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Abstract
Trinidad and Tobago has struggled to achieve any appreciable level of renewable energy penetration. The
country benefits from oil and gas reserves, and a history of subsidized electricity and fuel prices has
exacerbated the level of domestic consumption. With these challenges in mind, this report considers the
economic realities and social impacts of reducing the country’s consumption of subsidized diesel in the
transport sector via the implementation of locally produced biodiesel. Guyana is used as an example when
considering the feasibility of coconuts as a biodiesel feedstock, since they are the region’s leading producer
of the crop and the labor and climactic conditions are very similar to those found in Trinidad and Tobago.
The Malaysian biofuel scenario is also used as a reference due to the established nature of the palm oil
industry and the relative similarity between the climates and stated policy goals. In the Trinidad and
Tobago context, the primary driver for reduced fossil fuel use is the government’s desire to reduce the
annual fuel subsidy, the majority of which is applied to diesel sales. The goal of this report is to utilize
quantitative analysis to outline the economic and social benefits which can be realized if a sustainable
biodiesel industry is implemented.

-3-

Summary
This report makes the case that Trinidad and Tobago stands to benefit from the introduction of a
biodiesel industry via a reduction in domestic fossil fuel use and liquid fuel subsidy expenditure. The
results show that displacement of a certain percentage of fossil fuel diesel with coconut-derived biodiesel
will result in net annual savings for the government. The results of the analysis of the three displacement
scenarios considered are as follows:

Displacement
Scenario
5%
2%
1%

Net Present
Value (NPV,
USD)
$9,454,736
$2,099,131
-$442,205

NPV Payback
Period
5 years 10 months
7 years 8 months
14 years, 6 months

Average Annual
Reduction in
Expenditure (over 10
year period, USD)
$2,905,000
$911,220
$233,300

Emissions
Reduction
(Tonnes CO2 per
year)
70,869
28,622
14,540

The results show that the 2% and 5% displacement scenarios return attractive payback periods and NPVs,
making biodiesel implementation a financially attractive proposition.
Apart from the quantitative analysis used to determine the economic and emissions reduction potential of
this initiative, qualitative analysis and interviews were used to address some of the surrounding issues. The
report discusses the sustainability challenges faced by developing countries, which traditionally do not
have access to the advanced electricity generation technologies or the infrastructure available in developed
countries. As such, biodiesel is proposed as the most appropriate entry point for renewables in the
country. The importance of local action regarding climate change is discussed, since in many cases it
seems that smaller countries are prepared to follow the lead of established economic superpowers. This
report proposes that initiatives such as biodiesel implementation can allow smaller countries to benefit
both economically and socially while not necessarily being dependent on loans, assistance or technology
transfer from external sources. Additionally, this type of initiative can revitalize rural communities and
provide a more diverse market for the country’s farmers.
The major driver for increased sustainability in Trinidad’s transport sector is not energy security or
environmental concerns, but rather the desire to reduce the country’s annual liquid fuels subsidy
expenditure and to increase hydrocarbon exports. The nation’s annual fuel subsidy expenditure for 2011
was $730 Million USD, a figure which represents more than 60% of the country’s overall budget deficit.
The report discusses the current efforts being undertaken by the government – namely, the conversion of
traditional gasoline vehicles to Compressed Natural Gas (CNG). Although Trinidad is unique in the
Caribbean region due to its oil and gas-based economy, the outcomes of this report are relevant to other
Small Island Developing States (SIDS) as many of the surrounding islands are reliant on imported diesel
for transportation and electricity production.
Biodiesel can be produced from various oil seeds, so the report discusses the optimal choice of feedstock
suited for local conditions. Although other crops such as oil palm, which is dominant in the vegetable oil
production of South East Asia, can return higher yields in terms of liters of oil per hectare, the coconut
palm has been proposed as the feedstock for this initiative. Issues regarding competition for land and the
food vs. fuel debate are discussed, but the intention of this proposal is that the feedstock be produced on
existing, pest-affected coconut estates. Waste Vegetable Oil, typically obtained from restaurants, is also
discussed in the report as it can provide a significant percentage of the overall oil input to the biodiesel
-4-

processor. The conversion process from coconut to Coco-Methyl Ester biodiesel is briefly described. The
proposed technology is commercially available and has been implemented successfully in various
locations. As such, the details of the chemical conversion are not the major focus of this analysis; instead,
the objective is to make the case that Trinidad and Tobago can benefit from technology already in use
around the world. The report also covers some of the social and environmental concerns that are inherent
in efforts towards biofuels implementation. As a means of comparison, land use and average crop yields
from Malaysia are referenced. Due to the maturity of the vegetable oil market in this region, many of the
lessons learnt should be applied to smaller developing countries which intend to produce biodiesel.
A section of the report describes the types of policy instruments which would be instrumental towards the
implementation of a biodiesel initiative. Renewable Fuel Standards and production quotas are highlighted
as the most appropriate instruments for the local market. The Clean Development Mechanism (CDM),
which is intended to partner developed and developing countries in efforts towards reduction of Carbon
emissions via the transfer of technology and project funding, is considered in the context of this initiative.
Although transfer of technology and expertise would be highly desirable for this project, one of the
requirements of the CDM is that the project is not to be financially attractive without the added income
derived from Carbon Credits. Due to the predicted rates of return on investment obtained from the
results of this analysis, it would be challenging to implement CDM.
This results of this report show that Trinidad and Tobago can reduce expenditure via the implementation
of biodiesel. The economic analysis is necessarily based on certain assumptions, and thus has limitations
which would only be exposed when attempts are made to implement the initiative in full scale. However,
the results show that it is reasonable to assume that if Trinidad is able to produce feedstock at a price
comparable to neighboring Guyana, government expenditure will be reduced. The report provides policy
makers with a target for production cost of feedstock, and also shows how much money that can
potentially be saved compared to the business as usual scenario. The implementation of biodiesel in
Trinidad and Tobago would result in numerous benefits. Apart from the reduction in government
expenditure, this activity will create jobs in rural communities. Additionally, by taking measures to reduce
the annual liquid fuel subsidy expenditure without raising the price paid by the consumer, the country can
begin to move away from its unsustainable pattern of consumption and expenditure without placing the
economic burden on the poorer segments of the community.
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1 Background and Objectives
1.1 Current Situation in Trinidad and Tobago
Trinidad & Tobago is a twin-island state in the Southern Caribbean classified as a developing country. The
population of the country is approximately 1.3 million, with land area encompassing 5,128 square
kilometres (Central Intelligence Agency, 2011). The Gross National Income per capita is $23,439 USD,
and the country ranks 62nd out of 187 countries in terms of its Human Development Index, which is 0.760
(United Nations Development Programme, 2011). The country is a net hydrocarbon exporter, and the
economy is largely reliant on oil and gas production, processing and export. Although it can be said that
hydrocarbon resources and revenue have benefitted the well-being of the country’s population, as
illustrated by having an HDI ranking consistently higher than the regional average (see also Figure 2), the
sustainability of the country’s continued socioeconomic growth is questionable. The economy’s reliance
on finite fossil fuel resources, as well as the relatively large percentage of the country’s expenditure
devoted to subsidizing local fuel and electricity sales, means that changes are required if the country is to
develop into the 21st century in a sustainable manner. In recent times, there has been increased
commitment from the Government in terms of sustainable energy solutions. Nevertheless, subsidized
electricity and fuel prices and lack of attention regarding energy efficiency have resulted in a per capita
energy consumption which is 30% higher than the levels observed in the United States of America
(Ugursal, 2011).

Figure 1 - Map of Trinidad and Tobago. Source: ezilon.com
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Figure 2 - Human Development Index Trends. Source: UNDP, 2011

1.2 Existing Energy Situation and the Industrial Sector
Trinidad and Tobago is almost totally reliant on fossil fuel-derived products for both electricity
production and transportation. Figure 3 shows the primary energy production and consumption in the
country - it can be seen that production has tripled since 1980, while consumption has more than
quadrupled. These figures do not necessarily correspond to changes in domestic consumer behaviour
since the increases can be largely attributed to Trinidad’s emergence in the international energy sector. A
large proportion of the country’s energy consumption increase is due to the expansion of various energy
intensive industrial facilities.
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Figure 3 - Energy Production and Consumption in Trinidad and Tobago. Source: (U.S. Energy Information
Administration, 2010)

Trinidad and Tobago is the world’s leading exporter of both ammonia and methanol (Australian
Government Department of Foreign Affairs and Trade, 2010). Production of these commodities is
extremely energy intensive, and the success of these industries has been due to the availability and
consumption of affordable natural gas. The country’s other major exports, which include Liquefied
Natural Gas (LNG), urea, fertilizer and steel products, are also reliant on the country’s supply of natural
gas. The sharp upward trend in Total Primary Energy Production seen in Figure 3 during the 1990s
coincides with the expansion of the country’s industrial activities, particularly the commissioning of large
scale methanol and LNG production facilities.
The figures seen in Figure 3 reflect the country’s absolute increase in energy consumption and generation,
and include the energy intensive products ultimately destined for export. Although large scale
industrialization can partly explain the country’s high energy consumption per capita, in order to obtain a
clearer picture of the country’s energy challenges consumer behaviour must be further investigated. As
seen in Figure 4, the residential sector accounts for a minimal percentage of the overall energy demand,
with the industrial and transportation sectors representing far larger proportions.
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Energy Consumption by Sector, Trinidad
and Tobago
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Figure 4 - Energy Consumption by Sector. (International Energy Agency, 2009)

Residential energy demand is comprised mainly of electricity since the climate dictates that there is no
heating demand for the average consumer. Domestic electricity consumption has also been steadily
increasing, as shown in Figure 5. Trinidad and Tobago’s statistical office has only released these domestic
consumption figures for the period shown in the figure (1991 to 2004), but it can be assumed that the
upward trend will continue into the future if the current status quo is maintained.
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Figure 5 - Domestic Electricity Consumption in Trinidad and Tobago. Source: (Trinidad and Tobago Central
Statistical Office, 2011)

In terms of the country’s energy balance, 99.9% of the energy supply is provided by either oil products or
natural gas, with the remaining 0.1% derived from biofuels or waste (International Energy Agency, 2009).
This trend in fossil fuel dominance of the primary energy supply can be seen in Figure 6. Similarly, in the
transportation sector, Compressed Natural Gas (CNG) fuelled vehicles account for only 0.9% of the total
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number of vehicles on the nation’s roads (Franco, 2011). Currently, there are no other forms of
alternative-fuelled vehicles in use in Trinidad and Tobago. Interestingly, the smaller of the two islands of
the twin-island republic is Tobago - although this island is located a mere 10 miles from Trinidad (see
Figure 1), it faces a similar situation to the remainder of the other Caribbean islands in that it is almost
totally dependent on imported diesel for electricity production and transportation. Thus, despite the fact
that the country is a twin island state, only the larger island benefits from the nation’s natural gas
resources.

Figure 6 - Energy Production in Trinidad and Tobago. Source: IEA

1.3 Objective of the Study
The objective of this study is to suggest a realistic method for Trinidad and Tobago to begin to reduce its
energy intensity and domestic consumption of fossil fuels, and to show that this effort can be both socially
and economically beneficial to the country. As shown in Figure 3, the islands’ energy consumption has
quadrupled since 1995. Although some of this growth is correlated to the growth of the industrial sector,
other solutions must be outlined in order to make the country more energy efficient. This will be
beneficial for various reasons. As a net hydrocarbon exporter, a reduction in domestic fossil fuel
consumption will result in reduced levels of subsidies for locally used fuels, which can lead to increased
exports and foreign currency income generation. A reduction in fossil fuel use will also result in reduced
emissions and particulate matter (PM) levels. Additionally, if the implementation of sustainable energy
solutions can be properly motivated, there is the potential for improved rural development and
diversification of the industrial and agricultural sectors.
One of the major motivations of this initiative is to suggest a suitable entry point for sustainability efforts
in Trinidad and Tobago. In order for this activity to be successful, it is important to be realistic and to
present significant, quantifiable benefits which can be communicated to both decision makers and the
public. This will be an important step, since many of the efforts which have been successful internationally
may not be suitable for the local situation. It is vital that developing countries achieve their own progress
and innovation without relying solely on developed countries, since many of the effects of climate change
will be particularly detrimental to low lying coastal or island states. As a member of the Small Island
Developing states (SIDS), quantifiable sustainability progress in Trinidad and Tobago will be highly
advantageous to the negotiation group’s stance during global climate negotiations. Developed states are
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likely to be more willing to provide assistance, as well as consider their own emission reduction
commitments, if self-beneficial progress can be shown in less developed countries.
This study will attempt to show that there is potential for biodiesel implementation in Trinidad and
Tobago. The objective is to prove that a certain amount of fossil fuel derived diesel can be replaced by
locally produced biodiesel, and that this will result in overall savings for the nation’s government. The
report will also discuss social benefits, such as job creation and rural development. In terms of quantifiable
analysis, the following will be investigated:











The reduction of annual government expenditure which can be realized via the decreased claims
for local liquid fuel subsidies, as well as the increased potential for diesel export and foreign
income generation
The potential annual reduction in fossil fuel consumption which can be achieved for various
percentages of biodiesel blending
The expected production cost of locally produced biodiesel based on existing feedstock
production costs in the region, as well as on oil seed processing costs seen in established biodiesel
markets in Southeast Asia
The investment cost and the expected operations and maintenance expenditure which will be
required for implementation of this type of industry. As part of this analysis, Net Present Values
and Internal Rate of Returns will be calculated for various investment scenarios
The amount of land which will be required to produce the amount of feedstock required for a
certain percentage of diesel displacement with biodiesel
The reduction in CO2 equivalent emissions which can be achieved based on the considered
biodiesel blending scenarios will be calculated
The type of feedstock most suitable for local conditions will also be determined based on existing
local crop yields and global trends in oil extraction techniques.

1.4 Determining an Appropriate Entry Point for Renewables
While developed countries often focus on sustainable electricity generation as a means of reducing their
energy intensity, the cost of such improvements is often seen as prohibitive in countries such as Trinidad
and Tobago. The installed electricity generation capacity in the country is approximately 1700MW, all of
which is derived from natural gas fired power plants. Only one natural gas power plant incorporates
combined cycle technology, but the Ministry of Finance has stated that it is the intention of the
administration to eventually upgrade all plants to include this higher-efficiency cycle (Phillip Blechinger,
2011). Due to this intention and the presence of large natural gas reserves it is unlikely that there will be
any significant government commitment regarding sustainable electricity generation in the foreseeable
future. Trinidad and Tobago also benefits from a high percentage level of electrification, so there is
limited demand for off-grid electricity generation. Thus, solar or wind electricity generation is a niche
market, and not currently prevalent enough to attract significant government support or incentives.
A variety of stakeholders would have to be involved if any changes to the existing electricity distribution
infrastructure were to be implemented. Also, in order to incorporate renewable energy technologies into
the power generation sector a number of different articles of legislation would need to be reviewed and
amended. Consequently, renewable electricity generation does not appear to be economically competitive
or even realistic in the short to medium term due to lack of incentives, bureaucratic challenges and the
extensive availability of subsidized, fossil fuel derived electricity. Trinidad and Tobago is facing unique
challenges in the region and is even further behind its neighbours in terms of renewable energy
penetration due to the country’s low fuel and electricity prices. Figure 7 shows domestic electricity rates in
the Latin American and Caribbean region – it can be seen that Trinidad and Tobago provides consumers
with the second lowest electricity rates of the countries listed. These subsidized prices create an inherent
disincentive to depart from the established fossil fuel infrastructure, and as a result, Trinidad and Tobago
-13-

in particular has been relatively unsuccessful in the implementation of renewable electricity production
technology. Neighbouring islands such as Jamaica and Barbados have had much more success in terms of
renewable energy technology, but it can be seen that their respective electricity prices make the transition
much more appealing than it is in Trinidad and Tobago. Additionally, there is no legislation for the
interconnectivity of independent power producers in Trinidad and Tobago and as of 2012, it is illegal for
any individual to feed energy into the country’s grid. As such, there is no foreseeable potential for the
implementation of feed in tariffs or two way metering.
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Figure 7 - Electricity Rates in Latin America / Caribbean Region. Source: (Trinidad and Tobago Renewable Energy
Committee, 2011)

As a result of the factors stated above, it is evident that investment in sustainable power generation is an
unsuitable entry point for this type of developing country situation. Instead, the transportation sector can
be described as the area in which the greatest gains will be achieved via improvements in efficiency, or the
“low hanging fruit”. Despite the fact that the industrial sector represents a far larger share of the island’s
energy consumption by sector, as seen in Figure 4, there are presently more opportunities for
improvement and a higher economic impact to be derived within the transport sector. Additionally, the
major impetus behind any successful effort towards increased energy efficiency is the government’s stated
intention to reduce the annual liquid fuel subsidy.
Figure 8 shows the trends in road diesel consumption since 1970. All domestic fuel sales in Trinidad and
Tobago are subsidized by the government - in 2011 total fuel subsidies amounted to $730 Million USD,
which represents 2.8% of the country’s overall Gross Domestic Product (GDP). As seen in Figure 10,
diesel subsidies comprise 58% of the overall subsidy figure (Franco, 2011). There is a significant
opportunity cost involved in providing such a large amount of subsidies for transport – the liquid-fuel
subsidy expenditure for the period 2011 /2012 was approximately the same as the total budgeted
expenditure for the nation’s healthcare and more than twice the amount budgeted for agriculture and
housing (Nazera Abdul-Haqq, 2012). It is widely acknowledged that the current subsidy situation is
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economically unsustainable - however, the social unrest observed when Nigeria removed their fuel
subsidies in 2012 shows that this course of action is likely to be politically threatening.
This report proposes that the implementation of a biodiesel policy can reduce the country’s transport fuel
subsidy in a cost effective, socially sustainable manner. If locally produced feedstock could be utilized for
conversion to biodiesel then used to displace a certain percentage of petrodiesel, the overall effect would
be a reduction in the government’s subsidy expenditure along with the creation of a local industry and
employment opportunities.

Figure 8 - Road Sector Diesel Use in Trinidad and Tobago. (TradingEconomics.com, 2011)
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Figure 9 - Per Capita Road Sector Diesel Consumption in Trinidad and Tobago (Timetric, 2009)
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2011 Fuel Consumption by Sector
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Figure 10 - Fuel Consumption by Sector. Data taken from Reintroduction of Natural Gas as Alternate Transportation
Fuel in T&T: R. Franco, 2011

-16-

2 Methodology of Study
This report is conducted as a case study, and is based upon interviews and document analysis of the
energy situation in Trinidad and Tobago. Local stakeholders including the Ministry of Energy, The
Coconut Growers Association (CGA) and various environmental groups have been consulted in order to
provide an overview of the potential of the biodiesel industry. The qualitative section of the study is based
on analysis of the country’s overall energy situation, as well as the perceived opportunities for entry points
for sustainable technology. The report will then quantify the results of the various aspects of biodiesel
implementation. Three scenarios have been considered – replacement of 1%, 2% and 5% of the country’s
petrodiesel consumption with locally produced biodiesel.

2.1 Financial Analysis
The case will be made that blending of a certain percentage of biodiesel can be financially feasible, and in
the context of a developing country, this factor must be treated with the highest priority. It is clear that if
the potential for foreign exchange is considered, there is the opportunity for the government to save a
significant amount of money annually via reductions in local, subsidized petro-diesel consumption. The
money saved can be re-invested to enhance efficiency improvements, environmental efforts or social
awareness programs. This can result in a double-positive effect for the government – the amount of
money expended on the liquid fuel subsidy can be reduced while the country’s image and awareness
regarding sustainability efforts can be improved. An estimate for the price of biodiesel per liter has been
calculated, and by comparing this value to the price per liter for conventional biodiesel on the
international market, a figure for the potential annual savings available to the government shall be
presented.
These figures will be based on the liquid fuel subsidy figures provided by the Ministry of Energy and
Energy Affairs for fiscal year 2011. In order to estimate capital and variable costs for biodiesel processing,
budgetary cost figures have been obtained from Green Fuels UK. This company provides biodiesel
processing units in 40 foot containers, and this type of technology shall be proposed as an example of
what can be suitable for Trinidad and Tobago’s processing requirements. The units are modular and selfcontained, and can be readily transported to various locations. The manufacturer has provided electricity
input requirements on a per tonne basis and this will be used to estimate annual costs. The number of
employees required will be based on estimated figures from existing palm oil plantations in Malaysia, but
will only consider labor costs related to the actual biodiesel conversion process – agricultural and
harvesting employees’ labor costs are incorporated into the production price for crude coconut oil. Costs
for biodiesel feedstock, in the form of copra, have been obtained from Trinidad’s regional neighbor of
Guyana. Methanol pricing has been obtained from the international market. As discussed below, a catalyst
is also required for the conversion process. However, the amount of catalyst required is typically only a
minimal percentage of the volume of input vegetable oil, and the volume of catalyst is dependent on
drying requirements and other operational conditions. As such, these prices are simply included in overall
operational cost. Methanol costs and labor costs shall all be accounted for separately, but costs for
fertilizer, land preparation and all associated agricultural expenses shall be encompassed by the estimated
production price for crude coconut oil. Potential annual savings as well as estimated payback periods will
be presented.

2.2 Land Use Requirements
This section will focus on the amount of land area required to displace a certain percentage of petroleumderived diesel. The yield per hectare for coconuts has been estimated via discussions with the Coconut
Growers’ Association (CGA) in Trinidad, as this would give the most realistic figure for land use. Yields
will be estimated by using the number of coconuts per hectare that have been produced in Trinidad in the
recent past. Since the number of trees planted per acre is known, as well as the theoretical amounts of
-17-

coconut oil that can be extracted per nut, a realistic figure for kg of oil per hectare per year in the local
context can be deduced. It should also be noted that the estimate for the volume of fuel required takes
into account the fact that the fuel consumption of a given compression ignition engine when using
biodiesel is 3-5% higher than when conventional diesel is used (Gaurav Dwivedi, 2011). The land use
figure also assumes that all of the waste vegetable oil currently collected on the island will be used locally
for conversion to biodiesel.

2.3 Emissions Reductions
The environmental benefits of biodiesel blending are more challenging to quantify. The carbon reduction
analysis section shall determine how much the country’s transport-related CO2 emissions can be reduced
by implementing a certain percentage of biodiesel. This reduction percentage varies based on numerous
factors including feedstock, amount of fertilizer used and land conversion issues. The percentage
reduction figure for each scenario has been determined in accordance with a methodology which has been
previously approved by the United Nations Framework Convention on Climate Change (UNFCCC).
Biodiesel blending will also result in a reduction of Particulate Matter pollution, which can be highlighted
as a health benefit to the local population.
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3 Current Situation within the Transport Sector
There are efforts being made towards decreasing the amount of liquid fuels consumed by the country’s
transport sector. So far, the initiatives introduced by the government have not had any appreciable effect
on the liquid fuel consumption of the island. The liquid fuel subsidy, which is a major concern and driver
for the government’s sustainability efforts, is also outlined in this section.

3.1 Compressed Natural Gas (CNG)
The government has decided that CNG is the initial solution for decreasing the islands’ energy intensity in
an economically reasonable manner. The Ministry of Energy has implemented a CNG Task Force charged
with converting 100,000 vehicles to natural gas by 2016, which would correspond to approximately 40%
reduction in gasoline usage (Franco, 2011). This initiative will require large scale investment in
infrastructure, as lack of CNG filling stations is one of the major factors currently limiting consumer
interest. Since CNG technology was introduced to the country in 1990, approximately 4,500 vehicles have
been converted.
CNG has struggled to gain market acceptance for a variety of reasons. Primarily, the consumer is required
to make the initial investment for the conversion equipment. Although the government offers a 25% tax
credit on the conversion expenses, the initial capital outlay reduces the attractiveness of the CNG option
for the average citizen. The CNG equipment also reduces the trunk space of the vehicle, which many
consumers are unwilling to accept. Additionally, the infrastructure required for CNG refilling is not well
established, and introduces a large degree of inconvenience for people who have already converted their
vehicles. Although one can understand why the country, with its abundant natural gas resources, would
choose to implement CNG as their primary option for reducing fossil fuel use in the transport sector, it is
also evident that this initiative requires the consumer to make several compromises.
The bureaucratic challenges involved in the implementation of CNG and the required infrastructure are
legion. For example, incentives involving the reduction of various duties and levies fall under the
jurisdiction of the Customs Division, and there are many uncertainties regarding the criteria for
qualification of various types of vehicles for these incentives. Although the Ministry of Energy has cited
the CNG program as a priority, many of the other governmental bodies required for successful
implementation have not placed an equal amount of focus on the initiative. Additionally, the CNG
initiative focuses on the conversion of existing gasoline-driven vehicles only. This is because the cost of
conversion of an engine from diesel to CNG is approximately three times that of conversion from
gasoline to CNG (Trinidad Guardian, 2012). This situation means that there is no initiative in place to
reduce the consumption of diesel, which is the fuel type which benefits from the majority of the overall
liquid fuel subsidy.

3.2 Ethanol
Conversations with representatives from the Ministry of Energy reveal that biofuels in general have been
unfavourably viewed due to the amount of land required, as well as the concerns regarding the potential
for impacting food prices. During the 1990s the United States government offered technical assistance for
the conversion of existing sugar cane mills to dual purpose ethanol and sugar production units, but the
offer was declined and the sugar cane industry was instead abandoned (Phillip Blechinger, 2011). Global
sugar prices were volatile to the point that the industry was no longer financially viable. The gradual
decline in the agricultural industry in Trinidad and Tobago has been caused by various factors. Market
changes and expiring trade agreements have resulted in less preferential tariffs for Caribbean crops in the
European and American markets, and the overall wages derived from farming have not increased as
quickly as the general cost of living. The majority of the country’s younger generation no longer views
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agriculture as a viable source of livelihood, especially when compared to the predominant oil and gas
industry.

3.3 The Fuel Subsidy – A Curse or a Blessing?
The fuel and electricity subsidy extended to citizens of Trinidad and Tobago is ostensibly a method of
distributing the nation’s oil and gas revenues to the general populace. While it is true that the country
benefits from much lower energy prices than the remainder of the region, it is questionable how much this
subsidy improves the overall standard of living. There are no initiatives to discourage the use of cars, and
traffic jams are a regular occurrence on the nation’s roads. It must also be noted that Trinidad and
Tobago’s roads and general transport systems are not noticeably better than the surrounding islands which
do not provide a fuel subsidy. Indeed, many of the surrounding islands have more established and wideserving public transport options, simply because there is less of an incentive for the average citizen to
purchase and use a car for everyday transport.
Trinidad and Tobago does not have a well-developed public transportation system. There are buses which
are operated by the Public Transport Service Corporation (PTSC), and these provide transport to rural
areas around the island. However, a more predominant form of transport is the “maxi taxi”, which is a
privately operated, diesel driven minibus seating approximately 12 passengers. The remainder of the
public’s road transportation needs is met by “private hire” passenger cars, which are essentially unlicensed
taxis. These private hire cars are quasi-legal, and operate without a schedule or set route. Finally, the PTSC
offers a water taxi service between the major northern city and the major southern city on the island. The
lack of a train underground system means that the population is heavily dependent on road transport,
whether through privately owned vehicles or small business operators. For several years, the government
has allowed import of used Japanese vehicles, which means that the population has had access to relatively
cheap vehicles. The estimation is that by 2020 there will be some 500,000 vehicles on the nation’s roads
(Ministry of Energy and Energy Industries, 2007).
The fuel subsidy applied by the government is seen as a way for the average citizen to benefit financially
from the country’s oil and gas resources, but it has encouraged an unsustainable pattern of consumption.
Apart from the environmental effects of large scale fossil fuel consumption on the island, the subsidy has
placed a severe economic burden on the government. Consequently, the presence of the fuel subsidy may
in fact be hindering other forms of development – there is far less of an impetus for increases in industrial
energy efficiency or alternative forms of transport.
As stated above, Trinidad and Tobago offers its citizens diesel fuel at a retail price far lower than the rest
of the Caribbean region. For 2011, the regional retail price for diesel was $1.20 USD per litre, whereas in
Trinidad and Tobago, the retail rate paid by the public is $0.25 USD per litre (Trinidad Express, 2012).
This price discrepancy has created an illegal diesel bunkering industry, whereby individuals purchase
subsidized diesel, then transport it to neighbouring islands for resale at the higher regional rate. It is
believed that this activity is responsible for a significant portion of the recent increases in diesel
consumption seen in Figure 8 and Figure 9. Additionally, since this practice is illegal, it is all but
impossible to accurately track and determine where the subsidized fuel is being utilized.
It can be argued that the fuel subsidy policy has engendered a sense of entitlement within Trinidad and
Tobago’s population, and it will be extremely difficult to implement any sort of efforts towards improved
sustainability as long as the subsidy remains as is. While the reduced energy prices may increase the
disposable income of some segments of the population, all citizens are forced to deal with the traffic
congestion and reduced productivity and pollution caused by the sheer number of cars on the nation’s
roads. It can also be argued that the transport fuel subsidy disproportionally benefits the wealthier
segments of the population, since these individuals tend to purchase larger, less fuel efficient luxury
vehicles.
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4 Addressing
Biodiesel
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Barriers

-
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4.1 Transport Sector
This paper presents the case that the introduction of biodiesel production will be more feasible than either
the CNG initiative currently being pursued by the government or the ethanol scenario which was
previously considered and rejected. Like ethanol, the creation of a technologically advanced biodiesel
processing facility can invigorate the foundering agricultural sector while creating sustainable employment
for certain segments of the population. However, the two biofuels differ in that biodiesel blending into
diesel can be performed at higher percentages than ethanol blending into gasoline before engine
modifications are required. Additionally, the energy content of biodiesel is roughly 90% that of
conventional diesel, whereas the energy content of ethanol is only 70% that of gasoline. Finally, ethanol is
difficult to transport via existing pipelines since the substance tends to absorb water and dissolve
impurities on the interior surface of multi-product pipelines (Coyle, 2007). For large scale ethanol
infrastructure to develop, dedicated pipeline networks will likely be required. These factors, combined
with the fact that the majority of Trinidad and Tobago’s overall fuel subsidy is dedicated to diesel, lead to
the conclusion that the introduction of biodiesel is far more feasible than the ethanol scenario previously
considered. Additionally, biodiesel implementation will be achieved without requiring individual consumer
expenditure, since the intention is for a percentage of biodiesel to be blended with the traditional
petrodiesel supply. Unlike other transportation options like ethanol, Compressed National Gas (CNG) or
electric vehicles, this initiative will not require an initial investment outlay for the average citizen.

4.2 Consumer Economics and Acceptance
There are a variety of barriers which have contributed to Trinidad and Tobago’s relative lack of renewable
energy penetration. As stated above, current fuel and energy pricing does not reflect the true cost of
production, thereby creating a distorted market. With the current subsidies in place it is all but impossible
for renewable energy technology to be competitive economically. The drawbacks of the subsidy policy
affect both the supply and demand in terms of renewable energy. Firstly, renewable fuel or energy
investors are not likely to be attracted to this environment since there is little chance of commercial
success. Secondly, the islands’ consumers have an ingrained mentality of treating electricity and fuel as an
inexpensive, unlimited commodity. Thus, there is minimal focus on efficiency improvements or
conservation efforts in comparison to other locations. Even though there are existing government
incentives such as reduced import taxes on renewable energy equipment, this has not been enough to
discourage consumers from simply adhering to the status quo of low priced conventional transport fuel
and electricity. As stated in Section 3.3, Trinidad and Tobago’s diesel price is approximately 5 times lower
than the average paid by the rest of the region.
The biodiesel proposal described in this report eliminates the need for the consumer to choose to pay
more for improved efficiency. The intention is for biodiesel to be blended with conventional petrodiesel
in a centralized manner, prior to distribution to retailers. Production costs for biodiesel are described in
the results section of this report. The aim is for the biodiesel production cost to be less than that paid for
conventional diesel on the international market. If this can be achieved, then the government can increase
petro-diesel exports and foreign currency income. At the same time, the price per liter for diesel paid by
the consumer can remain fixed and the consumer will not be required to make the choice between
conventional diesel and biodiesel at the pump. This will be a key factor for the success of this type of
initiative, since the traditional challenges of consumer acceptance are exacerbated in this case by the
country’s history of subsidized fuel.
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4.3 Land Use
Land use is a major concern in the context of an island nation’s development needs. Biofuels are often
perceived negatively due to the amount of land required to produce adequate feedstock; in the case of
Southeast Asia, the palm oil industry has been affected by negative publicity related to deforestation and
loss of biodiversity. Trinidad and Tobago is also struggling with rising food prices, since a large proportion
of the country’s food supply is imported and subject to global fluctuations. Despite this fact, local
agricultural production has been steadily declining since fewer and fewer individuals see farming as a
viable lifestyle.
The intention of this proposal is for the majority of the biodiesel feedstock to be obtained from degraded,
existing coconut estates. As mentioned in Section 5.3, the local coconut industry has been decimated by
invasive pest species. A biodiesel initiative, which can offer a steady demand for feedstock, could be
instrumental towards the success of the government’s efforts to reinvigorate the coconut industry.
Increased yields from local coconut estates could also displace some of the vegetable oil currently
imported from neighboring countries, so there is also the potential for reduced overall cost for the
country’s edible oils. In order for a biodiesel initiative to be successful, efforts must be coordinated with
the relevant agricultural stakeholders to ensure that food prices are affected as little as possible. The
initiative can be developed in tandem with the current efforts to redevelop the coconut industry such that
crops for food and fuel requirements do not become competing factions. Instead, a sustainable, diversified
market which meets both feedstock and food needs can be presented to potential investors and policy
makers.

4.4 Rural Development
Job creation can also be cited as a major benefit of biodiesel implementation. There is the potential for
rural development since the vast majority of the existing coconut plantations are located a significant
distance from the major urban centers. Labor will be required not only for planting, maintaining and
harvesting the feedstock, but also for the highly skilled jobs required for the operation and upkeep of the
biodiesel conversion facilities. A typical 2,000 hectare palm oil plantation in Malaysia employs four
management-level staff members, along with ten field workers (Basiron, 2007). This type of industry can
provide decent paying jobs independent of the predominant technical employment base, which is
hydrocarbon processing.

4.5 Sustainability Efforts in General
Discussions with the Ministry of Energy reveal that there is more of an interest for biomass conversion as
opposed to biofuel processing. However, since there is no existing waste segregation system in the
country, a major challenge for this initiative would be the implementation of a comprehensive waste
management system. Worldwide, major research related to the production of algae-based biodiesel is also
being performed. This feedstock can provide much higher yields per acre than any traditional biomass
feedstock, but the technology is not ready for widespread utilization and seems to be several years away
from commercialization. Additionally, the government has invited proposals from the private sector for
Waste-to-Fuel technology investment, but to date no significant progress has been made regarding the
implementation of such technology.
Despite the lack of renewable energy penetration, there are efforts being made at governmental level to
reduce emissions and increase the renewable energy share of the energy matrix. Currently, the renewable
energy policy is guided by the Ministry of Housing and Public Utilities, but there is collaboration between
this entity and various other ministries regarding a path forward for the country. The major focus of the
government’s renewable energy investigations is wind and solar energy. An extensive wind mapping
activity is expected to be completed in 2013, since there are no existing profiles for the island.
Additionally, there are plans for the construction of a photovoltaic cell manufacturing facility, utilizing
cheap natural gas from Trinidad and silica from neighbouring Guyana. The plans for this facility were
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based on recommendations from the government’s renewable energy committee, but it questionable how
much of an impact this will have on the country’s energy intensity and energy mix. These panels would
almost certainly be exported, and while it could provide an additional high value end product for the
country’s natural gas resources, it will be extremely difficult to compete with the products manufactured in
China. Chinese manufacturers have the advantage of economies of scale and a well-established resource
path for their process; additionally, the manufacturers occasionally have to deal with protests by the
surrounding population due to claims of land pollution. There is the potential for heavy metal by-products
and chemical leeching into the water supply. As a result, it seems that the creation of a PV manufacturing
facility would be counter-productive to Trinidad and Tobago’s overall sustainable development goals.
Due to the large annual fuel subsidy, the scenario exists in which increased renewable penetration could be
economically attractive to the government, which is not usually the case. The initiatives mentioned above
show that the government is making efforts to increase the profile of sustainable projects on the island,
and a biodiesel processing facility could be acceptable for their purposes and objectives if it can be proven
to be both financially feasible and socially acceptable.
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5 Technical Aspects
5.1 The CME Conversion Process
Coconut Methyl Ester (CME) is the name commonly used for coconut-derived biodiesel. The selected
processing unit will perform a transesterification process, whereby methanol, pressed vegetable oil from
coconuts and waste vegetable oil will be combined in the presence of a catalyst to form biodiesel. Glycerol
is produced as a byproduct. The biodiesel produced by this esterification process is readily accepted by
automobile manufacturers worldwide, who, in the case of existing biodiesel blending initiatives up to a
certain percentage, are willing to extend the same warranties to their vehicles as with conventionally
sourced diesel (Gregore Lopez, 2008). The proposed processing equipment will provide biodiesel in
conformance with international standards including EN14214 & ASTM D6751 (Green Fuels UK, 2011).
For the purposes of this report, a typical biodiesel processing unit using proven conversion technology
has been considered. Varying forms of technology are offered by different manufacturers, but this model
has been selected simply to provide an idea of specifics, including the expected operational costs and the
ratio of methanol to input oil. The unit is modular, and is offered by the manufacturer as a skid mounted
system. This type of technology is ideal for the proposed initiative, since it is available as a standalone,
turnkey system and does not require existing infrastructure for installation. Additionally, the processing
unit is transportable, and therefore not site specific. The ability to transport the processing unit to various
locations will be beneficial when the residual value of the overall project is being considered by investors.
Unlike previous conversion technologies, the proposed unit does not require large amounts of water for
purification of the biodiesel; instead, this is achieved via the addition of a proprietary catalyst. The lack of
a need for large amounts of water is extremely desirable when justifying the benefits of this type of
system. Additionally, the electrical power requirements are comparatively low, at approximately 50 kWh
per tonne of biodiesel produced (Green Fuels UK, 2011).

Figure 11 - 20,000 Litre Per Day Biodiesel Processor (Green Fuels UK, 2011)

The biofuel will be obtained from mature coconuts – the meat is extracted, with the resulting product
being called “copra”. This report will consider freshly extracted, high moisture content copra as the initial
step of the process. This is so that sustainable technology innovation can be incorporated into the process
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chain – specifically, hybrid-type solar dryers which can utilize the dried byproduct shells as a secondary
fuel. This drying process will utilize the abundant available sunlight when available, as the country
experiences approximately 2600 sunlight hours per year (Climate Temp Info, 2011). When the solar
irradiation level is not suitable, drying will be achieved via a thermal process using discarded coconut
husks as fuel. These types of hybrid solar dryers are widely used in rural parts of Southeast Asia, and the
technology and materials are such that the dryer can be locally manufactured. A 5% moisture level must
be achieved for optimal processing of copra into crude coconut oil. Copra represents approximately 40%
of a mature coconut by weight (J Elauria, 2008), and of this extracted copra, 65% by weight can be
converted to crude coconut oil (Indian Coconut Development Board, u.d.). The pressed copra byproduct
can eventually be used in an anaerobic digestion process if future symbiosis projects are implemented.

5.2 Feedstock Options
The cultivation of feedstock is a vital part in the process chain when biodiesel is being considered.
Rapeseed oil is prevalent in biodiesel conversion processes in the European Union, mainly due to the fact
that this feedstock grows in these regions and benefits from domestic production incentives. Jatropha is
often suggested as a viable biodiesel feedstock because of the plant’s ability to grow in marginal or
degraded soil conditions, making it unlikely to compete with land otherwise used for food production.
However, the yields for jatropha and rapeseed are an order of magnitude lower than that of the oil palm
fruit, which is the dominant vegetable oil feedstock in the world’s leading production region – Southeast
Asia. Palm oil has been the most cost competitive vegetable oil on the international market for the past
two decades, and has achieved the highest level of market penetration (Thoenes, 2006).
However, full chain energy analysis of various biodiesel production processes in Thailand shows that
coconut methyl ester returns a superior Net Energy Ratio (NER) when compared to palm methyl ester,
which is derived from oil palm (Somporn Pleanjai, 2009). The same report states that vegetable oil yields
from coconuts are comparable to the yields from palm oil in the Thailand context – 2400kg of oil per
hectare for coconuts as opposed to 2800kg of oil per hectare for oil palm. This sort of yield corresponds
with average coconut yields worldwide, which have been stated at 2 to 4 tonnes of oil per hectare (Ohler,
1999). It should be noted that crop yields from coconuts grown in the Philippines are substantially lower:
approximately 0.75 tonnes of oil per hectare (Thoenes, 2006).
Although palm oil is preferred in the major vegetable oil producing regions and has a higher yield than
coconuts, this type of plant is not prevalent in the Caribbean region. By contrast, coconut palms exist in
large quantities on the Eastern and Southern coasts of Trinidad, and the coconut processing industry has
existed on the island for several decades. This type of feedstock will be advantageous for a biofuels
proposal in that the crop is already cultivated on the islands, and will not require the introduction of a new
agricultural knowledge base. Coconut plantations are permanent; they do not require periodic repreparation of the land, and the trees bear fruit on a non-seasonal basis which is essential for maintaining
a supply of feedstock throughout the year (Banzon, 1980). Coconut palms in Trinidad are grown in sandy
soil, so if existing, degraded coconut estates are utilized as much as possible, this initiative will create little
competition for more fertile, food producing agricultural land. Additionally, the initiative will not have to
overcome the stigma attached to the sustainability of palm oil plantations, whether these concerns are
deserved or not.
A mandatory minimum blending percentage mandated by a renewable fuel standard is desirable in that it
is not technology specific. As palm oil has been the most rapidly expanding crop in terms of percentage of
overall vegetable oil production, this feedstock benefits from large amounts of research and development
investment and efforts to increase crop yields and conversion rates. The proposed biodiesel processor can
operate with a variety of vegetable oil inputs, so the feedstock can be changed from coconut to palm oil if
further developments are made in either agricultural domain. The advent of algae-based biodiesel means
that yields per acre may increase dramatically in the future, in which case the blending percentage can be
revised.
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Biofuel implementation would require major collaboration with University of the West Indies agricultural
division, such that the selected feedstock crop would be best suited to local conditions. In the case of
coconut palms, hybrids must be selected and developed in order to maximize both yield per acre and
resistance to pests.

5.3 Current State of the Coconut Industry
Despite producing an average of 23,000 tonnes of coconuts annually between 1999 and 2002, Trinidad is a
net importer of vegetable oil. In 2010, the country imported $31.5 Million USD of fixed vegetable oils and
fats (UN Comtrade, 2010). This oil is predominantly used for food production, but also for the
manufacture of soap and cosmetics. There has been a movement away from locally produced coconuts
being used to meet the country’s vegetable oil demands - the majority of this current oil import figure
consists of soybean oil, which has dominated the market in recent times.
Over the past decade, the coconut industry has suffered from pest-borne diseases, negative marketing
from soybean interests and the resultant fluctuation in market prices. The major pest is the red palm mite,
which was first observed in Trinidad and Tobago in 2006. Red ring is another challenge as it is a pest
which affects young trees, and has seriously inhibited the success of past replanting efforts. Overall, pests
and diseases have resulted in dramatic losses in coconut yields from Trinidad’s estates between the 1970s
and today (Lakhansingh, 2012). See Figure 12. However, the government has already embarked on efforts
to revitalize the coconut industry in order to capitalize on the growing global demands for the fruit’s
water. This is evidenced by the Pepsi Cola Company’s acquisition of Brazil’s largest coconut water
company in 2009 (PepsiCo, 2011). An agricultural specialist from India was enlisted in early 2012 to
coordinate the efforts to eradicate coconut-affecting pests via biological agents. The development of a
biological solution is estimated to take one year, at which point the annual yield losses should begin to be
reduced (Bridglal, 2012).
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Figure 12 - Annual Copra Production Comparison. (Trinidad and Tobago Newsday, 2012)

Current market trends show that coconut oil in Trinidad is increasing in price as the product is being
accepted as having considerable health benefits. Expansion of the islands’ coconut industry will present an
ideal opportunity for symbiosis with a new biodiesel processing industry. Currently, there is a shortage of
coconuts for local coconut water demand as well as for feedstock for conversion to coconut oil. A large
percentage of the demand is met by imported product from Guyana, which has more available land and a
younger, more pest-resistant coconut stock. Thus, although many stakeholders claim that coconuts are too
highly in demand for them to be a viable feedstock for biodiesel, the case can be made that this demand
has not been enough to revitalize the local growing industry. If a sustainable market for local coconuts
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could be encouraged via the creation of a stable biodiesel demand, there would be added incentive for the
yields from pest-affected estates on the island to be improved. This would benefit both the potential
biodiesel producers and the existing coconut processing industry, and the two markets would provide a
measure of risk reduction for coconut producers.
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Figure 13 - Monthly Global Copra Prices (Index Mundi / World Bank, 2012)

As shown in Figure 13, copra prices have varied widely during the past decade. The latest figures available
show that the price paid for copra on the global market is approximately $1.00 USD per kg. Incidentally,
the price paid for copra in the Philippines is much lower, at approximately $0.42 USD per kg (J Elauria,
2008). The fact that copra will be produced locally means that the price per kg will be less affected by
global fluctuations, and production costs should be more similar to other, non-importing coconut growing
regions. In order to determine the pricing for copra used in this report, Guyana will be used as an
example. Guyana is the second leading coconut producer in the Caribbean region, with an annual
production of 59,000 tonnes (R.H. Singh, 2007). Approximately 90% of Guyana’s copra production is
absorbed by Trinidad and Tobago, and the average price paid by copra dealers in Guyana is $0.35 USD
per kg (Kaieteur News, 2012). Guyana and Trinidad in Tobago are close in terms of geographical
proximity, with their land borders approximately 200 kilometers away from each other. Due to similarities
in climactic conditions, labor costs and location, the methodology of this report shall assume that copra
can eventually be produced in Trinidad and Tobago at a price comparable to that achieved in neighboring
Guyana. However, for the purposes of performing economic analysis, it has been assumed that Trinidad
and Tobago’s production cost for copra will initially be 50% higher than Guyana’s. This is due to the fact
that the local coconut market has been relatively dormant, and Guyana has been the dominant force in the
region in terms of coconut and copra production. The economic model used in this report also assumes
that as Trinidad and Tobago’s industry matures, there will be an annual 1% improvement in operational
efficiency.
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Figure 14 - Map Showing Distance between Trinidad and Guyana

5.4 Waste Vegetable Oil
Waste vegetable oil collection occurs in Trinidad and Tobago, with the majority of restaurants contracted
to a single collection company. This company processes the waste vegetable oil on the island, and then
provides the product to an international broker for export. The collected cooking oil is not presently
converted to biodiesel – the refinement process results in a product called straight vegetable oil.
Discussions with the local company Eco Impact indicate that there is up to 1,000,000 liters of waste
cooking oil being collected from local restaurant chains on an annual basis, all of which is then exported
for international consumption. If this volume was dedicated to supplying feedstock to a local biodiesel
process, it could represent a significant portion of the overall volume required. In order to secure this
supply from local waste vegetable oil collectors, the biodiesel process would need to offer higher prices
than those currently offered by the international brokers; thus, some sort of incentive would need to be
provided. This is further explored in Section 6.2.

5.5 Impact on Engine Performance
The majority of research published on the effects of fuel substitution in Compression Ignition (CI)
engines shows that a small percentage by volume of conventional diesel can be replaced by biodiesel with
no modifications required to the engine. Studies have shown that a blend of up to 20% of vegetable oil
can be introduced to conventional diesel fuel in an unmodified engine without damage to the components
(Gaurav Dwivedi, 2011). There are a variety of other consequences which occur when conventional diesel
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is displaced by biodiesel. The same study estimates that there is a power reduction of 3-5% which occurs
when a 100% blend of biodiesel is used, and there is a similar percentage increase in fuel consumption.
However, for blends as minimal as what is being discussed in the context of Trinidad and Tobago, these
drawbacks will be imperceptible to the user.
Of more concern is the effect of fuel substitution on the engine’s parts in the long term. Biodiesel has a
different viscosity when compared to conventional diesel, and it has been widely reported that there is an
increased likelihood of engine fouling and sedimentation when vegetable oils are used. More recent studies
suggest that fouling can be attributed to oxidation which occurs during the conversion process to
biodiesel. If the process is properly performed and monitored, fuel fouling is no more likely to occur than
in conventional engines (Gaurav Dwivedi, 2011). Faulty conversion processing from vegetable oil to
biodiesel can also result in “bound” glycerin remaining in the fuel – this can result in clogging of injectors,
and will present an immediate challenge for vehicle owners. Up to one third of the biodiesel blending
facilities tested in the United States in 2006 were found to be producing fuel with unacceptable levels of
glycerin (Schmidt, 2007). Thus, it is imperative that any manufacturing facility in a developing country
should be subject to strict monitoring and regulation. Further concerns about the viscosity of biodiesel are
based on cold weather performance – some forms of vegetable oils require additives to prevent
solidification in lower temperatures. However, this will not be an issue since the biodiesel in this case is
intended for use in a tropical climate and will never approach temperatures which result in solidification.
The intention of this biodiesel initiative is to introduce a percentage blend into the local retail diesel
supply. This would not be marketed separately from existing diesel, and would not require additional
distribution infrastructure at the customer’s point of purchase. Consultations have been performed in
various worldwide markets, and it is widely accepted that allowing up to 5% by volume in the diesel
standard is consistent with international practice. In various developed countries, blending levels up to this
5% limit are generally considered acceptable to automobile manufacturers once the biofuel meets the
nation’s prescribed diesel standard, so engine warrantees are not affected (Department of Environment,
Australia, 2008). Other studies state that blends of up to 20% of biodiesel can be implemented with little
or no engine modification. The modular nature of a biodiesel conversion facility means that the
percentage of blended biofuel could be increased in the future, as the market acceptance increases and
conversion technology develops.
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6 Results
The results of the scenarios considered shows that Trinidad and Tobago can achieve significant savings if
this biodiesel initiative is implemented. In terms of annual savings, the results assume that the
international market rate for petrodiesel is $0.90 USD. The economic model goes on to assume that
operational efficiency of the overall production will improve by 1% every year for ten years as the industry
matures. When these figures are considered, the potential annual savings over the 10 year period are as
follows:
Biodiesel
Displacement
Percentage Scenario
1%
2%
5%

Average Savings Over
10 year Period (USD)
$233,300
$911,220
$2,905,000

Percentage of
Total Land Area
Required
0.39%
0.85%
2.22%

Table 1 - Average Annual Savings Over 10 Year Period

Since these figures are simple averages, the net profits calculated are much higher during the latter portion
of the time period considered. The equation used to estimate the average savings is as follows:
∑
This is because as the local industry matures, it is assumed that operational efficiency will improve. More
detailed economic analysis is included in the following sections. Table 1 also shows the percentage of the
island’s overall land area which would be required for feedstock agriculture for each of the three scenarios.
These results show that there is the potential for significant reduction in government expenditure if this
biodiesel initiative is implemented, and that the required land area is not unrealistically large when
compared to other nations pursuing similar programs.

6.1 Capital Costs
Capital costs involved include all equipment necessary for the processing of high moisture copra into
CME biodiesel. The price includes estimates for hybrid (solar and thermal) dryers, which would utilize
both sunlight and waste coconuts husks for fuel. This sort of locally based drying technology not only
creates additional industry and employment, but also adds as much value as possible to the process. This is
essential if Trinidad and Tobago is to compete with copra prices achieved in Guyana. In order to extract
crude coconut oil from the dried copra, an oil extruder is required. The coconut oil is converted to CME
biodiesel by the biodiesel processor. In order to perform a budgetary analysis, indicative pricing has been
acquired for such equipment. Depending on the percentage replacement scenario being considered, a
varying number of modular, 20,000 liter per day processing units will be required.
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5% Displacement

2% Displacement

1% Displacement

Item Description
Biodiesel
Processor
Oil Seed Press /
Extruder

Item Price

QTY
Required

Total

QTY
Required

Total

QTY
Required

Total

Source

$650,000

5

$3250,000

2

$1300,000

1

$650,000

$1002,000

5

$5010,000

2

$2004,000

1

$1002,000

Green Fuels UK
Insta Pro
Presses

Drying Facilities

$250,000

5

$1250,000

2

$500,000

1

$250,000

Estimate

Civil and Building
Works

$250,000

5

$1250,000

2

$500,000

1

$250,000

Estimate

$10,760,000
$4,304,000
$2,152,000
Table 2- Capital Costs for Various Displacement Scenarios. All figures in USD.

6.2

Operational and Maintenance Costs

Operations and maintenance costs for the biodiesel processing facility have been estimated. In order to
provide a conservative estimate, a figure of 5% of the initial capital investment has been used to estimate
the annual operations and maintenance costs. Salaries are calculated separately, and assume that each
modular processing plant will employ 10 skilled individuals. Electricity costs have been estimated by using
the 50 kWh per tonne requirement provided by the processor manufacturer. Trinidad’s industrial
electricity tariff of $0.028 USD per kWh has been applied (Ministry of Energy and Energy Industries,
2007). Catalyst and chemical costs have been estimated using the 1% by volume of oil processed
requirement multiplied by the global cost for Potassium Methylate. The Waste Vegetable Oil will be
purchased from existing local suppliers – in order to match the price paid by international WVO brokers
and exporters, a price of $0.40 USD per liter must be provided.
Operational and Maintenance Costs

Description
Electricity Cost (Processor)

5% Displacement

2% Displacement

1% Displacement

Annual Cost

Annual Cost

Annual Cost

$43,596

$16,600

$7,602

Comment
50kWh per tonne x
11,587 tonnes CME x
0.028 USD/kWh

Electricity Cost (Oil Press)

$124,639

$49,855

$24,928

Salaries (10 skilled employees per
module)

$3125,000

$1250,000

$625,000

Operations and Maintenance

$538,000

$215,200

$107,600

5% of Capital Costs

Catalyst and Chemical Costs

$500,000

$200,000

$100,000

Water-free process

Annual Waste Vegetable Oil Costs

$436,032

$436,032

$436,032

@ 0.40USD per litre of
WVO

Transportation

$250,000

$100,000

$50,000

Utilities

$25,000

$10,000

$5,000

Rental

$25,000

USD 10,000

$5,000

$5,067,266

$,2277,688

$1,361,162

Total Annual Costs

Table 3 - Operational and Maintenance Costs for Various Scenarios. All figures in USD

6.3 Raw Material Costs
In order to estimate cost per liter of crude coconut oil, a conversion factor from copra to crude coconut
oil has been applied. This conversion factor is 1.4, based on the copra yields per coconut discussed in
Section 5.1. For the initial analysis, it has been assumed that copra can be produced at a 50% premium
when compared to the established Guyanese market. Eventually this figure will reduce as expertize is
improved in the local context. Costs per gallon of methanol and Potassium Methylate (KOH) have been
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derived from daily global prices. The ratio of crude coconut oil to methanol and catalyst has been
obtained from the biodiesel processor manufacturer literature (Green Fuels UK, 2011). The results show
that CME biodiesel can be produced at a cost of $0.69 USD per liter. It should be noted that the recent
stated cost per liter of CME biodiesel in the Philippines was approximately $0.84USD. This report has
assumed that Trinidad and Tobago can access copra at a price comparable to that paid in Guyana, and
that the conversion process will be more efficient and cheaper than what is currently seen in the
Philippines.

Raw Material Cost

Description

Price

Source

Cost per litre of CCO

USD 0.74

Derived from 1.4 kg copra/litre CCO, and assuming that
copra is 50% more expensive than Guyana

Cost per litre of Methanol

USD 0.35

Methanex.com

Cost per litre of KOH

USD 1.00

Ratio of CCO

87%

Ratio of Methanol

12%

Ratio of KOH

Green Fuels UK

1%

Raw Materials Price per litre of CME

USD 0.69

Table 4 - Raw Material Costs for Biodiesel Production. All figures in USD

6.4 Net Present Value (NPV) and Internal Rate of Return
(IRR) Results
The following calculation estimates the payback period for the initiative. This compares the price per liter
of locally produced CME relative to the price per liter of petrodiesel on the international market. When
this difference is multiplied by the liters consumed annually, the gross profit value is obtained. The net
profit is calculated by subtracting the annual expenditure from the fuel savings. For the purposes of
comparing the various scenarios, Net Present Value (NPV) and Internal Rate of Return (IRR) values have
been calculated. The “Waste Vegetable Oil Only” scenario considers no coconut feedstock, only WVO
collected from local restaurants. The calculation includes salvage value of the processing unit at the end of
the estimated lifetime, as well as an annual depreciation value. More detailed financial analysis for each
scenario can be seen in Appendix 1.

Scenario
5% Displacement
2% Displacement

Net Present Value
(NPV)
USD 9,454,736
USD 2,099,131

Internal Rate of
Return (IRR)
21.5%
15.4%

1% Displacement
WVO Only

-USD 442,205
-USD 730,064

4.7%
-

NPV Payback
Period
5 years 10 months
7 years 8 months
14 years, 6
months
-

Table 5 - NPV and IRR Values for Varying Scenarios

The results show that the displacement size is not linearly related to payback period. This is because the
WVO value remains constant based on the supply from local restaurants. Therefore, lower priced WVO
represents a larger proportion of the total displacement in the 1% scenario as opposed to in the 5 %
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scenario. However, the results also show that in order for this investment to return a positive Net Present
Value, more than a 1% displacement value is required. The incremental unit considered in this analysis is
1%, since this corresponds to the approximate production capacity of each processing unit (20,000 liters
per day). As such, in order for this initiative to be financially feasible, a minimum biodiesel displacement
percentage of 2% must be implemented.

6.5 Land Use Requirements
Table 6 shows the estimated land area required to displace various percentages of the conventional diesel
used annually in Trinidad and Tobago. The crop yields used in the table are based on the typical local
coconut palm figure of 7,000 nuts per tree per year, with approximately 150 trees planted per hectare. The
estimates used in this report provide a yield of approximately 4.2 tonnes of copra per hectare per year.
This figure is realistic when compared to yields derived from coconut estates using hybrid varietals of
coconuts in various locations around the world. Modern selection and fertilization techniques have
resulted in yields of between 4.0 and 4.5 tonnes of copra per hectare in the Philippines, and up to 6.5
tonnes of copra per hectare in the Ivory Coast (Ohler, 1999).
There are a number of opportunities for increasing yields from existing coconut estates without
encroaching on existing forest cover on the islands. As recently as 2003, Trinidad and Tobago produced
23,000 tonnes of coconuts (R.H. Singh, 2007). This production rate has been highly affected by diseases,
and efforts are underway regarding the provision of a biological solution.

Scenario
1% Displacement
2% Displacement
5% Displacement

Land Area
Required
(hectares)
1989
4343
11,406

Percentage of
Overall Land
Area
0.39%
0.85%
2.22%

Table 6 - Land Requirements for Various Scenarios

The combined factors of improved yield per hectare due to improved pest-control techniques as well as
emphasizing the potential for increased value through coco-methyl production can be used to revitalize
the existing coconut plantations. The percentage of total land area required for feedstock production seen
in Table 6 can be compared to the percentage of total land mass dedicated to palm oil plantations in
Malaysia, which was 10% as of 2005 (K.T. Tan, 2007).
A market for coconut oil intended for biodiesel conversion can create a new, stable demand for the
industry, while at the same time providing a portion of the vegetable oil feedstock for the diesel
displacement target. As discussed in Section 5.3, the government has increased its attention regarding the
coconut industry in an attempt to benefit from the increasing global interest in coconut water.
In the event that improved yields from existing coconut land do not meet the requirement for biodiesel
production, additional land will be required. The collapse of the state-run sugar industry in Trinidad
resulted in thousands of hectares of agricultural land being abandoned and left under the control of the
government. The Ministry of Agriculture has stated that it intends to make a portion of the 40,000 acres
of former sugar cane land available for the revitalization of the coconut industry specifically (Hassanali,
2012). Thus, it can be seen that the government is actively seeking interested parties to invest in the
coconut industry, and to utilize currently unused agricultural land. This is a fortuitous situation for this
type of biodiesel proposal, since there is both available land and potential for widespread economic
development.
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6.6 Carbon Emissions Reduction
Emissions reduction achieved by the replacement of petrodiesel with coconut-derived biodiesel can be
quantified using a methodology currently approved by the UNFCCC. This methodology is applicable
since this biodiesel initiative meets the criteria prescribed - in particular, the initiative does not intend to
use land acquired via deforestation, and the amount of fertilizer required has been estimated based upon
empirical data (Parker F. Pratt, 1981). The following methodology is based upon UNFCCC AMS - III.T:
Plant Oil Production and Use for Transport Applications.
(1)
Where:
= Project emissions from plant oil production of coconut (tCO2e/ton coconut produced) per year
= Project emissions of N2O in cultivation of coconuts per year (tCO2e)
= Project emissions from energy use for coconut / copra processing (pressing, filtering) per year
(tCO2)
= Harvest of coconut per year (tonnes)
= Oil yield from coconuts (tonne oil / tonne crop)
Project emissions from energy use for processing in this scenario are comprised of the electricity used to
operate the biodiesel processing machine, as well as the liquid diesel fuel used to operate the oil seed
presses and extractors and to transport both the coconut crop and the processed biodiesel. The
calculations assume that biodiesel will be transferred from the processing facility to the centralized
distribution hub via diesel-driven tanker trucks. An estimate for the amount of diesel consumed for this
process is included.
Thus:
∑

(2)

Where:
= Electricity consumption in processing coconuts per year (MWh)
= Emissions factor for grid electricity supplied to project plant (tCO2e/MWh)
= Consumption of diesel used in transportation and to operate the oil seed presses ans
extractors (tonnes)
= Net Calorific Value of Diesel (GJ/tonne)
= Emissions Factor of Diesel (tCO2/GJ fuel)
The methodology requires that a figure for the N2O emissions associated with the cultivation of the plant
oil be determined. This figure is an amalgamation of the total amount of Nitrogen product entrained in
both organic and artificial fertilizers applied to the coconut plant:
[

]

(3)
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Where:
= Amount of organic fertilizer Nitrogen applied to coconut crops per year (tonnes)
= Amount of synthetic fertilizer Nitrogen applied to coconut crops per year (tonnes)
= N2O emission factor for emissions from Nitrogen inputs (tonne N2O-N / tonne N
input). A default value of 0.01 is used for this calculation in accordance with approved Methodology AMS
– III.T and 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4.
= Global Warming Potential of N2O (tCO2e/tN2O). A value of 310 is used in Methodology
AMS – III.T.
In order to obtain baseline values, the amount of diesel which would be expected to be consumed in the
absence of the biodiesel initiative must be calculated:
∑

(4)

Where:
= The amount of diesel which would have been consumed in the absence of this biodiesel
initiative (tonnes)
= Net Calorific Value of coconut derived biodiesel (GJ/m3)
= Net Calorific Value of petrodiesel (GJ/m3)
= Amount of coconut derived biodiesel consumed per year (tonnes)
The total baseline emissions are calculated as follows:
(5)
Where
= Baseline emissions in a given year (tCO2e)
Finally, the emission reduction achieved by the implementation of biodiesel blending is calculated as
follows:
(6)
Where
= Overall emission reductions in a given year
These calculations result in emissions reductions as follows:
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Emissions
Reduction (tonnes
CO2 per year)
14,540
28,622
70,869

Scenario
1% Displacement
2% Displacement
5% Displacement

Table 7 - Potential Emissions Reductions
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7 How to Implement the Initiative
Trinidad and Tobago also does not have a well-defined, long term renewable energy policy, which means
that potential businesses or investors are not equipped to assess the feasibility of their proposals. This sort
of initiative would be a first step for the country, and thus government support would be necessary for
success. As such, potential policy instruments, sources of funding and infrastructure are discussed below.

7.1 Renewable Fuel Standards
The most prevalent form of policy instrument used worldwide to promote and support the biodiesel
industry is the introduction of a renewable fuel standard, which mandates that a certain percentage of
biofuel be blended with conventional fossil fuel (Coyle, 2007). This sort of mandatory minimum blending
percentage is already practiced in various countries, and has the effect of creating a stable, predictable
market for the biodiesel industry. This policy is preferable to biofuel subsidies, which will require an
additional degree of government oversight and bureaucracy on a financial level.
An added benefit of a minimum blending renewable fuel requirement is that this instrument is not
technology specific. As biofuel processes continue to develop, the mandatory minimum percentage can be
met by the most efficient, cost-effective method. In the case of the United States, the existing subsidies
and incentives meant to encourage ethanol production are largely focused on corn producers. It can be
argued that this incentive structure has created undesirable externalities in the market, since U.S. corn and
wheat prices have major impacts on food prices around the globe. Additionally, it is well documented that
the corn ethanol process preferred by the U.S. results in an inferior net energy ratio when compared to
other processes, such as Brazilian sugar cane conversion. Although sugar cane may not be as suitable for
American soil, the corn subsidies have essentially locked the United States into dependence on this
particular feedstock for their ethanol production. This can be used as an example for future energy policy
development, since the ideal situation would be for any given country to be flexible enough to utilize the
conversion processes which is most efficient and beneficial for their particular situation.
In the context of Trinidad and Tobago, a Renewable Fuel Standard (RFS) which mandates a minimum
blending percentage would be the preferred policy instrument. The diesel production is performed by one
entity (Petrotrin), as is the nationwide distribution (National Petroleum), which means that there is the
ideal situation for monitoring and implementation of a blending initiative.

7.2 Quotas and Minimum Pricing Structures
The production costs determined during the course of studies from Malaysia and the Philippines suggest
that it is indeed possible for biodiesel to be produced for less than the international market price for
diesel. As stated in Section 5.3, Trinidad and Tobago is a net importer of vegetable oils. If a biodiesel
industry is to be enabled, some form of government assistance would be required. This could be in the
form of production quotas for biodiesel producers, which would guarantee that a certain amount of
product would be purchased at a certain price. In this way, coconut growers would retain the option to
sell product to either biodiesel producers or to existing coconut-oil based manufacturers. Offering quotas
and minimum pricing schemes would lend a level of assurance to producers, thus enabling them to make
the necessary investments for increased production yields. The ultimate objective is for the biodiesel
market to be economically self-sustaining without the requirements for government subsidies.
As stated above, any initiative toward increased sustainability in Trinidad and Tobago is largely driven by
economic factors. This is likely to be the case in many developing countries, which will be unwilling to
hinder GDP growth and perceived development in the interest of sustainability and environmental
benefit.
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7.3 Infrastructure Requirements
The implementation of this initiative benefits from the fact that there is a system of centralized
distribution, and there is one major liquid fuels supplier in the form of the National Petroleum company.
Despite concerns about volatility in existing pipeline distribution, biodiesel has a lower flashpoint than
conventional diesel which theoretically makes it safer to transport and handle. Additionally, biodiesel can
be stored in the same locations as petroleum-based diesel, which reduces the amount of infrastructure
required for the initiative (N.N.A.N. Yusuf, 2010). The United States has recently implemented the
National Biodiesel Accreditation Commission, which is responsible for ensuring that all companies
supplying biodiesel meet international requirements for fuel suitability (S. Mekhilef, 2010). The example
equipment proposed by this study is able to provide biodiesel in accordance with international standard
ASTM D6751, which is the same standard required by the accreditation commission. These combined
factors mean that a percentage of biodiesel can be introduced prior to regional distribution, and there can
be rigorous monitoring to ensure that the fuel standards are adhered to.

7.4 Funding and Project Economics
In terms of private sector initiatives, the government has attempted to encourage parties to invest in
ecologically beneficial activities. The Finance Act of 2000 established a 0.1% levy on the gross sales or
receipts of all companies conducting business in Trinidad and Tobago (United Nations Environment
Program, 2000). These levies are amalgamated into the “Green Fund”, which is intended for distribution
to groups performing activities involving reforestation or conservation of the environment. However,
discussions with local environmental advocates have revealed that grants from this fund have only been
disbursed 3 times in the 12 year history of the program. This is despite the fact that many applications
have been made by various private groups and non-governmental organizations.
This biodiesel initiative has the potential to save the local government a significant amount of money due
to the fact that the annual operation cost of the processing plant will be less than the amount paid as
subsidy for the same amount of conventionally produced diesel. This will be advantageous in terms of
project funding, since there will not be a need for a long term loan from any external parties – the payback
period for this sort of project is attractive, as seen in Section 6.4. Ideally, the government would be
involved in the structuring and implementation of the necessary incentives and policies in such a way that
the private sector will be motivated to invest. Additionally, it is important that there is a strict quality
monitoring system so that consumer confidence is not affected by poor quality biodiesel.

7.5 The Future Potential for CDM
As a developing country, CDM is applicable to Trinidad and Tobago and can allow developed countries to
provide technological of financial assistance in return for the provision of carbon credits. The CDM is a
mechanism of the Kyoto Protocol which allows developed countries to assist in carbon reduction
measures in developing countries while counting towards the reduction of the developed countries’
emissions. A key criterion of CDM suitability is the establishment of additionality. This basically
determines whether the CO2 emissions would have occurred independent of the proposed project
activity. In the context of this report, proving additionality is challenging since some of the proposed
project scenarios show financial feasibility even without the assistance of CDM. Implementing CDM
within a given project results in additional transaction costs – these include establishment of a baseline
scenario, proving additionality, and monitoring and validation of the project’s suitability (Silveira, 2011).
For the purposes of this biodiesel project, additional capital costs related to CDM vary between $35,000
and $80,000 USD.
CDM implementation requires analysis of barriers affecting the feasibility of the project. Relevant studies
include barrier and investment analysis, as well as determining the consistency of the project with local
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laws and regulations. In terms of investment analysis, economic estimates for the project activity show
that the initiative is financially attractive whether or not CDM is implemented; the 2% and 5% biodiesel
blending will result in internal rates of return considerably higher than the 8% interest rate offered as an
example of what would be received from a local bank or investment firm. However, CDM could be
extremely beneficial in terms of overcoming some of the barriers unique to developing countries, in that it
can enable foreign parties to lend expertise in terms of financing since local banks and financiers may not
be as versed in the potential returns related to a biodiesel initiative. Additionally, there is the possibility of
technology transfer and workforce training which can be provided by the developed country partner.
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8 Social and Environmental Impacts
Trinidad and Tobago has been more fortunate than some surrounding islands in that there has never been
a well-established logging industry, so a large amount of the indigenous rainforest has remained intact.
Ecotourism is an emerging market for the island, so any attempts at biodiesel introduction must be
partnered with an awareness of the land use challenges. The local environmental movement is well
established and motivated, and has managed to disrupt plans for several multi-billion dollar industrial
projects. This includes an aluminum smelter proposed in 2007, as well as numerous chemical conversion
facilities. The strength of this movement can be beneficial if education on the benefits of biodiesel
introduction can be properly related to the affected communities and the public in general.

8.1 Environmental Concerns
Questions regarding the sustainability of biofuel implementation will have to be addressed if the initiative
is to gain public acceptance. The decision to propose coconut as a feedstock is primarily for the
environmental benefits the crops can provide; since the industry is already established on the island there
will be minimal biodiversity loss associated with conversion to biofuels. It is believed that coconuts were
originally introduced to the island from Africa when a European trading ship capsized near the
Southeastern coast. Since then, the crop has thrived in the region’s sandy soil. However, the susceptibility
of the traditional coconut plant to pests and diseases means that there is major potential for
improvements in yield. The intention is for these improvements to existing coconut agricultural land to
account for the majority of the feedstock used in the biofuel process. This will mean that there will not be
the need for conversion of indigenous rainforest or peatland to coconut estates. This will improve the
carbon emissions attributed to the entire life cycle of the process since peatland degradation is a major
concern in some of the Southeast Asian palm oil producing countries.
Although Malaysia is located closer to the equator than Trinidad and Tobago, climactic conditions in the
two countries are relatively similar. Malaysia experiences slightly more rainfall, and undergoes two
monsoon seasons per year, whereas Trinidad undergoes a 6 month dry season and a 6 month rainy season.
Trinidad rarely experiences major hurricanes, since the island is located slightly south of the Atlantic
hurricane belt.
Malaysia’s energy scenario is similar to Trinidad and Tobago’s, in that the government provides subsidized
fuel to the overall population. However, it is predicted that Malaysia’s oil reserves are only adequate to
meet domestic needs for the upcoming 20 years at the current rate of extraction (Gregore Lopez, 2008).
Palm oil is a well-developed industry in Malaysia, having been a major part of the agricultural sector since
the days of British colonialism. This knowledge of palm oil agriculture, as well as the finite nature of the
country’s oil reserves, means that Malaysia has had major incentives to diversify their energy sources.
Trinidad’s fuel subsidy represents 3.5% of the country’s overall GDP, which is at least double the
percentage that the subsidy figure has represented for Malaysia in any year since the year 2000 (Gregore
Lopez, 2008).
The motivation for the two countries to diversify their energy mix are somewhat overlapping in that the
fuel subsidy is a major concern. The growth of the biodiesel industry in Malaysia is beneficial to all
developing countries, in that the example can be used to provide lessons for future scenarios. In the
Malaysian case, the promotion of palm oil as an export product as well as a means of alleviating rural
poverty has meant that the growth of the industry has had detrimental effects on the indigenous
vegetation. In order to expand production, forests and agricultural land earmarked for other crops have
been re-dedicated to the growth of oil palm plants.
In 2008, the Malaysian Government stated that permanent forest reserves could no longer be cleared for
plantations, but forest land already zoned for agriculture could still be converted for oil palm agriculture
(Mongabay.com, 2008). The majority of the palm oil plantations are managed by private corporations, and
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clearly the government has struggled to control the expansion of the industry. As such, palm oil is often
criticized as being unsustainable since so much of the feedstock is sourced from plantations which have
displaced indigenous rainforest; indeed, between 1990 and 2005, almost 60% of the land used for oil palm
plantation expansion in Malaysia was previously forested area (Lian Pin Koh, 2008). As one of the leading
worldwide producers of palm oil, the overall image of the product from an ecological standpoint is largely
based on to the practices performed in Malaysia. Additionally, Oxfam estimates that high food prices
attributed to global biofuel production have caused up to 30 million people to fall into poverty and to
jeopardize the livelihoods of 100 million people (Oxfam, 2008).
Any developing countries, particularly islands with limited available land, would be well served to consider
Malaysia’s case as an example. The Malaysian oil palm market is dominated by exports to the EU and
other developed countries; approximately 75% of all biodiesel produced was exported in 2007 (Gregore
Lopez, 2008). As such, domestic penetration of any form of biodiesel has been extremely limited, and the
government has so far failed to implement its plans to introduce a 5% biodiesel blend into the diesel
supply. The price paid for feedstock is subject to international market fluctuation, and is highly dependent
on the incentives and subsidies offered by foreign governments.
The drivers for promoting a biodiesel initiative must be clearly defined since the environmental factors
often do not align with the market forces. In the context of Trinidad and Tobago, any feedstock
agriculture would need to be closely monitored. Ideally, standards would be set by an experienced, global
organization similar to the Roundtable on Sustainable Palm Oil, which defines the best practices for the
supply chain and the conversion process. For a pilot project, these standards could be further improved
via collaboration with the Ministry of Agriculture, as they would be best able to define what land would
have the least effect on food production. A strictly monitored system based on the allocation of marginal
or underutilized land could prevent most of the challenges seen in export driven markets like Malaysia and
Indonesia, since feedstock from illegal plantations would not be integrated into the supply chain. Any
system proposed in the context of a developing island should not be subject to an open market, as this
could threaten the country’s biodiversity as well as food prices.

8.2 Potential for Rural Employment
A major incentive of this initiative is that the government stands to reduce their expenditure due to
reduced subsidy payments, while at the same time fostering a new employment base in rural areas. As
mentioned in Section 1.1, the HDI ranking in Trinidad and Tobago is above the regional average.
However, within the country itself there is marked differentiation between the geographical regions;
Figure 15 shows the indexes for various parts of the country. The existing, degraded coconut estates
targeted for feedstock production are located in the Southeastern region of Mayaro, and as shown, this
district is ranked lowest in the country in terms of HDI. The jobs created by a new form of agriculturalbased industry would directly benefit the region most in need of increased income and employment
opportunities.
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Figure 15- Human Development Index by Administrative Area. Source: UNDP

There is the potential for the biodiesel industry to provide a large number of jobs, involving both skilled
and unskilled labor. In order to determine the amount of unskilled estate labor that will be required by
such a venture, the Ladang Labu estate in Malaysia is used as an example. Although this estate produces
palm oil instead of coconut oil, it can be assumed that the labor intensity will be similar. This 2600 hectare
estate employs 333 laborers, with roughly half being involved in direct harvesting activities (International
Labour Organization, 1994). This means that if the 2% displacement scenario is considered in the context
of Trinidad and Tobago, which would require approximately 4,343 hectares, there is the potential to create
550 jobs.
Once the coconuts are harvested, the drying process also requires a workforce. The drying process will
involve solar – thermal combined technology, which is relatively labor intensive when compared to purely
mechanized drying. Each biodiesel processing facility will require skilled mechanics and technicians for
operations and occasional maintenance. For the purposes of this report, it has been assumed that each
biodiesel processing facility will require a workforce of 10 people. Thus, implementation of this biodiesel
initiative will not only increase agricultural employment in rural areas of Trinidad and Tobago, but it will
also increase the demand for skilled labor. An initiative such as this one can also create a “floor price” for
coconuts, in that a constant demand will guarantee a minimum income for farmers and laborers who
produce the crop.
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9 Limitations of the Study
This study attempts to show that locally produced biodiesel can be economically and socially beneficial to
the country. However, the economic analysis is based on the cost of copra production in the neighboring
country of Guyana. The cost of copra production in Trinidad and Tobago is unknown, since the
production rate has dropped drastically during the past several decades. As stated above, Trinidad is the
major importer of Guyana’s copra, and the majority of coconuts used for coconut oil conversion are also
sourced from Guyana. Thus, a limitation of the study is that the system boundaries are limited to Trinidad
and Tobago. If coconuts and or copra can be produced at the same price as Guyana, then there is the
likelihood that the product will be utilized by the local downstream processors, such as the Coconut
Growers Association. The argument will be made that since the CGA is producing a variety of products,
including edible oils, then the coconuts with the lowest available price should be prioritized for their
purposes. This point is especially pertinent in the context of the global debate surrounding biofuels and
rising food prices. Additionally, if the production price in Trinidad and Tobago approaches that of
Guyana, then the country’s crop will become attractive to exporters. There are a variety of market forces
which will affect what coconuts are used for, even if the case is made that the biodiesel industry is
financially beneficial to Trinidad and Tobago. As such, the success of this initiative depends on the
provision of financial instruments by the government. Tariffs and excise duty exemptions are examples of
what could be implemented to ensure that additional coconut yields are utilized for biodiesel processing.
Additionally, there will be a requirement for irrigation of crops during the agricultural process. Water
usage figures for Guyanese coconut plantations are not available, and most global figures quoted only
provide a per year rainfall requirement. Water availability for coconut growth has not traditionally been a
challenge for farmers in the Southeast of the island, but improved yields may require more advanced
irrigation and fertilization techniques. As such, estimates for water usage have not been considered in this
report.
Some information which would have been useful in terms of proving the validity of this project’s
methodology was unavailable or simply outdated. For example, the values used for domestic electricity
consumption in Figure 5 were only available from the period 1991 to 2004. More recent figures would
have helped to understand the current pattern of consumption, but these have not been released by the
Central Statistical Office or the Electricity Commission. Similarly, the Ministry of Agriculture is not in a
position to state how many hectares of land on the island are currently used for coconut production.
Despite these limitations, the figures used for the analysis are both realistic and conservative, so the results
obtained from this report can be used to guide efforts toward a biodiesel initiative.
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10 Conclusion
The results of Section 6.4 show that in order for this proposal to be economically attractive, a biodiesel
displacement figure of at least 2% must be targeted. However, the results also show that at this level of
displacement, there is the potential for the country to reduce expenditure by between $0.5 and $1.3
Million USD per year for the first 10 years, depending on the level of operational efficiency attained. At a
displacement figure of 5%, the potential annual savings range from $1.9 Million USD in the first year to
$3.9 Million USD by the final year. The land requirement analysis also shows that this level of
displacement can be achieved without seriously affecting the current agricultural situation. Of course, the
success of this type of proposal is dependent on whether the pest problems currently reducing coconut
production can be remedied. This is already being progressed by government agencies, and if a sustainable
market for coconuts for biodiesel production can be guaranteed this would add further motivation for
revitalization of the industry. This report shows that economic gains can be achieved if biodiesel
production and blending are implemented.
Improving the sustainability profile of any country can be challenging – this is evidenced by the slowerthan-expected progress observed by most countries and the overall global reluctance to commit to legally
binding emissions reduction targets. Although admirable progress has been made in the EU, successful
technologies and policies implemented in those environments may not be applicable to developing
countries, where the challenges involved in breaking away from the established infrastructure of fossil fuel
based transportation and electricity generation can seem almost insurmountable. The key to the success of
renewable energy initiatives in these cases will be to propose solutions that make sense in the context of
the country, and which can be proven to be economically viable. In this regard, the production of
biodiesel from an existing feedstock is an ideal way forward for renewable energy in Trinidad and Tobago,
since it shows that there is potential for reduction in government expenditure while at the same time
benefitting the welfare of the country’s inhabitants.
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1 Appendix 1

Year
Capital
Outlay

1

2

3

4

5

6

7

8

9

10

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$10,760,000

Target Price
Raw
Materials
(CME)

$0.69

$0.69

$0.68

$0.67

$0.66

$0.66

$0.65

$0.64

$0.64

$0.63

Gross Profit
Annual
Expenditure

6,957,945

7,189,416

7,418,572

7,645,436

7,870,031

8,092,381

8,312,507

8,530,432

8,746,178

8,959,766

5067,266

5067,266

5067,266

5067,266

5067,266

5067,266

5067,266

5067,266

5067,266

5067,266

Net Profit
NPV Net
Profit

1,890,679

2,122,150

2,351,305

2,578,170

2,802,765

3,025,115

3,245,241

3,463,166

3,678,912

3,892,500

1,750,629

1,819,401

1,866,542

1,895,032

1,907,515

1,906,336

1,893,567

1,871,041

1,840,372

1,802,981

717,333

717,333

717,333

717,333

717,333

717,333

717,333

717,333

717,333

717,333

Interest Rate

8.0%

NPV
Payback
Period

5 years 10
months

Depreciation
per annum
Lifetime

15

years

Salvage
Value
NPV
Salvage
Value

3,586,667
1,661,321

Total NPV
IRR

AVERAGE

9,454,736
21.5%

Table 8 - Economic Analysis for 5% Displacement Scenario
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2,905,000

Outlay

1

2

3

4

5

6

7

8

9

10

Target Price

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

Raw
Materials
(CME)
Annual
Expenditure

$0.69

$0.69

$0.68

$0.67

$0.66

$0.66

$0.65

$0.64

$0.64

$0.63

$2,277,688

$2,277,688

$2,277,688

$2,277,688

$2,277,688

$2,277,688

$2,277,688

$2,277,688

$2,277,688

$2,277,688

$505,490

$598,078

$689,741

$780,487

$870,325

$959,265

$1,047,315

$1,134,485

$1,220,783

$1,306,219

$468,047

$512,756

$547,539

$573,681

$592,328

$604,499

$611,098

$612,927

$610,696

$605,032

$286,933

$286,933

$286,933

$286,933

$286,933

$286,933

$286,933

$286,933

$286,933

$286,933

Average

$4,304,000

Net Profit
NPV Net
Profit
Interest Rate
NPV
Payback
Period
Depreciation
per annum
Lifetime
Salvage
Value
NPV
Salvage
Value

8.0%

7 years 8
months

15

years
$1434,667
$664,528

Total NPV
IRR

$2,099,131
15.6%

Table 9 - Economic Analysis for 2% Displacement Scenario
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$911,219

Outlay
$2152,000
Target Price
Raw
Materials
(CME)
Gross Profit
Annual
Expenditure
Net Profit
NPV Net
Profit
Interest Rate
NPV
Payback
Period
Depreciation
per annum
Lifetime
Salvage
Value
NPV
Salvage
Value

1

2

3

4

5

6

7

8

9

10

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.90

$0.69
$1391,589

$0.69
$1437,883

$0.68
$1483,714

$0.67
$1529,087

$0.66
$1574,006

$0.66
$1618,476

$0.65
$1662,501

$0.64
$1706,086

$0.64
$1749,236

$0.63
$1791,953

$1361,162
$30,427

$1361,162
$76,721

$1361,162
$122,553

$1361,162
$167,925

$1361,162
$212,845

$1361,162
$257,315

$1361,162
$301,340

$1361,162
$344,925

$1361,162
$388,074

$1361,162
$430,792

$28,173

$65,776

$97,286

$123,430

$144,858

$162,152

$175,829

$186,352

$194,134

$199,540

$143,467
years

$143,467

$143,467

$143,467

$143,467

$143,467

$143,467

$143,467

$143,467

$143,467

8.0%
14 years,
6 months
15

$717,333
$332,264

Total NPV
IRR

-$442,205
4.7%

Table 10 - Economic Analysis for 1% Displacement Scenario
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Average

$233,292

5%

Source

Percentage of Copra represented by crude coconut oil
(by weight)

65.00%

http://coconutboard.nic.in/oil.htm

Percentage of coconut represented by copra (by
weight)

40.00%

Elauria, 2008

Density of Coconut Oil

kg/litre

Elauria, 2008

Annual volume of biodiesel required

34032,420

0.915

litres

Franco, 2011

Annual Mass of biodiesel required

31139,664

kg

Annual Mass of Copra required
Annual Mass of coconuts required
Mass of 1 coconut
Number of coconuts required

47907,176

kg

119767,940

kg

1.5

kg

Elauria, 2008

7,000

nuts

CGA

2730

kg/hectare/yr

79845,293

Trees Required

1437,215

Typical yield per hectare per year
Yield
Percentage of Total Land Area

2.22%

Hectares required

11,406

hectares

Table 11 - Land Use Calculations for 5% Scenario
2%

Source

Percentage of Copra represented by crude coconut oil
(by weight)

65.00%

Percentage of coconut represented by copra (by
weight)

40.00%

Density of Coconut Oil

0.915

http://coconutboard.nic.in/oil.htm
Elauria, 2008
kg/litre

Elauria, 2008
Franco, 2011

Annual volume of biodiesel required

12958,920

litres

Annual Mass of biodiesel required

11857,412

kg

Annual Mass of Copra required

18242,172

kg

Annual Mass of coconuts required

45605,430

kg

Mass of 1 coconut

1.5

kg

Elauria, 2008

Trees per hectare

150

7,000

nuts

CGA

2730

kg/hectare/yr

Number of coconuts required
Trees Required
Typical yield per hectare per year
Yield
Percentage of Total Land Area
Hectares required

30403,620
547,265

0.85%
4343

hectares

Table 12 - Land Use Calculations for 2% Scenario
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1%

Source

Percentage of Copra represented by crude coconut oil
(by weight)

65.00%

http://coconutboard.nic.in/oil.htm

Percentage of coconut represented by copra (by
weight)

40.00%

Elauria, 2008

Density of Coconut Oil

kg/litre

Elauria, 2008

Annual volume of biodiesel required

5934,420

0.915

litres

Franco, 2011

Annual Mass of biodiesel required

5429,994

kg

Annual Mass of Copra required
Annual Mass of coconuts required
Mass of 1 coconut
Number of coconuts required
Trees Required
Typical yield per hectare per year
Yield
Percentage of Total Land Area
Hectares required

8353,837

kg

20884,593

kg

1.5

kg

Elauria, 2008

7,000

nuts

CGA

2730

kg/hectare/yr

13923,062
250,615

0.39%
1989

hectares

Table 13 - Land Use Calculations for 1% Scenario
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