

by mechanics, such as the general layout of the workshop in relation to living areas, as well as 

conditions of the area near storage and where oil changes are conducted. This was believed to 

be important since there is a tendency for persons to deny their involvement in polluting 

activities. However, there exists some evidence of pollution because of the persistent black 

residue that remains long after waste oil pollution has occurred. 

 

Data Collection 

This objective was achieved through the use of carefully designed, pretested questionnaires that 

sought to explore the waste engine oil management practices among the mechanics. The 

questionnaire was administered via a face-to-face method to minimise the risk of mechanics 

misunderstanding questions posed and providing incorrect answers. The questionnaire was 

considered sensitive because waste oil is considered to have significant negative impacts on the 

environment and, as a result, respondents may be more likely to give an answer which they may 

believe to be the best response but not necessarily truthful.  

 

Data Analysis 

The descriptive method of data analysis was used to present critical information gathered. Due 

to the number of open ended questions in the research instrument, descriptive data analysis was 

selected to describe important phenomenon through reporting and the presentation of graphs 

and charts. However, in order to ultimately assess the degree of acceptability of the waste oil 

management practices, a framework setting out the criteria for assessment was created by using 

existing regulations and best practice guidelines from the United States of America and Sri Lanka. 

The criteria was then used to compare current management practices among the mechanics with 

those stipulated in the selected guidelines by noting the percentage of mechanics that comply 

with the guidelines set out in the framework. Consequently, points were awarded based on the 

degree of compliance stated and observed. In cases where observations were made, the results 

of the observation were used to judge the degree of compliance with recommended practices, 

and as such responses from the questionnaire were ignored. On the other hand, responses were 

considered in cases where observations were not made and the points allocated accordingly. In 

this way, each parameter was equally weighted. A maximum of 20 points was awarded for each 

parameter and the possible score out of twenty was calculated based on the percentage of 

mechanics that complied.  
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Ethical Considerations and Limitations 

The researcher recognises the importance of respecting the respondents’ wishes at all times and 

therefore ensured that confidentiality was assured and upheld. Due to the nature of the study, 

some respondents were sceptical about disclosing information for fear of being penalised for 

improper management practices. Photographs of the storage area were needed and as such 

created some amount of scepticism on the part of the mechanics/owners of the mechanic 

workshops. As a result, the assurance of confidentiality was reinforced and permission was sought 

before photographs were taken. In the cases where respondents could not be persuaded of 

confidentiality, the wishes of such persons were respected. The researcher also had an ethical 

obligation to ensure that information released by various entities was used only for the purposes 

of this survey. Aside from this, all literature used in the compilation of this research paper was 

cited and referenced appropriately so as to maintain academic integrity.  

 

Availability of information was a limitation; since the small mechanic shops of interest are 

unregulated, there exists no database from which a list of mechanic shops in Linden could be 

easily obtained. As a result, the researcher resorted to a reconnaissance survey. Given the fact 

that snowball sampling had to be used, the possibility exists that a few more mechanic shops may 

exist that other mechanics may be unaware of. As a result, critical members of the sample 

population may have been excluded.  

 
Analysis and Discussion 

Handling Practices and Conditions 

The responses revealed a wide range of areas within the vicinity of the mechanic shop where oil 

changes are conducted. Figure 1 illustrates that this was done primarily on the floor of the 

workshop or on the parapet near the workshop. Although the areas where oil changes were 

conducted varied among the mechanic shops, observations revealed that the surface of the oil 

changing area was either concrete in nature or an earthen surface. Of the workshops investigated, 

eight had concrete surfaces as their oil change area, five had soil, and two had a combination of 

both concrete and soil surfaces (Figure 2). 

 

 

 
Figure 1: Oil Change Locations 



41 

 

 

 

 
Figure 2: Oil Change Surface Types  

 

All mechanics stated that during oil changes, the oil was drained directly from the motor vehicles 

into a plastic or metal container with a capacity that ranged between 0.25 to 10 gallons. Aside 

from this, employees rarely wore protective attire and cited reasons such as comfort, 

affordability, and personal choice. 

 

Storage Practices and Conditions 

All mechanics reported that before a final choice for disposal was made, waste oil was stored on-

site in plastic/metal containers with a capacity of five gallons to forty-five gallons. Although best 

practice guidelines stipulate that plastics are unsuitable for storing waste oil, this material was 

more commonly used in comparison to the recommended metal containers (Figure 3). 

 

 
Figure 3: Comparison of Oil Storage Containers  

 

According to the data gathered, no respondent labelled storage containers, although 12 of them 

kept storage containers covered and in a designated storage area in cases where there was one. 

While this was so, three respondents mixed their waste oil with water and combined all kinds of 

Concrete Soil Other
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waste oil generated in one storage container. Measures taken to remedy accidental spills during 

storage (as well as during oil changes) mainly involved the use of sand or sawdust as an absorbent.  

Guidelines governing the management of waste oil state that absorbent materials should be 

handled carefully before disposal by removing the oil and ensuring that the absorbent does not 

contain hazardous components before disposal. In cases where they do contain hazardous 

contaminants, they must be taken to a hazardous waste facility to be disposed; otherwise, they 

may be disposed at a landfill site (USEPA, 1994, p. 19). Unfortunately, this study revealed that the 

final fate of the absorbent used was either on-site dumping or garbage bins disposal. This highlights 

the fact that although a conscious effort is being made to ensure the oil change and storage areas 

were free of oil residue, the same degree of caution was not exercised to avoid further 

environmental damage at final disposal of absorbents. 

 

The length of time during which waste oil was stored varied tremendously ranging from a mere 

one day to as much as one year. It is believed that although waste oil storage is currently 

practically recommended by the Guyana EPA, the longer waste oil is stored, the higher the 

chances of accidental spillage. Secondly, because waste oil storage capacity is finite and there is a 

market for waste oil, all respondents have opted to get rid of their stored waste oil by a number 

of ways, which included dumping (1 mechanic). 

 

Disposal Practices and Conditions 

Dumping 

Although observations revealed evidence of waste oil spillage in the environs of a few mechanic 

shops, only one mechanic reported that he dumped waste oil because his storage capacity was 

limited and the waste oil was also being used as a weed suppressant. He stated that this practice 

was a new one and has resulted because the market for waste oil has been taken over by persons 

residing closer to the interior who make waste oil available to the chainsaw operators at a much 

cheaper cost than his sale price. He stated that approximately six pints (0.75 gallons) of waste oil 

was being dumped on the vegetation behind his workshop on a daily basis. Despite this activity, 

he believes that such a practice had no significant negative impacts on the environment and 

although it destroyed vegetation, it was his aim to do so. 

  

Given Away/Sold/Reused 

The waste oil was given away or sold primarily to chainsaw operators for the purpose of 

lubricating their chainsaws (Figure 4). This finding was similar to that of Yusuf (2010) where waste 

oil generated was sold mainly to chainsaw operators. Hence, irrespective of location, this seems 

to be a popular alternative use for waste oil in Guyana. In cases where the waste oil was sold, 

mechanics interviewed received between $110 and $300 per gallon. Although one mechanic 

stated that he sold as much as 90 gallons of waste oil weekly, six sold smaller quantities (5-45 

gallons) at frequencies ranging from fortnightly to every six months. Despite the fact that 

accumulation of waste oil on-site increases the chances of large scale spills, waste oil should be 

handled as little as possible since the more the used oil is transferred from one storage container 

to another or transported around the facility, the greater the potential for spills (USEPA, 1994, 

p. 34). Although it is seen as a potential business, the sale of waste oil for use in the timber 

industry is not environmentally sound and as such is not approved by the Environmental 

Protection Agency. 
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Figure 4: Purposes for Giving Away/Selling/Reusing Waste Oil  

 

As shown in Figure 4, a large proportion of respondents (40%) reportedly give away waste oil 

generated to residents in the community for minor uses, which mainly encompassed various 

forms of pest control (which, as previously stated, is unapproved and therefore not 

recommended by the Guyana EPA). Only one generator stated that he reused the waste oil. 

However, the purpose for which he did so was similar to a large number of other users since he 

stated that he had a timber operation in the interior. 

 

Transporting 

Fourteen of the fifteen mechanics (93.3%) stated that their waste oil was uplifted by collectors. 

There was, however, a lone mechanic who reused his waste oil and as such undertook the 

responsibility of transporting the waste oil. The oil was transported in either 45 gallon plastic 

drums or 5 gallon plastic bottles fortnightly using a pickup truck. Based on the information 

previously gathered, the monthly volume transported by this individual should amount to 

approximately 72 gallons since he stated this as the amount of waste oil he generated on a 

monthly basis. The waste oil is transported to an interior location for the purpose of being used 

as a lubricant for chainsaws. The mechanic also took preventative measures to avoid the spilling 

of waste oil by securely strapping the containers so as to limit the possible movement that can 

occur. In spite of this, in cases where spills occurred, the vehicle was taken to a car wash and 

cleaned. 

 

Observations 

Specific observations were made at the mechanic shops so as to draw conclusions and 

corroborate some of the information obtained from the questionnaires.  It was observed that 

only one mechanic shop was completely enclosed while four were in unshaded yard or parapet 

areas, and ten were in shaded parapet or yard areas. While five mechanic shops were detached 

from any buildings, ten were in close proximity to living quarters. However, five shops were 

closely joined to the living area and 5 were distinctly separate from the living areas.  

 

An inspection of the storage area showed that all workshops had storage containers present, of 

which none was labelled. At two mechanic shops, containers showed signs of leakage while the 

containers at 13 shops appeared structurally intact. There was also no spill containment in the 
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storage area of any mechanic shop which had surfaces comprised of soil (6), metal (1), sawdust 

(1), and concrete (7). Oil residue was visible on the ground of the storage area in nine mechanic 

shops, while the storage area at the remaining six shops had no oil residue visible. Of the three 

mechanic shops with drains near the storage area, oil was visible in one drain. The oil change area 

of eight mechanic shops showed no sign of oil residue on the ground compared to the oil change 

area at seven shops where oil residue was visible. Oil was visible in the drains near the oil change 

area of two mechanic shops. Observation of the employees’ attire revealed that only at one 

mechanic shop was there an indication of safety attire used, which in this case was a pair of safety 

boots worn by one employee.  

 

Assessment of Management Practices 

In assessing the management practices, although the responses of the questionnaires revealed 

compliance with best practices for used oil management, observations showed that the degree 

of compliance was less than stated. The overall result of the assessment is seen in Table 2. 

 
Table 2: Results of Assessment of the Mechanics in Linden Management Practices 

 

Practice/condition Points gained Total points Compliance (%) 

Handling 1.34 20 6.70 

Storage 88.00 160 55.00 

Disposal 0.00 60 0.00 

Emergency Response 37.32 60 62.20 

Overall Practices 126.66 300 42.22 

 

Generally, the respondents’ management practices can be viewed as substandard since less than 

50% of mechanics complied with the best practice requirements. The poor compliance in handling 

and disposal of waste oil, was mainly responsible for the waste oil management practices among 

mechanics in Linden being categorised as unsatisfactory. Emergency responses are fairly well 

adhered to, and as such, contributed positively to the respondents’ overall practices. It is also 

noted that disposal practices exercised among the mechanics were extremely poor, since none 

complied with disposal practices set out in suggested guidelines. This can be attributed to the 

lack of such recommended disposal facilities within the country. 

 

Conclusion 

The overall assessment of the waste oil management practices among Linden mechanics indicated 

that although the storage practices and emergency response measures were satisfactory, the 

poor handling and disposal practices of the mechanics contributed to their overall practices being 

categorised as unsatisfactory. The disposal methods currently employed by the mechanics, such 

as use for chainsaw lubrication, and termite, and snake and acoushi ants control, conflict with 

best practices for waste oil management and as such are not recommended by the Guyana EPA. 

At present, the Guyana EPA recommends that waste oil should be stored in an environmentally 

appropriate manner until there is a facility at which it can be disposed.  

 

Recommendations 

 There is need for legislation/regulations that specifically address the management of waste 

oil in such a manner that they clearly set out guidelines for its management. 
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 The activities of waste oil generators should be monitored to ensure that practices are being 

conducted in accordance with the guidelines set out in the legislation, irrespective of the 

volume of waste oil generated. 

 Management of the waste oil must also include materials that may be contaminated by waste 

oil, such as absorbents used to remedy spills and oil filters. 

 The need for improved management practices must be commensurate with improved 

disposal facilities/options in Guyana. 

 There needs to be an assessment of the waste oil management practice among other users 

who are in receipt of waste oil, such as chainsaw operators and residents, to determine 

environmental impacts of these practices. An attempt to quantify the volume of waste oil 

devoted to minor uses can be useful in assessing the potential environmental impact. 
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Abstract 

 

This study covers an investigation into occupational exposure to benzene emitted 

from gasoline during refuelling in Greater Georgetown. Pump attendants are 

particularly vulnerable as they are constantly exposed to gasoline vapour during 

their work day. Two mathematical models were used to determine a 

concentration of benzene to which gasoline pump attendants could potentially be 

exposed. Then the potential health implications of this exposure were examined. 

The benzene exposure concentrations were found to be 1.5mg/m3 and 0.4mg/m3 

for Shell and Guyoil Service Stations respectively, which are within the permissible 

exposure limits set by the developed world (e.g. by the National Institute for 

Occupational Safety and Health in the United States of America and countries of 

the European Union). Due to certain limitations of this research, future research 

using more accurate methods is required to determine a general occupational 

exposure for all pump attendants in Greater Georgetown at any given time, and 

measures to reduce exposure should be considered. 

 

Keywords: occupational exposure, benzene, refuelling, gasoline 

______________________________________________________________________ 

 

Introduction 

Background  

In urban areas that have a higher population density and traffic-related air pollution, traffic is the 

most important source of air benzene concentrations (Vlachokostas et al., 2011). Research has 

found that gas stations are the second major source of BTEX emissions (benzene, toluene, ethyl 

benzene and xylene) (Correa et al., 2012, p. 164). Benzene emissions are always present in vapour 

form in vehicle fuel tanks and are forced out when the tank is filled with liquid fuel (U.S. 

Environmental Protection Agency Office of Mobile Sources, p. 3), with fuel benzene content 

having the greatest influence on benzene refuelling emissions into the atmosphere (Laing, 1986, 

p. 5). Presently, the benzene content in gasoline varies from less than 1% to 5% vol, depending 

on fuel quality, countries’ legislation and season (Verma & Tombe, 2002).  

 

It is very important to monitor benzene levels and assess air quality at a local scale since benzene 

has been found to have relatively high population risks (e.g. development of cancer) in various 
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countries among hydrocarbon air pollutants (Vlachokostas et al., 2011, p. 2585). Many of the 

toxicological effects due to gasoline exposure have been attributed to specific components of the 

mixture like benzene. Benzene is dangerous to human health as its toxic effects are mainly on the 

haematopoietic system and the immune system. Benzene has also been classified as a group A 

human carcinogen by the Environmental Protection Agency (the United States of America). In 

addition to occupational exposure to benzene, persons can increase their exposure and toxicity 

to benzene through lifestyle choices such as smoking and alcohol consumption.  

 

Gas station service attendants are a particularly vulnerable group as they can be exposed to low 

levels of benzene during the refuelling of vehicles (at the vehicle/nozzle interface), and from 

ambient air concentrations of benzene, especially if they work in an urban area such as 

Georgetown, Guyana where there is heavy vehicular traffic as compared with other parts of the 

country. This occupational exposure is defined as the concentration of potentially harmful 

chemical, physical, or biological agents in the work environment that an employee can be exposed 

to during a specified period, i.e. the 8 hour work period (OECD, 1993, p. 12 and Reference.MD, 

2012).  

 

Within the last ten years Guyana has seen a significant increase in the importation and registration 

of vehicles in the country (Guyana Revenue Authority, 2010). These vehicles require refuelling, 

and so pump attendants today are being utilized more frequently to refill these vehicles. As such 

exposure to benzene during refuelling has increased over the years. Other potential sources of 

exposure are vapours from vehicle fuel tanks, fuel soaked rags or accidentally soiled clothing, and 

exhaust gases from tankers delivering fuel (Carrieri et al. 2006, p. 147).  

 

Relevant agencies such as The Environmental Protection Agency (Guyana) and the Ministry of 

Labour, Human Services and Social Security (Guyana) lack the capacity to monitor benzene 

emissions and exposure concentrations. As a result, there has been no research on the 

occupational exposure to benzene during vehicle refuelling in Guyana. Therefore, it is unknown 

if pump attendants are being exposed to dangerous levels of benzene during their time at work. 

The main aims of this research were to estimate the occupational exposure of service station 

pump attendants to benzene during refuelling using mathematical models and to determine the 

possible health implications due this type of chronic low level exposure.  

 

Literature Review 

There are many differing views by international health agencies and scientific bodies on the health 

hazard due to the inhalation of gasoline (Keenan et al., 2010, p. 293). Gasoline has been classed 

as a possible human carcinogen by the International Agency for Research on Cancer (IARC) based 

on the establishment of benzene (Group 1 Carcinogen, IARC, 1987) and 1, 3 butadiene as 

carcinogens. However, for benzene to be toxic it has to be metabolized to reactive intermediates 

(Snyder et al., 1993, p. 293) in the liver. Since benzene is dangerous to human health, occupational 

limits have been set e.g. the National Institute for Occupational Safety and Health in the United 

States of America set the occupational limit value to 1ppm or 3.25mg/m3. 
 

Methods Used to Determine Occupational Benzene Exposure 

There have been several studies done which try to assess the occupational exposure to benzene. 

The methods employed some form of scientific testing in order to estimate the concentration of 
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benzene that persons were exposed to during refuelling of vehicles. Models (mathematical and 

computer) were also used to estimate exposure. For instance, a study by Karakitsios et al. (2007) 

in Greece used a computer model to predict an exposure to benzene for filling station employees 

and compared the results to those obtained from passive sampling. In another study done by 

Vainiotalo et al. (1999) on customer exposure to benzene during gasoline refuelling, there was 

also comparison of exposure between a rural and an urban gas station. Both gas stations had 

stage I vapour recovery systems that collect vapours during unloading but not stage II recovery, 

which collects vapours released from a vehicle’s gasoline tank during refuelling. Even though the 

study was done on customers, the method can be applied to gas station service attendants. Air 

samples were collected from the customers’ breathing zones in charcoal tubes during refuelling. 

Samples were then analysed in a laboratory and the concentration of benzene determined.  

 

Exposure to benzene can also be determined by means of biological testing by testing for certain 

biological indicators. Phenol is the main metabolite of benzene, and it has been found in the 

literature that the phenol concentration in the urine of exposed workers can be used as an index 

of internal dose because the urinary level is highly correlated with external benzene exposure 

(Celik & Akbas, 2005, p. 110). In the research done by Celik and Akbas (2005, p. 110) the mean 

urinary phenol levels of the pump attendants could be attributed to  occupational exposure when 

the subjects considered shared the same demographic parameters e.g. diet, smoking, ingestion of 

medicine. 
 

Health Consequences Due to Low Level Occupational Exposure 
Low level occupational exposure to air benzene is considered to be less than 10ppm (ATSDR, 

2000, p. 13). Chronic toxicity in humans occupationally exposed to benzene include 

haematological (aplastic anaemia and pancytopenia), mutagenic (chromosomal aberrations), and 

carcinogenic (acute non- lymphocytic leukaemia) (Duarte- Davidson et al., 2001, p. 3). “Most of 

the evidence for this derives from industrial studies of workers exposed to benzene, often as a 

constituent of a complex mixture.”  

 

In a study done by Terry et al. (2005) in the U.S. and Canada statistically significant associations 

were found between acute myeloid leukaemia (AML) and several occupations, one of which 

included gas station pump attendants.  However, one study which focused on the risk of cancer 

and exposure to gasoline vapours in the Nordic countries (i.e. Denmark, Norway, Sweden, 

France and Finland) concluded that pump attendants with average level of exposure to benzene 

<1ppm, showed no excess risk of leukaemia, specifically AML (Lynge et al., 1997, p. 457). 

Interestingly though, they had an elevated risk of other types of cancer such as pharyngeal, 

laryngeal, lung etc. (Lynge et al., 1997, p. 457). 

 

Generally, there is conflicting evidence on potential haematological effects of benzene at low 

concentration levels (Swaen et al. 2010, p. 94).  A study conducted concluded that petrol 

(containing benzene) exposure can be associated with geno-toxic effects on the lymphocytes 

(Celik & Akbas, 2005, p. 110). The results showed that the proliferation of human lymphocytes 

was significantly inhibited, indicating immune-suppression in the pump attendants when compared 

to the control group (Celik & Akbas, 2005, p. 109). On the other hand, Swaen et al. (2010) 

conducted a study in the Netherlands which found that workers exposed to low benzene 

concentrations were not at risk for haematological effects.  
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Additionally, benzene has been shown to cause sperm aneuploidy at exposures less that 10ppm, 

even as low as less than 1ppm (Xing et al., 2010, p. 833). This can indicate that the current PEL 

for benzene is not sufficient enough to protect men from reproductive damage.  

 

Methodology 

Description of Study Area 

The petrol companies identified for this research project were Sol Guyana Inc., the Guyana Oil 

Company Limited and Texaco located within greater Georgetown. Initially, the study was to be 

done at these three main petrol companies. However, permission to conduct the research was 

only given by the head offices of Sol Guyana Inc. and the Guyana Oil Company Limited. The 

research was done at seven service stations, as this was the total number of Shell and Guyoil Service 

Stations within Greater Georgetown. Georgetown is one of the six urban municipalities of Guyana 

(NDS, 2001, chapter 21) and is the capital city. Greater Georgetown is 39km2 encompassing 

Cummings Lodge on the East Coast of Demerara and Agricola on the East Bank of Demerara 

(Urban Environment Outlook, GEO Georgetown, 2009, p. 13). Greater Georgetown was chosen 

because more of the gas/service stations would be captured in the survey. Another reason for 

choosing this urban area is that pump attendants there would be more susceptible to benzene 

exposure due to the higher traffic flow.  

Figure 8: Location of the Service Stations, Greater Georgetown. Source: Google Earth 
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Experiment Design 

Temperature was tested using a HACH pH meter as this had the thermometer or temperature 

sensor attached to it. The meter was attached to a display screen (series: HQ40d). Since the 

emission of benzene would be affected by temperature, it was decided that data should be 

obtained to determine the lowest and highest benzene concentration that the pump attendants 

would be exposed to. Therefore, temperature measurements were taken at the highest 

temperature, at the lowest temperature and at a temperature between those two.  

 

In order to determine the time at which measurements should be taken, data on temperature 

variation throughout the day was needed. This information was obtained from the 

Hydrometerological Office of the Ministry of Agriculture, Guyana. The data set on temperature 

obtained dated from the 19 April 2012 to 27 April 2012. From this data set it was determined 

that the lowest temperature for Georgetown fell between 05:00hrs and 06:00hrs, and that the 

highest temperature fell between 12:00hrs and 14:00hrs. A median temperature was found to be 

between 10:00hrs and 11:00hrs. Thus, the time intervals chosen for taking measurements were 

05:00-06:00hrs, 10:00-11:00hrs, and 12:30-13:30 hrs.  

 

It was decided that temperature measurements would be taken for three days at each service 

station.  During each time interval, three measurements would be taken. The vehicles 

temperatures that were measured included cars, pickups and mini-buses. Temperature 

measurements were only taken at five of the seven gas stations because the gasoline damaged 

the protective plastic covering the thermometer. Before the measurements of temperature were 

taken, the general environmental conditions of each service station were recorded. The 

environmental conditions (e.g. windy, overcast) at each time of testing were also recorded. 

 

Verbal consent to measure the temperature was sought from the customers that were refuelling 

their vehicles during the testing intervals. Once they agreed, the tank was opened and the 

thermometer was immediately placed in the vehicle tank i.e. before refuelling commenced. The 

temperature and time were then recorded.  

 

 

 

Calculation of Benzene Emission Factor 

In 1986, a study by Laing (United States (US) Environmental Protection Agency) developed an 

empirical relationship between benzene refuelling emissions and fuel/ temperature conditions. 

His report on the study presented the results of an Environmental Protection Agency test 

program designed to characterize benzene refuelling emissions. The study also examined several 

other available benzene refuelling emission studies to form a combined data base (Laing, 1986, p. 

1). A relationship between benzene refuelling emissions and three significant parameters was then 

developed by fitting a multivariate linear regression model these combined data. 

 

According to Laing (1986, p. 5), “the relationship has several important uses such as the 

estimation of a national benzene rate.” In order to estimate a total emission factor for benzene 

during refuelling a spillage factor must be taken into account. This prediction equation (model) 

used to calculate the benzene emission factor for this research was as follows: 
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Er = (0.038 * %Bz) – (1.60 x 10-4 * TD) – (4.24 x 10-4 * ∆T) 

 

Where;  

Er = Emission rate in grams benzene/ gallon (important to note here is the type of gallon 

used in the equation)  

%Bz = Liquid fuel benzene concentration (% wt.), expressed as a percent not a decimal 

fraction 

TD = Dispensed fuel temperature (°F) 

∆T = Difference between fuel tank temperature and dispensed fuel temperature (°F). 

The benzene concentration obtained from the certificate of quality was in %v. Therefore 

there had to be a conversion from %v to %wt. This was done using the following 

conversion: 

%wt. = %v (A in B) x density A/ density B (at 15 °C); where A= benzene and B= gasoline  

The density (kg/L) of the gasoline at 15 °C was also obtained from the certificate of quality. 

The model (Laing, 1986) required the temperature to be in °F, but the temperature was 

measured in °C during data collection. This was converted to °F using a “Convert.exe” 

computer programme based on the formula °F= (°C*5/9) + 32. 

 

Considerations and Limitations 

 The model does not take into consideration the fuel delivery rate 

 The model does not take into consideration the vehicle fuel system configuration 

 Measurements were taken at atmospheric pressure 

 The liquid gasoline and the gasoline vapour were assumed to be the same temperature 

due to limitation with equipment as the temperature sensor was too big to go into the 

vehicle tank. 

 

Calculation of an Estimated Benzene Exposure  

The exposure concentration was calculated using a Gaussian model of atmospheric dispersion 

which determines exposure. It is a mathematical model of atmospheric dispersion that tries to 

simulate the behaviour of the plume emitted from the ground level point source, or in chimneys 

with specific height. The model chosen calculates concentration in the air from a ground level 

source. 

 

The estimated benzene exposure concentration at 0.5m = 

C(x,0,0)= Q/π u σy σz 

Where; 

Q= emission rate in g/s 

u= wind speed in m/s 

σy= 3.05m, normal deviation in direction y 

σz= 0.035m, normal deviation in direction z 
(Source: Wark and Warner, 2001, p. 161) 

 

Considerations and Limitations 

 The flow rate was not measured but was obtained from the head offices of the service 

stations. 
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 Wind speed data was used to find an average wind speed for Greater Georgetown due to 

equipment limitation. Average wind speed for Greater Georgetown (u) = 8.2m/s 

(Hydrometerological Office). 

 The model calculates atmospheric concentration from an emission source at ground level 

along a horizontal distance of 0.5m. This distance was chosen because it is assumed that pump 

attendants will most likely operate within this distance from the pumps. In this instance the 

ground level can be considered as 1m high. This height was chosen because according to 

CAPCOA (1997, p. 13) for refuelling emissions, the release height was chosen to be one 

meter. This is the same height as most car nozzle receptors. 

 The values for σy and σz were calculated via extrapolation.  

 

Results and Discussion 

Figures 2 and 3 show the variation benzene emission factor throughout the day. The average 

emission factor for the Shell service stations was 0.02763 g benzene/ gallon, and for Guyoil it was 

0.03501 g benzene/ gallon. 

Figure 9: Benzene Emission Factor for Shell Service Stations 
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Figure 10: Benzene Emission Factor for Guyoil Service Stations 

 

The estimated occupational exposure of pump attendants to benzene in gasoline during refuelling 

was determined to be 1.5 mg/m3 for Shell pump attendants and 0.4 mg/m3 for Guyoil pump 

attendants. In addition, results show that with a higher emission rate the exposure is lower 

(Guyoil) and with a lower emission the exposure is higher (Shell). This result indicates that the 

benzene emission factor during refuelling does not directly correspond to exposure 

concentration (i.e. a higher emission factor does not result in higher occupational exposure). 

There are other factors that would influence benzene exposure during vehicle refuelling. Based 

on the calculations, this result can be attributed to the flow rate of the gasoline during refuelling, 

which depends on the model of the dispensing pumps the service stations use.  

 

The gasoline pumps at Shell service stations dispense gasoline at a higher rate (8-10 gallons/ 

minute) than the pumps at Guyoil service stations (2 gallons/minute) due to their different 

specifications or because they use different pump models, and so the pump attendants at the Shell 

service stations were exposed to a higher concentration of benzene than the ones at Guyoil 

service stations. This results because a greater volume of gasoline could be pumped in a minute. 

Therefore, it may be assumed that if Guyoil were to change the model of their dispensing pumps 

to one with a flow rate similar to that of Shell, then Guyoil pump attendants would be exposed 

to a higher benzene concentration during vehicle refuelling. 

 

The occupational exposure determined for pump attendants in Greater Georgetown were well 

within the permissible exposure limit (8hr Time Weighted Average) set by the countries in the 

developed world e.g. the U.S. Occupational Safety and Health Administration which set a limit of 
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1ppm or 3.2mg/m3 (Figure 4). As such the pump attendants at Shell and Guyoil service stations 

were not exposed to dangerous levels of benzene based on these results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Calculated Occupational Exposure Concentration at Shell and Guyoil Service 

Stations and the US Permissible Exposure Limit 

 

However, their health may still be at risk since the literature does suggest statistically significant 

associations between working as a pump attendant for at least one year and an increased risk of 

acute myeloid leukaemia, AML, (e.g. Terry et al., 2005 and Lynge et al., 1997). It is important to 

note that even though benzene is the primary compound in gasoline or petroleum associated 

with the risk of AML, exposure to multiple compounds in gasoline can contribute to an increased 

risk of AML specifically (Terry et al., 2005). As Lan et al. (2004) indicated immune suppression 

can occur at exposure levels below 1ppm and so pump attendants may be more susceptible to 

infections than a non-exposed group of persons. Male pump attendants in particular may be 

susceptible to benzene’s damaging effects as Xing et al. (2010) indicated that men who were 

exposed to less than 1ppm air benzene had statistically significant elevated rates of sperm 

aneuploidy. This factor has implications for the viability, development and health of their children. 

  

It is important to consider safeguarding pump attendants against benzene exposure, even though 

the exposure concentration was found to be within U.S. permissible exposure limits. The reason 

for this is that these results are only a theoretical approximation. The benzene concentration 

varies in the gasoline imported in different shipments, and so pump attendants may be exposed 

to higher or lower concentrations than those determined in this research at different times 

throughout the year. 

 

The emission factor calculated for benzene may be inaccurate because the actual temperature of 

the liquid gasoline was not measured because of an equipment limitation. It is possible that a 

lower temperature was measured because of cooler air rushing into the vehicle tank when it was 
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opened. Also a technical error could have occurred because the equipment (temperature sensor) 

could not accurately measure the temperature in the vehicle fuel tank as well as that of the 

dispensed fuel. This too could have resulted in an inaccurate calculation for the emission factor. 

Lack of a spillage factor for Guyana, resulting in the use of the U.S. EPA (Laing, 1986) spillage 

factor would also cause the emission factor calculated to be inaccurate. Because the emission 

factor calculated may have been inaccurate, the occupational exposure calculated would also have 

been inaccurate to some degree as its value was dependent on the emission factor calculated (i.e. 

when determining Q). 

 

The estimated exposure may also be inaccurate because the actual wind speed in each service 

station was not measured because of the technical limitation of equipment; instead an average 

wind speed for Georgetown was used. It is likely that the wind speed around the pump islands in 

the gas stations are not this high due to vehicles in the service station blocking the wind.  The 

physical environment may also contribute to reducing the wind speed especially in commercial 

areas that have buildings with more stories. A higher wind speed would result in a lower 

occupational exposure, and so the estimated occupational exposure may be underestimated.  

 

Conclusion 

The occupational exposure to benzene was found to be 1.5mg/m3 for Shell service station pump 

attendants and 0.4mg/m3 for Guyoil service station pump attendants. This was found to be within 

the PEL of 3.2mg/m3 set by the US Occupational Safety and Health Administration. These results 

are a theoretical approximation of what pump attendants in Greater Georgetown may be 

exposed to, and is only specific for the liquid benzene concentrations in the liquid gasoline during 

time period in which the research was done. Precautionary measures should still be taken because 

the literature suggests that the health of pump attendants (working for at least one year) is at 

risk. Therefore installation of Stage II vapour recovery systems should be considered. 

 

There needs to be more research done to investigate occupational exposure to benzene. More 

accurate methods, such as those presented in the literature, should be used. Most methods use 

activated charcoal to absorb benzene from the air in the service station followed by gas 

chromatography/mass spectrometry analysis to determine the concentration of benzene to which 

pump attendants are exposed. There also needs to be accurate collection of data when 

mathematical or computer models are used. 
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Abstract 

 

The use of mercury by artisanal small-scale gold miners has resulted in high human-

health and environmental costs. As a result, mercury usefulness is on the decline 

to foster more effective and reliable environmentally-friendly alternatives.  The 

artisanal and small-scale gold mining (ASGM) sector contributes significantly as a 

source of income for thousands of people and a significant source of employment 

in Guyana. However, extensive uncontrolled mining operations are causing 

significant environmental, health and socio-cultural problem. The aim of this study 

was to examine the preparedness of ASGM operations in Mahdia, Guyana in 

transforming to mercury-free mining technologies. A mixed method approach of 

both quantitative (questionnaires) and qualitative (interviews) techniques was used 

for the collection of data. Analysis showed that the majority of the surveyed 

population was largely unprepared to adopt mercury alternatives, 49% were 

somewhat prepared and 30% were not prepared. While artisanal small-scale gold 

miners have little knowledge of the dangers of mercury, most believe mercury use 

to be dangerous. Awareness programmes may help to address reluctance to adopt 

mercury-free technologies and promote preparedness to phase out mercury in 

this sector. 

 

Keywords: Gold mining, ASGM, mercury, Mahdia 

______________________________________________________________________ 

 

Introduction 

Background  

Gold mining is vital to fragile economies in many countries of the world. Artisanal small-scale 

gold mining (ASGM) usually involves the use of substantial amounts of mercury for mineral 

extraction (particularly gold), making it the single largest intentional-release of mercury into the 

world (Vieira, 2004; UNEP, 2011). Globally, ASGM is estimated to be about 20-30 million miners 

in more than 55 countries (Spiegel and Veiga, 2009b). At least quarter of the world’s total gold 

supply comes from ASGM; that is approximately 500-800 tonnes per annum (UNEP, n.d.); 

representing about one third of global mercury consumption, an estimated 650-1,350 tonnes/year 

with an average of 1000 tonnes, of which 40% is released into the atmosphere and the remaining 

60% to aquatic systems (Telmer, 2008). This grave misuse of mercury represents about 30% of 
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anthropogenic releases of mercury in the world (Veiga et al., 2005). Although the ASGM sector 

contributes significantly as a source of income for thousands of persons, extensive uncontrolled 

mining operations are causing significant environmental, health and socio-cultural problems 

(Lowe, 2008). Guyana is one of the few countries in the world that have escaped most of the 

brunt of ecological difficulties being experienced the world over. Nevertheless, Guyana is not 

insulated from the impending environmental problems (WWF, 2008). 

 

One of the major problems facing the Guianas is the release of mercury from alluvial, colluvial or 

elluvial gold mining activities. The most popular form of ASGM method is land dredging; a 

combination of hydraulicking and suction dredging that chiefly relies on mercury. Gold extraction 

using mercury is conducted in four stages. At each stage mercury is emitted into the environment 

affecting miners and nearby communities (Vieira, 2004).  In response to global effects of mercury 

contamination of both humans and the environment, the European Union (EU) imposed a ban on 

the export of mercury in 2010 (Woolford, 2010). 

 

Guyana’s economy relies on three main pillars; rice, sugar and gold mining, which replaced the 

bauxite industry during the 1980s. Gold mining has shown rapid growth since then, with output 

rising from 17,244 ounces in 1989 to 453,500 ounces in 2002 (Lowe, 2008). In 2010 mining 

contributed 9% of GDP and income tax revenue, and accounts for 50% of foreign exchange 

earnings (GGMC, 2011). Moreover, 2011 was the record year of gold production, which yielded 

US$517.1 million, surpassing the OMAI gold mine highest output of 2004 by 2.5%, and a 49.3% 

increase over 2010. This is attributed to an expansion in the ASGM sector, which was spurred 

by favourable world gold market prices (Kaieteur News, 2012). The need to ensure the 

sustainability and viability of mining therefore becomes important to Guyana’s development.  

 

 
Table 5: ASGM (Small & Medium Scale) Gold Production (1997-2009) 

 
Source: Guyana Geology and Mines Commission (GGMC) 
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Table 2: Gold Production of 2008-2010 

Year Budget (ounces) Actual (ounces) Variance % Variance 

2008 230,000 260,000 30,387 13.2 

2009 250,000 305,178 55,178 22 

2010 300,000 308,438 8,438 2.8 

2011 320,000 ___ ___ ___ 

 

 
Table 3: Rank, value and contributions of Guyana exports, 2009 (Source: Clifford, 2011) 

 
 

 

As Guyana is a developing nation, gold mining plays an important role in that it is a major 

economic contributor to the Gross Domestic Product (GDP). Traditional methods of gold 

recovery that are still being used are expected to be phased out by 2013, which can significantly 

affect the sector. This research assesses the level of preparedness of artisanal miners2 in adopting 

new strategies of gold recovery in light of this transitional period. It highlights the extent to which 

ASGM operators in Mahdia are willing to reduce mercury use, and subsequently comply with the 

ban on the metal. The information gathered would then become useful to sector agencies such 

as the Guyana Geology and Mines Commission (GGMC) and the Guyana Gold and Diamond 

Miners Association (GGDMA), who can consider measures to remedy issues identified in this 

work. The advantage of this is that the sector agencies would then have a more proactive 

approach to issues related to mining. The importance of this research to ASGM should not be 

overlooked, as it stands to be improved through recommendations of this research, once 

implemented by the sector agencies. The research objectives were to assess the level of 

education and awareness of small-scale gold miners of environmentally appropriate gold-mining 

techniques; and to determine the extent to which the small-scale miners are disposed to adopt 

alternative gold extraction methods to the use of mercury. 

 

Literature Review 

Generally, the ASGM sector is often characterised by issues of poverty, health, and environmental 

degradation. This results in unhealthy working conditions and low incomes, which makes it risky 

to invest in technological capacity. In addition, it is plagued by informal relationships, ambiguous 

policies and regulations, and the lack of an effective legislative framework (Luz-Dinora Vera et al., 

2012). In 2004, gold production declared by the Guyana Gold Board (GGB) and its licensed 

dealers reached 116,000 ounces, which represented only two third of total production. It is 

                                                            
2 For the purpose of this research, a “miner” hereinafter refers to anyone who is directly involved in gold mining 

operations or activities (e.g. claim owners, dredge owners, and labourers). 
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believed that one third of all gold produced in Guyana is sold illegally. However, an official stated, 

there could be many reasons for low production or declaration by some miners, pointing 

specifically to methods used to recover gold. There are disadvantages of reworking lands due to 

the presence of mercury powder/flour hence, gold recovery can be low or inefficient (Gordon, 

2012; Kaieteur News, 2012). 

 

Mining and mineral processes are often carried out by persons who have little or no knowledge 

of their environmental impacts and the health hazards associated with poor and irresponsible use 

of mercury. Over the past decade, several multilateral institutions, NGOs and governments have 

pledged millions of dollars to address the issues of mercury contamination problems caused by 

gold miners (Zero Mercury Working Group, 2010; Hilson, 2005). In Colombia where mining is 

also a dominant economic activity, sustainable mining has improved over the years due to the 

presence of the Oro Verde (Green Gold) Certification Programme, which involved the use of 

artisanal mechanisms for separating metals without the use of toxic chemicals; along with other 

environmental management practices (Luz-Dinora Vera et al., 2012).  

 

The Oro Verde Programme (OVP) was developed in Choco, Colombia in 2000 and by 2003 the 

programme completed the certification of 90 family units of production (FUPs) (ibid). By 2004 

more than 1,600 miners had shown behavioural changes and became aware of the problems 

associated with mining sector. Between 2005 and 2009 the OVP reached 194 FUPs. The OVP 

was based on the quality of working conditions for the production of metals and it promotes the 

conservation and improvement of natural resources; it contributed to community development 

through, technology transfer; and the establishment of a regulatory framework. All the 

achievements of the OVP were made possible by community members working in compliance 

with the ten principles of environmental and social responsibility as well as the criteria adopted 

by the members of the Oro Verde Certification programme (Luz-Dinora Vera et al., 2012). 

 

The EU ban on mercury exports began in the year 2011; the US ban on mercury exports begins 

in the year 2013. Together these countries account for roughly one-third of global mercury 

supply; causing a notable rise in the price for mercury (UNEP, 2010). However, the literature 

lacks research on individual countries in analysing environmental education and awareness of 

mercury-free technologies by ASGM, as well as willingness and/or behavioural changes towards 

adopting the new technologies. This research will fill the gap by: determining how willing the 

miners are in the study area to adopt new technologies; and identifying recommendations that 

can help them in their transition. As such this research is undertaken to specifically determine 

the extent to which artisanal small-scale gold miners in Mahdia have developed the capability and 

are willing to adopt alternative technologies to mercury use. 
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Figure 1: Location of Mahdia, Potaro-Siparuni (Region 8) 

 

Overview of Study Area (Mahdia) 

Mahdia is located within the Potaro Mining District of Potaro-Siparuni (Region 8). It is reachable 

approximately 6 to 7 hours from Georgetown via mini-bus on laterite road; about an hour via 

small aircraft and by boat from Tumatumari to Garraway Stream, followed by a short road trip 

(GGDMA, 2011). This area was selected for the research because it is predominantly a mining 

area of artisanal small-scale gold miners and is fairly accessible. The area also provides an ample 

amount of mining operations to be sampled so as to obtain sufficient information in order for 

this study to be effective.  

 

Methodology 

A mixed method approach (quantitative and qualitative methods) was used to gather data. 

Primary data was collected via field visits (direct observations) and surveys (questionnaires). 

Secondary data was collected from textual sources such as books, journals, reports, newspapers, 

and mining reports.  

 

Interviews 

Structured and non-structured interviews were used to gather in-depth information on o the 

research topic from officers of the GGMC, GGDMA, and members of the Mahdia small-scale 

gold mining community. The interviews enabled verification of various issues as they arose.  

 

Survey (Questionnaires): Quantitative Approach 

The questionnaire presented a formalised set of questions that were designed to address the 

research objectives and questions. It was used to collect data from gold miners in the study area, 

and was administered in person so that respondents could clarify questions as needed. 

 

Field Visit 

A field visit was carried out in April 2012 to conduct field samples (questionnaires), interviews, 

and to acquire first-hand experience of the various gold mining procedures used by artisanal and 

small-scale gold miners; as well as the environmental issues associated with these processes.  
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Sampling Technique 

The type of sample used for this research was the simple random sampling approach; which 

enabled each individual or mining operation in the tangent population of Mahdia to have a 

probability of being sampled. An officer of the Land Management/Cartography Department at 

GGMC indicated that there were 175 legal gold mining operations (land dredges) in Mahdia.  

 

The formula for the representative sample is as follows: 
Confidence level 95%; Confidence interval 5% 

The sample size is determined by: 

SE = standard error (confidence interval) = 5% 

N = (population; total number of registered dredges) = 175     

 
Therefore, 

 

 

 

 

 

Only eighty (80) questionnaires were administered, for reasons listed in the study limitations. 

 

Ethical Considerations 

The researcher informed the relevant authorities/interviewees from GGMC and GGDMA 

beforehand of research activities in order to solicit their participation. Before the field visit, the 

researcher requested permission from the GGMC Office in Mahdia, through the GGDMA office, 

Georgetown. This was done in order for the researcher to have accommodation, transportation 

and assistance within the Mahdia community and infield data collection. In addition, miners were 

assured that all information provided was treated with the highest level of confidence in order to 

protect their identity.  

 

Data Analysis 

The data collected was analysed using multiple approaches. Data from the questionnaires are 

represented in the form of tables, bar-graphs, pie charts using Microsoft Excel and inferential 

analysis was conducted using the SPSS software. Interviews conducted with key stakeholders 

were analysed and inferences drawn from the data obtained from questionnaires and other survey 

instruments. 

 

Limitations 

 The spatial distribution of mining operations in the area influenced the number of samples. 

 The research was bounded; as such limits were placed on the extent of the time/duration 

period of the surveys in order to complete the survey in time. 

 Information from the water dredge miners was inaccessible; they mostly comprised 

Brazilian miners, which presented a communication issue and limited administration of the 

questionnaire.  
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Analysis and Discussion 

Socio-economic Details 

All of the information gathered were from land dredge operations; with labourers being the 

highest (39.8%), followed by dredge owners (22.6%), and dredge managers (17.2%). It should be 

noted that some of the dredge owners were claim owners and managers. Of the total 

respondents, 81.2% depended directly on their mining operations for income; while 18.8% 

worked other jobs such as logging (3.8%), farming (3.8%), and other activities such as carpentry 

and transportation services (11.2%).  

 

Most miners had attained primary education (56.2%), while 27.5 % attained secondary education. 

A combined total (81.3%) of miners lived outside of Mahdia in areas such as Georgetown and 

Berbice; whereas, 11.2 % of respondents lived at Mahdia. 

 

 

Objective One: Assessment of education and awareness of small-scale gold miners of environmentally 

appropriate gold-mining techniques 

Most respondents had little or no knowledge of the proposed ban on mercury, while 46% were 

somewhat aware of the ban on the mercury. Respondents stated that they had heard about the 

mercury ban from friends, while 20% were not aware of the ban at all. All of the respondents 

used mercury in their operations, with the majority (37.5%) using 3-4 ounces per amalgamation 

while 30% used more than nine ounces but less than two pounds per amalgamation (also known 

as ‘washdown’). 

 

Figure 2: Miners’ awareness of imposed mercury ban 

In assessing the knowledge bases of mercury and its proposed alternatives, it was found that even 

though 92.5% believed mercury to be dangerous, 31.2% did not know that the improper use and 

storage of mercury could be dangerous to their health and the environment. Moreover, 21.2% 

knew about mercury poisoning but more than half of respondents did not know the symptoms 

associated with mercury poisoning, as the majority listed malaria and dengue symptoms instead. 

Somewhat 
aware
46%

Aware
28%

Not Aware
20%

Fully aware
6%
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The GGMC has developed several tools and initiatives, formulated in compliance with the 

Guyana’s Low Carbon Development Strategy (LCDS), to enhance the levels of performance and 

compliance in the mining sector toward its 2015 goal of reduction in emissions from deforestation 

and forest degradation. One such initiative is the “applied research and field demonstration for 

improved gold recovery without mercury use” (GGMC, 2010). A senior official from GGMC 

explained that in each mining district, Mines Officers are responsible for informing the artisanal 

small-scale gold miners of the alternatives and providing demonstration sessions where necessary. 

However, findings from this study showed that 93.8% of respondents were unaware of mercury-

free alternative technologies, and 90% had not received information from the relevant authorities. 

In addition, no respondent had received training on the use of mercury-free technologies. This 

may be due, in part, to lack of information dissemination among authorities and respondents; and 

among the dredge owners/managers and their workers. 

 

 
Figure 3: Knowledge and Training of Alternatives to Mercury 

Further, an official from the GGDMA elaborated that the average miner did not know about 

mercury-free technologies and the mercury abatement/ban. He indicated that it is a difficult task 

in getting small miners to adopt new procedures, especially when considering cost factors. During 

the demonstration session held in Georgetown (2011), a GGMC official said there were miners 

who showed some interest in the new technologies, but most were concerned about the price, 

which they said was too expensive. In addition, the GGDMA official believed that greater 

attention should be focused on mercury alternatives rather than the technologies, which are very 

costly and still require the use of mercury at the final stage to produce gold sponge or bullion. 

 

Respondents were also asked why they were not trained or informed about the alternatives. 

Responses included: “We are trying to make a living, and we ain’t got the time and money to 

travel to Georgetown for the mining meeting.”  Mining workshops and other awareness 

programmes facilitated by the GGMC and other agencies are usually held in the capital city, one 
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to three times per year. The respondents further stated that only the “boss man” (i.e. the dredge 

owner or camp manager) attends these programmes, who returns to the work site to collect 

their gold. They reportedly do not inform workers of education and awareness programmes that 

may have been conducted. As a result, respondents remain unaware of mercury-free technologies 

and the importance of such technologies.  

 

During an interview with the Mines Officer in Mahdia, he concurred with the finding that miners 

in the area were never trained and said no training or demonstration was done in the district. 

He added that a shaking table was set up on a miner’s claim for him to experiment for himself 

and to eventually show other miners of its efficiency and the know-how. This was done mainly 

because the Commission did not want to employ persons to work (demonstrate) on or encroach 

upon miners’ claims, hence inconveniencing miners’ work activities. He added that the majority 

of miners also prefer to ‘see things in action’; i.e., they have to work with the 

technology/equipment and develop the expertise and have first-hand experience with the 

technology. In this way, miners would be more motivated to adopt alternatives.      

 

Objective Two: Determining extent to which small-scale miners were willing to adopt mercury alternative 

gold extraction methods. 

Respondents were found to be largely unprepared to adopt mercury alternatives, as 49% were 

somewhat prepared and 30% were not prepared. When asked what factors would motivate them 

to switch or to implement mercury-free methods in the operations, various responses were given 

such as: assurance that mercury-free methods have a higher recovery rate than that of mercury 

use; the fact that mercury is dangerous to health; education and training available on how to use 

the mercury-free technologies, and whether the alternatives are affordable and accessible.  

Nevertheless, 65% of respondents saw the need to implement mercury-free alternatives given 

that mercury is dangerous. Among the respondents who saw the need to implement alternatives, 

persons indicated they were fully prepared (4%), prepared (17%), or somewhat prepared (49%); 

while 21.2% felt unprepared. 
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Table 4: The need for Hg alternatives * Gold miner preparedness to adopt mercury free technologies 

(Cross tabulation) 

 

   Preparedness to adopt mercury free technologies 

Total 
   Fully 

Prepared Prepared 

Somewhat 

prepared 

Not 

prepared 

Do you see the 

need for Hg 

alternatives? 

Yes Count 3 11 27 11 52 

% within Do you see the 

need for Hg alternatives 
5.8% 21.2% 51.9% 21.2% 100.0% 

% within Preparedness to 

adopt mercury free 

technologies 

100.0% 78.6% 69.2% 45.8% 65.0% 

No Count 0 3 12 13 28 

% within Do you see the 

need for Hg alternatives 
.0% 10.7% 42.9% 46.4% 100.0% 

% within Preparedness to 

adopt mercury free 

technologies 

.0% 21.4% 30.8% 54.2% 35.0% 

Total Count 3 14 39 24 80 

% within Do you see the 

need for Hg alternatives 
3.8% 17.5% 48.8% 30.0% 100.0% 

% within Preparedness to 

adopt mercury free 

technologies 

100.0% 100.0% 100.0% 100.0% 100.0% 

 

 

The Mining (Amendment) Regulations 2005 specified the use of safety equipment such as a retort, 

gloves, and respirator. Yet 72.2% of respondents did not use protective gear, mainly because they 

are not accessible (39%), not accustomed to wearing it (39%), or find them uncomfortable (18%). 

On the other hand, respondents indicated they would be more willing to use such equipment 

should the technologies have greater recovery rates than that of mercury.  

 

 
 

Figure 4: Factors influencing miners’ use of mercury-free technologies 

High recovery rate of alternatives

Dangers of mercury

Education and Training

Affordable and accessible alternatives

Will never switch
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Conclusion 

Environmentally-appropriate gold mining techniques are extremely important to sustain Guyana’s 

economy. From this study, 93.8% of respondents at Mahdia were unaware of mercury-free 

technologies, and none of them had been trained to use these technologies. This was mainly 

because most, if not all, of training and awareness programmes on mercury-free technologies 

were being held in Georgetown rather than in mining areas. Many were also unaware of the 

impact of mercury on their health and the environment. Respondents were also found to be 

largely unprepared to adopt mercury alternatives, as 49% indicated they were somewhat 

prepared and 30% were not prepared at all. While respondents knew that mercury is dangerous, 

they didn’t understand the extent of the danger or the consequences of mercury contamination. 

It was found that not knowing this may have contributed to miners’ reluctance to adopt mercury-

free technologies.  

 

The elimination of mercury from the EU and US markets and the subsequent high price of the 

metal will likely hasten the adoption of mercury-free alternatives in ASGM processes (Balistreri 

& Worley, 2009). However, artisanal and small-scale gold miners need to appreciate that 

mercury-free technologies can generate more profit and improve gold recovery, while protecting 

their health and the terrestrial and aquatic environment. This can provide positive outcomes for 

both economic development and environmental protection. Several recommendations emerge 

from this study: 

1. Plausible and cheaper alternatives to mercury use need to be available before the 

implementation of the mercury ban in Guyana.  

2. Greater education and awareness campaigns are needed about the ban on mercury and 

the dangers of the poisonous substance. 

3. Authorities should also provide awareness programmes for community members on safer 

mining practices, since their livelihoods can be affected by current practices.   

4. One solution is for the GGMC to establish a facility to process gold miners’ concentrate. 

However the process must be transparent to secure the confidence of artisanal small-

scale gold miners. 

5. More advocacy and demonstrations are needed by the GGDMA to promote alternative 

technologies.   

6. Government and relevant authorities should work towards promoting alternatives to 

mercury such as borax.3 As mercury-free technologies are expensive, it is difficult for 

ASGM to adopt; and even if they do adopt them, some amount of mercury will still be 

used at the final stage in their mining operation. Borax on the other hand, is more efficient, 

affordable and will eliminate the poisonous substance mercury completely.  

7. The regulatory agency and sector agencies should assist in capacity development and 

technology transfer to facilitate introduction of mercury-free mining methods. 

8. The Environmental Protection Agency, Guyana Gold Board, and Guyana Forestry 

Commission should play a more integral role in monitoring and enforcement within the 

mining sector and ease the overwhelming responsibilities placed on the GGMC. This will 

foster a more comprehensive regulatory body and improve monitoring and enforcement.    

                                                            
3Borax is natural mineral, a common household and commercial chemical with a chemical formula Na2B4O7 • 10H2O. Borax is 

also known as sodium borate, sodium tetraborate or disodium tetraborate. 
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9. A feasibility study should be done in order to assess the consequent implementation of 

the mercury ban on the local mining industry. 
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Transitioning to a Green Economy: What Does it Mean? 

Challenges and Opportunities for Guyana 
 

By Mark Bynoe, PhD 
____________________________________________________________________ 

 

 

Two decades after the United Nations Conference on Environment and Development (UNCED)4 

that saw the genesis of the three multilateral environmental agreements in the United Nations 

Framework Convention on Climate Change (UNFCCC), United Nations Convention to Combat 

Desertification (UNCCD) and United Nations Convention on Biodiversity (UNCBD), the 

concept of the Green Economy is once again entering the lexicon of policymakers, technocrats, 

and academics as the world seeks to combat arguably the most serious existential threat to 

humankind, i.e., tackling climate change, reducing greenhouse gas (GHG) emissions, reducing 

foreign exchange leakage, and enhancing energy security. 

 

But what is a Green Economy and what is its relevance for Guyana? According to the World 

Resources Institute (2011), a Green Economy can be viewed as an alternative vision for economic 

growth and development. It emphasises the generation of growth and is predicated on the 

improvement in people’s lives in ways consistent with sustainable development. Additionally, it 

promotes the pursuance of a triple dividend: advancing and sustaining economic, environmental, 

and social well-being (Lefevre, 2014), and reinforces the broader sustainable development 

principles, i.e., allowing current generations to meet their needs without compromising the ability 

of future generations to meet their own needs. 

 

Unfortunately, the development imperatives for small, open economies like Guyana are still 

largely based on economic indicators, such as the expansion in gross domestic product (GDP), 

foreign currency reserves held, and improvements in the purchasing power parity (PPP). While 

these are necessary ingredients for advancing a country’s well-being, they are insufficient for the 

sustained growth that will help in promoting inter- and intra-generational equity. Furthermore, 

these economic indicators often come at high, significant and irreversible social, environmental 

and economic costs, such as extreme poverty levels that are still reportedly above 30% in Guyana 

(World Bank, 2010) and increasing social inequities. There is clearly, therefore, the need for a 

new economic paradigm for small island developing states and low-lying coastal states (SIDS)5 like 

Guyana, with substantial natural resources, limited human capital, and high fossil fuel costs 

estimated at 0.31 US$/kwh (Williams, 2013). This is where the concept of a Green Economy 

                                                            
4 Popularly known as the Earth Summit. 
5 Small Island Developing States (SIDS) are a distinct group of developing countries facing specific social, economic and 

environmental vulnerabilities and includes low-lying coastal countries like Guyana. SIDS were recognized as a special case both 

for their environment and development at the United Nations Conference on Environment and Development (UNCED), also 

known as the Earth Summit, held in Rio de Janeiro, Brazil (3–14 June 1992). This recognition was made specifically in the context 

of Agenda 21 (Chapter 17 G) (UN-OHRLLS, 2011). 
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becomes attractive and one which the political administration in Guyana seems to be focused6 

after years of an almost 100% fossil fuel driven economy. 

But while transitioning to a Green Economy can benefit Guyana through increasing the country’s 

sustainable development, reducing poverty, enhancing job creation, expanding environmental 

conservation and reducing harmful gas emissions, there are still some concerns for Guyana 

regarding the benefits and risks of doing so. Much of the interest in greening Guyana’s economy, 

as elsewhere, revolves around its implications for the energy sector.  Guyana would, for example, 

want to reduce its dependence on fossil fuels through the development of, and unleashing the 

potential associated with, a plethora of indigenous alternative energy sources that are more 

sustainable with significant emphasis on renewable energy and energy efficiency within broader 

strategies to green key sectors and communities.7  For example, policymakers in Guyana are 

looking for concrete advice and direction with respect to renewable energy for electricity 

generation.  But they need economic data on the costs and benefits of switching to renewable 

energy, including information on the potential for significant foreign exchange savings, revenue 

impacts, employment generation, and environmental impacts. It is clear that such major shifts 

demand that proper impact studies be conducted, methodologies be widely advertised, and 

results be distributed nationally. It cannot, and must not, seem to be a knee-jerk reaction or the 

flavour of the month decision. 

 

 
Figure 1: Using Solar Panels to derive energy in Capoey, Pomeroon-Supenaam (Region 2) 

 

At the same time, the persistence of poverty and environmental degradation associated largely 

with, but not exclusively, mining and inadequate coastal zone management, can be traced to a 

                                                            
6 In his address to Parliament before the 2015 Budget, His Excellency David Granger indicated that “we shall exploit 

Guyana’s favourable geographical location and abundant assets in order to develop a ‘green economy’ (that is) one that 

generates human happiness in ways that are consistent with economic exploitation of its natural resources. We see a ‘green 

economy’ as one that sustains economic prosperity, environmental security and social well-being.” 
7 The recent move to increase the taxes on reconditioned vehicles over 5 years old and reduce same on vehicles 

below 5 years old is one such policy measure in this direction (Budget, 2016) 
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series of market and institutional failures that make the economic model pursued for the past 50 

years far less effective than it otherwise would be in advancing sustainable development goals.  

 

These market and institutional failures are well known to economists, but in the opinion of this 

author, little progress has been made to address them. For example, there are insufficient 

mechanisms to ensure that polluters pay the full cost for their polluting actions. One only has to 

look to the current gold mining industry to appreciate the chaotic state and scant regard to 

environmental and social safeguards to appreciate this statement (Trotman, 2016). There are 

“missing markets” – meaning that markets do not systematically account for the inherent value 

of services provided by nature, like water filtration or coastal protection. A “market economy” 

alone, therefore, cannot provide public goods, like efficient electricity grids, sanitation, or public 

transportation. And economic policy is often shaped by those who wield power, with strong 

vested interests, and rarely capture the voices and perspectives of those most at risk. 

 

 
Figure 2: Pursuing Mangrove Reforestation to Protect Guyana’s Shoreline 

Some practitioners within Guyana worry that shifting to a green economy will hamper economic 

development and, thus its capability to reduce poverty. Many people also question if the transition 

is even affordable, as many of its solutions are seen as being costly. Others argue that the country 

lacks the know-how regarding green technology and that this will be a disadvantage when it comes 

to guaranteeing future markets. 

 

Another concern is that changing the market focus of the country’s main industries will also lead 

to job losses in industries seen as being unsustainable or not environmentally friendly such as gold 

and bauxite mining. These companies and their employees will suffer the full impact of a green 

economy transition, and supporting them will be essential in building a comprehensive and 

successful green economy. 

 

According to Khor, one of the main concerns expressed by developing countries like Guyana is 

of the green economy concept jeopardising them due to its inappropriate use: “there are risks that 

the promotion of the “green economy” concept may give rise to unhelpful or negative developments, and 

these must be avoided” (Khor, 2011). 

 

http://www.unep.org/greeneconomy/Portals/88/documents/research_products/UN-DESA,%20UNCTAD%20Transition%20GE.pdf
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Khor concludes that inappropriate use of the concept can happen in two main ways: 

 

 The first is if it is deployed in a so-called “one-dimensional” way; i.e. sold as an 

environmentally friendly concept but removed from the overall concept of sustainable 

development, separated from its equity and development aspects and ignorant of its 

potential negative impact on emerging economies. This misinterpretation – or misuse – 

of the green economy concept, could happen by emerging countries using a transition as 

a pre-condition to receive loans, or the possibility of debt renegotiation. Subsequently 

this could influence others to adopt a focus on achieving a green economy purely through 

environmental measures without considering sustainable development and social equity. 

 

 The second is if it is applied to countries in a so-called “one size fits all” way. Such an 

implementation would be disastrous and inevitably result in no developmental or 

environmental gains. Khor goes on to state that for a green economy to succeed, it must 

be tailored to each country’s level of development and should particularly take developing 

countries’ conditions and prime concerns into consideration. In addition, developing 

countries should also be given more assistance in areas such as finance and technology, 

and have less stringent regulation imposed upon them. 

 

Despite these concerns, the Green Economy concept remains attractive for a country like 

Guyana, with vast renewable energy resources potential (inclusive of solar, wind, wave, biodiesel 

and hydropower). The attractiveness of this proposition is that it: (i) offers Guyana an opportunity 

for energy security, (ii) reduces the cost of doing business in Guyana, thus encouraging more 

foreign investment in a country ranked 114 out of 182 in the Doing Business Survey of 2011 

(World Bank, 2012) and making exports more competitive8 on the world market, (iii) allowing 

for more foreign exchange to be earned, (iv) reduces foreign exchange leakage, where it was 

estimated that the cost for importing fossil fuel in 2008 was 43% of Guyana’s GDP (GEA, 2012), 

(v) has more downstream processing of its raw materials, thus creating more employment, and 

(vi) improves the country’s fiscal position. It should be obvious to all that the funds “lost” through 

importation of fossil or due to substantial line losses can be directed towards pursuing Guyana’s 

push to achieve and surpass the Sustainable Development Goals (SDGs), as well as improve the 

social and physical infrastructure, all aimed at enhancing the country’s sustainable development 

thrust. 

 

Critical for transforming Guyana’s economy towards a more sustainable low-carbon pathway 

therefore, even though the country emits less than 0.001% of the global greenhouse gas (GHG), 

would be to ensure that its income and employment expansions are driven by both public and 

private investments through an enhancement in the business environment (World Bank, 2012), 

reform the policy environment, and incentivise areas for fuel efficiency and investment in 

renewable energy resources. 

                                                            
8 This is particularly important for a country which ranks 109 out of 142 countries in the 2011 – 2012 Global 

Competitiveness Index. 
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Figure 3: Using Guyana’s Forests to promote actions that will derive social, economic, and 

environmental benefits through the prudent management of standing forests 

 

While not seeking to be prescriptive, some of the important questions to be asked in the context 

of Guyana are: 

 

 How to broaden and execute its bold low-carbon development strategy (LCDS) that must 

include, potentially, making ‘every building a power station’ by maximising their energy 

efficiency and potential to generate renewable electricity. With the major energy provider 

estimating non-revenue losses in excess of 40%, this amounts to US$48.40 (priced at 

US$121 of Brent Crude in April 2012) on every barrel of fuel! With energy being one of 

the three main inputs into the manufacturing process, this reduces the attractiveness of 

Guyana as a place to do business, increases the country’s emissions level, and reduces the 

price competitiveness of its exported products. 

 

 How to create, train, and retain a ‘carbon army’ of workers to provide the human 

resources for an environmental reconstruction programme, when the country still suffers 

from high levels of emigration estimated at above 70% of University graduates (World 

Bank, 2010). 

 

 How to create the right policy environment and economic incentives to drive efficiency 

and bring alternative fuels to market. This can make available more funding for the Green 

Economy development pathway and safety nets to those vulnerable to higher fuel prices 

via raising carbon taxes and revenue from carbon trading. 
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 How to regulate the domestic financial system to ensure that the creation of money at 

low rates of interest is consistent with democratic aims, financial stability, social justice 

and environmental sustainability. In parallel, the challenges remain on how to prevent 

inflation, and tighten controls on lending and on the generation of credit. 

 

The challenges and opportunities for Guyana in pursuit of a green economy objective are many. 

Clearly, there are roles for both the public and private sectors, with a major tenet being enhanced 

energy and resource efficiency, while simultaneously preventing the loss of biodiversity and 

ecosystem services. These investments need to be catalysed and supported by targeted public 

expenditure, policy reforms, and regulation changes. This development path should maintain, 

enhance and, where necessary, rebuild natural capital as a critical economic asset and source of 

public benefit, especially for poor people whose livelihoods and security depend strongly on 

nature. 
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SEES Research Series  

Essay 1I 

 

The Green Economy and Ecosystem Services 
By Denise de Souza 
____________________________________________________________________ 

 

Our economic, physical, mental and cultural health depend on the health of ecosystems and the 

“services” provided by the ecosystem. An ecosystem can be seen as “a complex of living 

organisms and the abiotic environment with which they interact in a specified location” (United 

Nations Convention on Biological Diversity, 1992).   Although the concept of Ecosystem Services 

(ES), also known as Environmental Services, has existed in scientific literature since the 1970s, it 

has only recently begun to receive attention in decision-making at the national level and on a 

global scale.  The Millennium Ecosystem Assessment (MEA) is a study that was sponsored by the 

UN in 2003, in order to evaluate the state of the world’s ecosystems.  This MEA is key to bringing 

attention to and promoting the application of the concept in planning and decision-making.  It 

identified and assessed 24 specific ecosystem services, in the context of what it described as the 

“benefits people obtain from ecosystems.”  The MEA classifies ES into four types: provisioning; 

regulating; cultural; and supporting services.  Figure 1 presents an overview of these types of 

services and lists some of the ways in which they contribute to human well-being. 

 

 

 Figure 1: Linkages between Ecosystem Services and Human Well-being. 

 Source: Millennium Ecosystem Assessment. Ecosystems and Human Well-being. A synthesis, p.vi 
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The information above makes it clear that even business operations and thus ultimately human 

welfare rely on ecosystem services such as freshwater or other natural resources. Given that our 

economies depend on this natural capital, the degeneration or loss of ecosystems and their 

services pose a significant risk to companies and whole industry sectors. Nevertheless, ecosystem 

services are not fully captured in commercial markets or comparable economic values and are 

thus rarely, or only marginally, considered in policy and corporate decisions.  The absence of 

economic value and visibility of ecosystem services has led to “The Economics of Ecosystem and 

Biodiversity” (TEEB) Report, which is part of the Green Economy Initiative of the UN 

Environment Programme (UNEP). The TEEB report analyses and highlights the economic value 

of ecosystem services and associated emerging green markets, such as the ecosystem services of 

coral reefs or the market for certified sustainably managed forest products. Responding to the 

same challenge corporate associations as the World Business Council for Sustainable 

Development and individual companies have started to develop business strategies and corporate 

environmental policies.   

 

The findings of the MEA suggested that human activities were impacting negatively on the quality 

and availability of the ecosystem services – in large part because these services were seen to be 

public goods and hence made available to all at no cost. This is deemed to be a market failure. In 

the search for a method to ration and control their rate of consumption, the idea of attaching a 

price, reflective of the value contributed by the ecosystem service, has gained significant support.  

This is backed by the Ayres principle of Industrial Metabolism, which suggests that Prices play a role 

in signalling shortages far enough in advance to precipitate innovation.  And this is sufficient to 

prevent misuse or over exploitation of ES. The introduction of payments for ecosystem services 

(PES) aims to correct the market failure by internalising the value of the benefits received from 

nature.  In this way the missing incentives for the provision or conservation of ES would be 

created. PES has the potential to become very valuable transfer mechanisms to internalise positive 

environmental externalities, and to generate new revenues for sustainable development.  In short, 

it is about putting a “price” on natural assets – recognising the environmental, economic, and 

social values of ecosystem services (for example from forests, or biodiversity) – as one way to 

promote conservation and more responsible decision making. Several economic instruments can 

be used to meet these purposes; for example, taxes, user fees, subsidies, direct contributions, 

grants, loans, and donations. 

 

The Green Economy 

There is no unique definition of the green economy, but the term itself underscores the economic 

dimensions of sustainability or, in terms of the recent UNEP report on the Green Economy, it 

responds to the “growing recognition that achieving sustainability rests almost entirely on getting 

the economy right”.  It also emphasises the crucial point that economic growth and environmental 

stewardship can be complementary strategies, challenging the still common view that there are 
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significant tradeoffs between these two objectives – in other words, that the synergies prevail 

over the tradeoffs.   

 

Intrinsic to the Green Economy concept is its holistic character, because it encompasses the three 

pillars of development – economic, social, and environmental factors – and its particular focus on 

inter-generational equity or sustainability. This is reflected in UNEP’s definition of a green 

economy as “one that results in improved human wellbeing and social equity, while significantly 

reducing environmental risks and ecological scarcities”. 

 

The Green Economy Initiative was launched by UNEP in 2008, at the height of the global financial 

and economic crises. It has served to inform governments of two unique opportunities. First, that 

a significant slice of the multi-trillion dollar stimulus packages could, if targeted at environmental 

investments, be deployed to revive the global economy, save and create employment, and assist 

in addressing emerging environmental challenges. This point was particularly relevant to the 

developed countries and was not lost on the USA Obama Administration that has been using 

Green Technology to drive its own recovery. Second, that such investments coupled with 

domestic policy reforms in some key areas and the development of international policy and 

market infrastructure, could set the stage for a transition to a truly “Green Economy”:  one which 

achieves increasing wealth, provides decent employment, successfully tackles inequities and 

persistent poverty, and reduces ecological scarcities and climate risks. Guyana is working to cash 

in on these opportunities as well through its agreement with Norway, and by accessing REDD+ 

funds using the LCDS as a vehicle. 

 

While the methods of estimating the value of ES are still evolving, there is a significant level of 

acceptance of the method for valuing carbon sequestration. Carbon emissions (and other 

greenhouse gases) are associated with climate change; and the McKinsey Consultancy Report 

(2008), which is central to the LCDS propositions, argues that avoided deforestation in Guyana 

represents avoided emissions of greenhouse gases for the world in the order of 1.5 gigatons of 

CO2e by 2020. The challenge therefore is to access the level of compensation for this global 

environmental service – possibly under a Global Environmental Fund modality in exchange for 

aligning Guyana’s economic growth along a low carbon trajectory (outlined in the LCDS), and in 

so doing, mitigate the principal drivers of deforestation that lie outside the forest sector. 

According to UNEP, a “…  Green Economy is characterised by substantially increased 

investments in economic sectors that build on and enhance the earth’s natural capital or reduce 

ecological scarcities and environmental risks.” These sectors can typically include renewable 

energy, low-carbon transport, energy efficient buildings, clean technologies, improved waste 

management, improved freshwater provision, sustainable agriculture and forest management, and 

sustainable fisheries. These investments are usually supported by national policy reforms and the 

development of international policy and market infrastructure; for instance, Guyana’s LCDS and 

the carbon market, which has provided Guyana with funding from Norway for the LCDS.  
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SEES Research Series  

Essay 1II 

 

The Green Economy and Energy 
By Denise Simmons 
____________________________________________________________________ 

In primary school we learn “energy is the ability to do work” (Ministry of Education Curriculum 

Guide Science Grade 1, 2003, p. 27) and that there are different forms of energy, including light, 

heat, and sound. Everything that happens in the world involves energy.  For instance, our bodies 

use energy from the food that we eat to regulate our temperature, breathe, move, see, talk, 

smell, and think. Energy in forms other than food is also essential for the growth and development 

of a country; energy is used to manufacture products, generate electricity, heat water, power 

vehicles and other forms of transport, and heat or cool homes. Additionally, energy enables food 

production and access to potable water. To obtain this energy, vast amounts of energy resources 

are extracted and burnt.  In fact, worldwide consumption of energy has risen since the Industrial 

Revolution (Figure 1).The BPStatistical Review of World Energy (2011) indicates that the world’s 

primary energy consumption grew by 5.6% in 2010, the largest increase since 1973.This has been 

attributed to two factors: the rebound in industrial activity following the economic downturn; 

and the rapid economic growth in the developing world. 

 
Figure 1: World Consumption of Primary Energy  

(Source: BP Statistical Review of World Energy June 2011, 2011) 

 

Consumption varies by region (Figure 2); in 2010 the Asia Pacific region was the highest global 

energy consumer, accounting for 38.1% of the world consumption, followed by Europe and 

Eurasia (24.8%), and North America (23.1%). China surpassed the United States as the world’s 

largest energy consumer in 2010.   
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Figure 2: Regional Consumption of Primary Energy 

(Source: BP Statistical Review of World Energy June 2011, 2011) 

 

Examining the energy supply by energy resource reveals that oil accounted for 33.6% of the total 

supply, followed by coal (29.6%), natural gas (23.8%), renewables9 (7.8%), and nuclear (5.2%) in 

2010 (Figure 3).  Oil is the most dominant fuel consumed (although it lost share for 11 consecutive 

years), with the share of coal in the total energy consumption continuing to rise and the share of 

natural gas being the highest on record (BP Statistical Review of World Energy June 2011, 2011).Thus, 

the availability of energy in the current global framework relies extensively on the availability of 

oil, coal, and natural gas - these three resources constitute 87% of the world energy consumption.  

                                                            
9 Renewables include hydroelectricity, wind, geothermal, solar, biomass and waste. 
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Figure 3: World Consumption of Primary Energy by Type in 2010 

(Source: BP Statistical Review of World Energy June 2011, 2011) 

 

So should we be concerned that the world’s energy relies so heavily on oil, coal and natural gas? 

Yes we should; there are too many issues that should cause concern. 

 

Oil, coal and natural gas are available in finite reserves. They were formed hundreds of millions 

of years ago as plant and animal matter decomposed and were converted under conditions of 

high temperature and pressure under the earth’s surface into the hydrocarbon compounds that 

are called fossil fuels. While it is argued that these fuels are still being formed, the rate is negligible 

compared to the rate at which the world is consuming them. At the 2010 rate of production, 

118 years of coal, 58.6 years of natural gas, and 46.2 years of oil are left globally (BP Statistical 

Review of World Energy June 2011, 2011). Additionally, the fact that these reserves are 

disproportionately distributed throughout the globe (for example, the Middle East has over 50% 

of the world’s oil reserve) leads to issues of energy security. 

 

Beyond the issue of availability of the resource is the untended environmental consequence of 

the use of these fossil fuels. Upon combustion of oil, coal, and natural gas to obtain energy, carbon 

dioxide and other greenhouse gases (GHGs) are emitted into the atmosphere causing a warming 

of the planet, altering of our climate system, and jeopardising the well-being of humans and 

ecosystems. The BP Statistical Review of World Energy (2011) reveals that the global emissions of 

carbon dioxide from fossil fuels have been increasing and grew strongly in 2010 – by 5.8% (Figure 

4).  
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Figure 4: Carbon Dioxide Emissions (Source: BP Statistical Review of World Energy June 2011, 2011) 

 

According to Sharma (2010), Guyana’s consumption of oil is only 0.012% of world oil 

consumption. Notwithstanding this, Guyana relies heavily on the importation of oil products, 

which account for about 70% of primary energy supply. In 2008, oil imports represented about 

44% of Guyana’s official Gross Domestic Product (Sharma, 2010). In fact, while the total volume 

of oil products imported has increased by 34% over the period 1994 to 2010, the acquisition cost 

of these imports has risen by over 400% (Figure 5), which places a significant economic burden 

on the country. Noteworthy is that Guyana’s emissions of carbon dioxide are low. In reality, 

given the natural endowment of vast forest resource, Guyana is considered a net sink country in 

which the forest is responsible for the removal of carbon dioxide from the atmosphere 

(Government of Guyana, 2002).  
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Figure 5: Total Volume and Cost of Importation of Oil Products into Guyana, 1994 to 2010  

(Source: Guyana Energy Agency, n.d.) 

 

Green Economy 

Can we find solutions to these problems of resource depletion and environmental pollution?  

With a rapidly increasing world population and growing economic development across the world, 

these problems are gaining more prominence.  Achieving solutions would not be easy, but they 

are imperative to improving energy security and averting further harm to the environment, while 

simultaneously ensuring development.  It can be argued that “green economy” is a solution.  

The United Nations Environment Programme (UNEP) describes a green economy as “one whose 

growth in income and employment is driven by public and private investments that reduce carbon 

emissions and pollution, enhance energy and resource efficiency, and prevent the loss of 

biodiversity and ecosystem services” (United Nations Environmental Programme, n.d. para. 2).  

Put simply, a green economy is one that has three pillars - it is low carbon, resource efficient, and 

socially inclusive. In this context, a green economy must be founded on a sustainable energy 

policy.   

 

According to Prindle et al. (2007, p. 1):  

“Energy efficiency and renewable energy are the two pillars of sustainable energy policy. 

Both resources must be developed aggressively if we are to stabilize and reduce carbon 

emissions in our lifetimes. Efficiency is essential to slowing the growth of energy demand 
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to a low enough rate that clean energy supply growth can make deep cuts in fossil fuel 

use. If energy demand grows too fast, renewable energy development will chase a 

receding target. Likewise, unless clean energy supplies come online in large measures, 

slowing demand growth will not reduce total emissions to needed levels.” 

 

Energy efficiency could result in large and highly cost-effective energy savings and emissions 

reduction.  Renewable energy sources – including wind, wave, biomass, solar, geothermal and 

hydropower – generate electricity without producing GHGs or producing lower levels when 

compared with fossil fuels and provide the opportunity for a sustainable supply of energy 

(although it must be recognised that all renewable energy sources have both negative and positive 

environmental and social consequences).  

 

Guyana, through its Low Carbon Development Strategy (LCDS) launched in 2009, proposes to 

maintain the majority of its forest, while investing the revenue from its ‘forest climate services’ 

into clean energy, social development, and low carbon sectors. For instance, regarding clean 

energy, the LCDS proposes to use a renewable energy source for electricity supply through the 

development of a hydropower project; provide solar panel arrays for local electricity generation 

for indigenous people who reside in the forested regions; use solar and wind power for water 

distribution in the hinterland; and enable the country to become a producer of bio-ethanol 

(Government of Guyana, 2010). 

 

A green economy provides the opportunity to reduce global energy consumption of fossil fuels, 

improve energy security, and reduce emissions of carbon dioxide; while pursuing national 

development. It is worthy of note that a green economy would also require individual actions, 

since individual actions can also have a positive impact on reducing global energy consumption; 

for example: 

 Replacing incandescent light bulbs with compact fluorescent lamps (CFLs) - CFLs last longer 

and use much less energy; 

 Walking, biking, or car-pooling whenever possible; 

 Turning off lights and electronic equipment when not in use; also removingthe plugs from 

sockets since even in "standby" mode, electronics still consume energy; 

 Buying high energy efficient cars and appliances; and 

 Investing in renewable technologies, such as solar panels. 
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SEES Research Series 

Essay 1V 

 

The Green Economy and Health 
By Shanomae Rose 
____________________________________________________________________ 

 

Twenty five years ago, the discussion on development highlighted the necessity to meet the needs 

of the present without compromising the ability of future generations to meet their own needs, 

in what was defined as Sustainable Development. It was recognised that any development paradigm 

had to improve the quality of life of the people, while at the same time addressing the management 

of natural resources. Five years later the United Nations Conference on Environment and 

Development (UNCED) sought international consensus on the central role of health in the 

achievement of sustainable development. This meeting concluded with two outputs that sought 

to emphasise and reinforce this point. The first principle of the Rio Declaration on Environment 

and Development states that “Human beings are at the centre of concerns for sustainable 

development. They are entitled to a healthy and productive life in harmony with nature.” This is 

reinforced by an entire chapter in Agenda 21 devoted to laying out the objectives and guidelines 

for ensuring the Protection and Promotion of Human Health.  Health, defined by the WHO 

(1948), is a state of complete physical, mental, and social well-being and not merely the absence 

of disease or infirmity. Thus the interconnectedness and interdependence of economic, social 

and environmental development on the health of a population must be a key goal of sustainable 

development. 

 

 

Source: WHO, 2002 
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People are central since we are the ultimate drivers (resource for) of sustainable development.  

Sustained, improved health drives are an output of economic, social and environmental factors 

that foster sustainable development. Education is better assimilated and applied by healthy people, 

who in turn can become productive members of society contributing to its development.  

Development that addresses issues such as solid waste management and air, water, and chemical 

pollution will reduce the societal burden of diarrhoeal diseases, vector borne diseases, and 

chronic respiratory and cardiovascular diseases, to mention a few. Today it is evident that 

poverty, a cause and consequence of under-development, increases the burden of preventable 

and treatable diseases and death.  It is also clear that inappropriate development despite growth 

can increase the burden of disease; for example, the outcome of policies on urban planning, and 

transport and housing development in many countries that create rather than reduce air 

pollution, noise and traffic injuries, and translate into ill health for the populace.   

 

Today, Guyana and the rest of the world are advocating movement towards a green economy 

where the focus remains on sustainable development with emphasis on the need to address 

persistent poverty.  The aim of the Green Economy, like sustainable development, is to improve 

human well-being and social equity.  Social equity is a cornerstone of sustainable development 

and implies fair access to livelihood, education, and resources.  It therefore means that greater 

attention must be placed on health, and the suggestion by the World Health Organisation that 

health be placed at the heart of Sustainable development is critical.  Health must no longer be 

seen as the purview of the health sector since several of the important determinants of health 

and disease are external to its direct control.  The sectors concerned with education, agriculture, 

urban and rural development, energy, transportation, housing, trade, water and sanitation and 

environment have a significant role to play in ensuring solutions to these determinants, and thus 

must be integrally involved in the efforts for sustained improvements in health.   

 

This must therefore be the focus of Guyana’s movement towards a green economy.  Thus, when 

Guyana reports a decline in the infant mortality rate (per 1,000 live births) from 42.9 in 1992 to 

14 in 2008, it must be recognised as an achievement in health derived from the efficient and 

effective workings of the sectors and not simply one, the health sector. Take for example two 

sectors in Guyana, construction and transportation, and their role in health for a green economy.  

Construction is a booming industry in Guyana. However, much of our construction, especially in 

urban areas, results in structures that are intensive fossil fuel energy users in direct contravention 

of the efforts to decarbonise the economy.  These buildings are not constructed to maximise the 

use of natural ventilation or lighting, and as a consequence predispose persons who occupy them 

to building related and/or sick building illnesses. This is because airborne contaminants and 

pollutants can build up to high levels, all the while circulating as occupants breathe within these 

tightly sealed environments. Contaminants and pollutants may enter air conditioning systems 

where the pathogenic organisms multiply and are spread back into the interiors; creating a 

deleterious cycle of indoor pollutants.   



92 

 

The age of the vehicles that ply our roadways, and the fact that the overwhelming majority are 

reconditioned and benefit from irregular maintenance, does not bode well for the level of carbon 

emissions in a country with a green economy trajectory. The reckless disregard for our traffic 

laws and regulations result in frequent injuries and death to road users. These are the most visible 

and direct health impacts of transportation, however, the trauma to loved ones as well as the 

financial cost for recovery, rehabilitation, and/or burial leads to a number of other less visible but 

equally devastating health effects for a number of other persons. Accidents and injuries primarily 

affect the 15-44 years age group in Guyana—the productive sector of society.  

 

Occupational safety and health (OSH), which ensures maintenance of a safe and healthful work 

environment, is also very important. But in spite of OSH legislation, the lack of sufficient 

regulations makes the implementation of the Act difficult.  Employers thus have little incentive to 

invest in a safe and healthful environment for employees.  The lack of adequate staff complement 

by the enforcing authority and a limited budget also mean that on many occasions they are made 

aware of unsafe and unhealthy work environments when accidents are reported in the press.  

This is a problem that needs to be arrested given the number of fatal accidents that have been 

reported in the press, within just the construction and sawmilling industries in Guyana.  Laws for 

the protection of vulnerable groups such as the Protection of Child Act 2009 and the Domestic 

Violence Act 1996 are all strides towards improving the quality of life for Guyanese, but 

enforcement remains crucial. 

 

Health can therefore be seen as both a contributor to, and an indicator of, a green economy.  

The evident interconnectedness and interdependence of these concepts necessitate that 

education, legislation, regulation, and policy must be fashioned to enable this move towards a 

green economy.  However, central to all of these is the importance of integrated monitoring and 

surveillance and information systems to compile, analyse, synthesise and generate information 

that will drive the process. Actual information and not anecdotal evidence must inform our 

priorities and indicate our successes and failures.  Improvement in human well-being, whether 

called sustainable development or green economy, is to all our benefits.  Let us join WHO and 

make every effort to place health at the heart of sustainable development. 
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SEES Research Series 

Essay V 

 

The Green Economy and Tertiary Education 
By Therese Ferguson 
____________________________________________________________________ 

 

A ‘green economy’ model is now prevalent on the global policy agenda. It is seen as a critical 

factor in achieving sustainable development, and the necessary counter paradigm to the traditional 

‘brown economy.’ A brown economy, an economy reliant on fossil fuels, has previously prevailed 

but has been characterised by unsustainable growth and consumption patterns, attendant 

widespread environmental degradation, as well as a failure to address economic and social 

inequities. The United Nations Environment Programme (UNEP) defines a green economy as one 

that results in “improved human well-being and social equity, while significantly reducing 

environmental risks and ecological scarcities” (UNEP, 2010). They state that “A green economy 

is low-carbon, resource efficient, and socially inclusive [with] growth in income and employment 

… driven by public and private investments that reduce carbon emissions and pollution, enhance 

energy and resource efficiency, and prevent the loss of biodiversity and ecosystem services.” It 

thus supports the social, economic and environmental tiers of sustainable development. 

 

During his tenure in office, former President Bharrat Jagdeo posited that the green sector could 

emerge as the largest sector in Guyana’s economy, and urged Guyanese to support the shift 

towards a green economy, citing this transition as key in moving Guyana towards equal economic 

footing with nations such as the United States. A green economy, therefore, is seen as significant 

for sustainable development within Guyana, as the development and expansion of green sectors 

opens up investment opportunities, stimulates growth, and enhances job creation whilst 

supporting environmental and social sustainability. 

 

There are many enabling conditions that must be in place to facilitate the transition to a green 

economy, including national regulations, policies, subsidies and incentives, international market 

and legal infrastructure, and trade and technical assistance (UNEP, 2011). Alongside these 

conditions, education too is critical in shaping a green economy, with tertiary level institutions in 

particular having a pivotal role to play, with respect to activities in the areas of teaching, research, 

knowledge transfer and community education and engagement, as well as by serving as exemplars 

of sustainability. 

 

Firstly, through their teaching and training activities, tertiary level educational institutions can 

train individuals for jobs in green sectors by equipping them with the requisite knowledge and 

skills. Additionally, they can enable their students to understand the critical and complex 

connections which underpin a green economy, including linkages amongst the environment, 
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energy, the economy and social well-being. Students can also be made aware of complex, scientific 

issues like climate change. The critical, analytical and systemic thinking that is needed to 

conceptualise, understand and address these linkages and issues are indeed the mandate of every 

higher education institute. Moreover, there is also the need for new attitudes towards 

sustainability and green issues, so that old ways of thinking, which perpetuate the status quo and 

unsustainable ways of living, do not prevail. Universities, then, can shape and inculcate these new 

ways of thinking. 

 

Secondly, institutions of higher learning can facilitate research and development, and encourage 

innovation amongst its students. Research and development are mainstays of university education, 

as knowledge is produced, transformed into new ideas and disseminated. Innovation takes this a 

step further by transforming these new ideas into practice. Research, development and 

innovation, with respect to the development and growth of ‘green’ and low-carbon technologies 

and industries, underlie a green economy. Innovative thinking with respect to sectors such as 

energy, waste, water, transportation, housing, agriculture, forestry and fisheries, and areas such 

as engineering, green design and architecture, and product development, for instance, will be 

significant in the transition to a green economy.  

 

As an extension of their activities in research, development and innovation, universities can also 

play a part through knowledge transfer with entities and sectors such as science, trade unions 

and non-governmental organisations (NGOs). Knowledge transfer encompasses the 

dissemination of research, the exchange of ideas and the sharing of experiences and skills 

between universities and other research bodies, business, government, the public sector and the 

wider community to support the development of new policies, services and products. It is a two-

way process in which the capacities of universities and other entities are enhanced. Tertiary level 

institutions can partner with various sectors in finding and implementing solutions to problems 

in energy management, waste reduction, water conservation and more. Through knowledge 

transfer, the efficacy of teaching, research, and innovation are enhanced when actual and potential 

users in various sectors apply the end products of these activities in both policy and practice.  

 

Universities also have a role to play with respect to education of, and engagement with, the wider 

communities within which they operate. Broad populace support is needed for a green economy 

to take root so that the rationale for a green economy can be understood and initiatives being 

developed can be supported. Additionally, tertiary education can partner with communities, 

catalysing realistic change, through, for instance, various pilot projects in energy, water or smart 

design at schools, community organisations and local businesses. 

 

Finally, by serving as exemplars of sustainability principles and microcosms of the green economy, 

higher learning institutions can highlight in a visible and practical way the possibilities of the green 

economy. By initiating green projects on campuses, institutions of higher education can become 
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pilot sites for green technologies, green design, and green services and products, and offer their 

students on-site opportunities for research and development, innovation, and skills development. 

Moreover, pilot projects must be supported through university-wide policies that institutionalise 

green economic principles and sustainability within management and operational procedures.  

 

Guyana’s premier tertiary institution, the University of Guyana, is involved in activities within the 

aforementioned areas. For instance, in the area of research, the Faculties of Agriculture and 

Forestry and Natural Sciences have been engaged in research surrounding the use of biochar in, 

for instance, the reclamation of mined out areas in Mahdia. Students also carry out research in 

relevant areas, with final-year undergraduates in Faculties/Schools such as the Faculty of Natural 

Sciences and the School of Earth and Environmental Sciences (SEES) undertaking studies in areas 

such as wastewater phytoremediation, renewable energy, and biofuels. In the area of professional 

training, the University has been involved in the development of a Certificate Course in 

Bioenergy, run earlier this year, aimed at building a ‘critical mass’ of bioenergy technicians, 

operators and demonstration Programmes. Additionally, University staff have had input into a 

pilot project in the Wowetta community, funded by the Canadian International Development 

Agency (CIDA), executed by the Latin American Energy Organization (OLADE) and University 

of Calgary, in collaboration with the Guyana Energy Agency. Amongst other things, the project 

equipped homes in the community with solar power lighting and a village shop with a solar-

powered freezer. This is by no means meant to be an exhaustive list, but a few examples to 

illustrate the ways in which Guyana’s own institution of higher education may contribute to green 

economic sectors. Indeed, within the context of the country’s Low Carbon Development 

Strategy (LCDS), and under the World Bank financed University of Guyana Science and 

Technology Support Project, which encompasses elements such as curricula reform, LCDS-

related research and refurbishment of science laboratories, the nation’s University is well poised 

to improve the employability and skills set of graduates for new jobs in emerging and growing 

green sectors. 

 

Tertiary education has a critical role to play in establishing and developing professional skills for 

a green economy through initial and continuing training. It is institutions of higher learning that 

will play a key function in preparing the scientists, engineers, planners, architects and others who 

will lead the transition towards a green economy and create, transfer and apply knowledge in the 

various green sectors of the economy. Universities have to modify existing and develop new 

curricula to meet these new training needs, and drive research, development and innovation in 

order to serve as exemplars with respect to their operational principles and procedures. This 

will necessitate that tertiary institutions forge substantive partnerships with other academic 

bodies, science, business and industry, NGOs and funding agencies in order to enhance the 

effectiveness of their role. Through their teaching and research, knowledge transfer, community 

engagement, and operational principles and practices, universities can occupy a pivotal role at the 

forefront of the green economy. 
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