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ABSTRACT

INTRODUCTION 1.0

Scarcity of freshwater pushes countries impacted by climate change
to investigate new sources of supply. Desalination plants powered
by renewable energy can be the solution for a tropical developing
country. Collection and treatment of seawater to produce freshwater
generate an imbalanced water mass. In the case of a Reverse Osmosis
Desalination Plant which pumps seawater to produce freshwater and
brine as waste, the most important factor is the seawater quality, only
available by observation. The design of a plant and its execution will
depend on factors such as ambient temperature, salinity, and TDS.
The main needs for a good multi-probe marine observation system
are low energy consumption, simple monitoring, and coverage of a
large area. For the sake of autonomy and ease of use, a functional and
robust circuit can be set up using calibrated probes, micro-controllers,
and small programmable boards. The use of programmable boards
and connected probes are set up as network ‘nodes’ to send in-situ
data measured from the water body. These nodes send the data using
radio signal with LoRa protocol to a ‘gateway’ to store or transfer
them. The parameters were measured at different time intervals,
water depths, and distances from the coastline to observe how said
factors affect the measurements. The results from the data collected
are used to compare ocean modelling and satellite data. We present in
this study the implementation of a long-range wireless autonomous
sensor network and first validation tests in Jamaica and how it fills
lack of information for a desalination project. Results indicate a good
correlation between measure, modelling, and remote sensor. LoRa
P2P network allows at an affordable price continuous monitoring of
remote areas with great autonomy and resilience; results showed a
successful transmission of >80% within the network.

Water is one of the most important resources for human existence. It
is one of the most important resources in the world, however, of all the
water that exists, only less than 4% is freshwater. There is not enough
freshwater readily available for the world’s growing population as 70%
of the earth’s surface is composed of water but not potable.

Keywords: Desalination, seawater, water quality, monitoring, LoRa

Many factors affect the expected shortage of water, namely climate
change and population growth [1,2]. One of the main factors causing
water shortage is the fast increase in population. According to the
United Nations World Water Development Report, upwards of 1.1
billion persons lack water and over 2.7 billion find water scarce for at
least one month of the calendar year [3]. Water demand is forecasted
to increase by 55% globally [4]. Another main factor causing water
shortage is climate change. There is expected to be more variability
in climate and environmental conditions. This will also bring more
extreme weather events.
Desalination is seen as a solution to the water crisis being experienced
across the globe. However, one main drawback of desalination is
energy usage [5]. As desalination is considered an energy-intensive
process, there need to be ways to cut down on the cost of the energy
needed to power these processes [6]. The use of renewable energy
sources is one solution to cut these costs and has been gaining more
attention in recent years. Renewable energy sources such as solar
energy, wind energy, and wave energy have been used in pilot and
commercial desalination projects worldwide.
Green powering is related to all renewable sources of energy such
as solar, wind and wave. The fluctuation of the renewable resource
obliges to count in detail, the energy needs for the running of the
desalination plant. The energy need of this kind of plant depends on
the raw material and the coastal seawater. Good information on the
seawater quality will help to determine the energy needs.
Production of freshwater, particularly that which is drinkable requires
the application of high-quality standardized processes. Desalination
processes must also respect the sanitary standards. As presented by
Buros (2000) [7] desalination plants can be represented as a black box
with two inputs: energy and seawater (Figure 1). Both are essential for
the quality and quantity of the final product.
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to test the prototype, section 4 discusses the validation of the
measurements and the prototype, and section 5 concludes on
limitations of the method, the future experimentation and
improvement of the prototype.

METHODOLOGY 2.0
Our main aim is to build and investigate the application of LoRa
technology to transmit data from a ‘node’ to a ‘gateway’ set up using
small board computers and single-board microcontrollers along with
various probes from measuring data [9,11,12]. The main constraint
of the project is the need to operate the devices in a coastal area with
high temperature and high humidity.

Figure 1. Basics of desalination principle with values of the input and output (modified
from Buros 2000)

The suitability and efficiency of using LoRa ‘senders’ and ‘receivers’
for a project such as that of measuring salinity and temperature data
of seawater are investigated. The communication protocol concept of
the project can be sketched by the following drawing (Figure 2).

Very few data sources are available on seawater quality (i.e. salinity,
temperature, dissolved oxygen, turbidity, etc.), particularly in a
developing country such as Jamaica. This is mainly because the area
to be sampled is large with excessive costs.
Recent investigations into water quality monitoring using IoT
components show good results and demonstrate the feasibility of the
concept [8]. The main hypothesis of this project is coupling sensors in
a network can improve spatial monitoring and cross-data. That was
proved in the case of the fast modeling of flash floods in Brittany [9].
There is the possibility to properly qualify seawater quality (salinity,
temperature) which will help to better model the running of a
desalination plant.
Interest to use IoT as an autonomous communication using marine
probes in the field of desalination and marine science is growing.
The only limitations as mentioned before are the high costs, coupled
with the large risk of losing equipment at sea. Over the past halfdecade, programmable boards have become more powerful and less
expensive.

Figure 2. Sketch of the LoRa P2P probes in their marine environment in a fixed and mobile
configuration

The methodology used to set and test the protocol was tested and
adjusted. The diagram of our process is presented in Figure 3.

Equipment allowing long-range transmission over radio frequency
such as LoRa have become more affordable. This along with the low
cost of probes make it simple now to set-up an adapted device of
measure using the concept of Do It Yourself (DIY) [10].
We build a prototype of Lora P2P marine probes using three nodes,
one as gateway and atmospheric probe and two mobiles marine
probes.
The document is organized as follows: Section 2 presents the
methodology used to build and test the network sensor, section 3
presents the results of the two experimentation ran
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The aim of the project:
• Shows that LoRa technology can be used to transmit data from a
‘node’ to a ‘gateway’ over a long distance in coastal areas
• Shows feasibility of an autonomous network of sensors
• Shows that continuous measures can be used to ease the design of
desalination plants
The validation of the project was executed in two phases (Figure 3).
The first phase in laboratory conditions to prove the efficiency of
the probe in controlled conditions and configuration of the radio
data exchange using a LoRa P2P setup and local memory storage.
Assessment of communicability of the nodes was done with the walk
around experimentation.
The second phase was done in field conditions at the coastline. Two
locations were chosen for the experiment with respect to defined
specifications.
The validation of the project was executed in two phases (Figure 3).
The first phase in laboratory conditions to prove the efficiency of
the probe in controlled conditions and configuration of the radio
data exchange using a LoRa P2P setup and local memory storage.
Assessment of communicability of the nodes was done with the walk
around experimentation.
The second phase was done in field conditions at the coastline. Two
locations were chosen for the experiment with respect to defined
specifications.

2.1 EQUIPMENT AND DEVICE SET UP

Figure 3. Sketch of the method used in conception, realisation, and validation of the LoRa
P2P probe

Figure 3. Sketch of the method used in conception, realisation, and validation of the LoRa
P2P probe
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Equipment used included:
• Two Arduino boards equipped with two temperature probes, one
TDS probes and a LoRa shield powered by external battery sources
• One Raspberry Pi board equipped with a temperature probe and a
LoRa ‘hat’ module connected to a laptop
The full equipment costs approximately 500 USD, which is much less
than a handheld salinity meter.
The set-up of the gateway and the two nodes was made in a two-week
phase after the selection and reception of the equipment.
The configuration of the board was done using the Arduino sketch
software to upload the correct sketch with the compatible probe. All
the sketches include a LoRa component to ensure the transmission
of the data.
The set-up of the gateway and the two nodes was made in a two-week
phase after the selection and reception of the equipment.

doi.org/10.33277/cesare/003.002/01

The temperature probes were tested over several hours and validated
by weather station values at UWI Mona.
The seawater temperature probe was tested with freshwater cooled with
ice to validate response time and control by mercury thermometer.
The LoRa protocol was also tested within the lab confines by sending
temperature readings from one node to the gateway at several
distances (<10 m) [11].
For the LoRa protocol, a test was carried out by walking around the
campus of the university with a photoresistor connected to a node
and the gateway Raspberry Pi was situated in the lab at a distance
away. This distance was varied while walking around the campus as
shown in Figure 6. The site is located at 187 m of altitude, and during
the experimentation, the weather was good with relatively clear skies.
The seawater temperature probe was tested with freshwater cooled with
ice to validate response time and control by mercury thermometer.

The configuration of the board was done using the Arduino sketch
software to upload the correct sketch with the compatible probe. All
the sketches include a LoRa component to ensure the transmission
of the data.

Figure 6. The location of the ‘walk around’ experiment at the University of the West Indies
Mona Campus from satellite view -Google-Earth-.

2.3 FIELD EXPERIMENTATION

Figure 5. Sketch of set up of ‘gateway’ and ‘node’ equipment

The first phase of the experimentation was in a laboratory at UWI
Mona and equipment was calibrated.
The total dissolved solids (TDS) probe was calibrated using a known
concentration of salts and the other probes were tested in a laboratory
situation to ensure correct functionality. Solutions of known
concentrations of sodium chloride were prepared and tested to ensure
calibration of the TDS probe was accurate.

One small board computer – a Raspberry Pi 3 was set up as a gateway
for the LoRa protocol and Arduino UNO R3 microcontrollers were set
up as the nodes with the measurement probes connected. Small-scale
probes mostly used for hobby purposes were employed. A DHT 11
sensor was used to measure ambient temperature conditions whereas
a DS18B20 temperature sensor retrofitted to be waterproof was used
to measure the sea surface temperature. An Analog TDS sensor was
used to measure the relative salinity of the seawater.
The locations of experimentation were chosen with a few
considerations in mind:
Ease of access to seawater – Flat terrain with easy entry into the
seawater was sought as the experimenter would have to hold the
equipment in the seawater at different depths for different periods
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therefore a comfortable location in the seawater would be most
suitable.

• Location - the locations were at each end of the island – Kingston
(location 1) and Montego Bay (location 2)

Safety using equipment - To reduce the risk of theft, the equipment
should be kept in an area with restricted access. The LoRa equipment
should be operated in calm, sheltered areas and not be operated when
the weather is stormy and rough waves are present as the packaging of
the equipment is not fully waterproof.

• Depth of probes in seawater - depths of 1ft (30cm) and 2ft (61cm)
were used as the length of the probe wires did not exceed 2.75m

Ease of access to gateway and laptop to make changes to programs - A
location where the seawater was close to the shore allowing access to
the gateway and laptop to reset the gateway while the code was being
changed. The microcontroller code was changed during different
phases for several configurations [9,13].
Minimal disturbance to coastal ecosystems - An area where there
were minimal ecosystems to be disturbed by using the equipment
was chosen. As the probes must be placed in the seawater at different
depths, it is ensured that marine life was not excessively disturbed.

• Time intervals of measurement - measurements were taken over a
period of 5 minutes; Intervals in which data was sent from the nodes
to the gateway were varied ranging from 1 second, 30 seconds and 1
minute.
• Distance between gateway and nodes - the distance was changed to
see if the data was transferred effectively
• Power source - rechargeable power banks were implemented as well
as 9V batteries to see the difference in power usage by the nodes

Suitability of location regarding data already acquired - Since the data
acquired from the experiment will be compared with data obtained
previously from satellite and modelling data.

The gateway was set up with the laptop at one point and the nodes
comprising the Arduino boards with the probes were deployed in
the water body and recordings were taken. Once the period of the
trial ended the transmission of data was paused and the experimenter
adjusted the position (whether the distance and/or depth) of the
nodes.

Possibility of getting a range of readings - The locations were chosen at
far relative distances to ensure that a range of readings was obtained.
Locations from each coast, one being in the southeast and one on the
northwest coast of the island (Table 1) to see how the seawater could
be different.

As mentioned, most of the probes used were simple probes not
intended for heavy usage. The DS18B20 waterproof temperature
sensor was reported susceptible to prolonged exposure to saltwater.
Therefore, precautions such as using silicone to seal the ends and
cleaning immediately after removal from seawater were taken.

Table 1. Coordinates of locations used in the experiment.

RESULTS 3.0
3.1 WALK AROUND EXPERIMENT

There were two sections, that being the Kingston sample (Location
1) and the Montego Bay sample (Location 2). Since the Location
1 sample was taken first, any perceived shortcomings with the
equipment used or the methodology were adjusted to ensure the most
efficient practices were in place.
Experimentation was done by one experimenter to prove the usability
of the device.
To demonstrate the use of LoRa technology and gather useful data at
the same time, probes measuring, ambient temperature, sea surface
temperature and total dissolved solids were used [9,11]. The use of the
LoRa network was limited to that of a local network, implementing
a LoRa P2P network, instead of sending data through the Internet
and utilizing the Internet of Things (IoT). This way, the data is stored
locally on a memory card from the Raspberry Pi (gateway). Setups
with varying factors to see how changes may affect readings were
undertaken in the experiment. Factors manipulated were:

The use of the devices was confirmed by the test carried out by
walking around the university campus with the Arduino connected
to a photoresistor to check the transmission of data to the gateway
raspberry pi left in the laboratory. There was indeed transmission of
data during the walk around the campus. The frequency of messages
sent by the node to the gateway was set at 30 seconds. Light resistivity
variation shows (Figure 7) the passage in shadowed areas during
the track. This ‘walk around’ experimentation took around an
hour between 9:42 am and 10:42 am on September 24th, 2019. The
percentage of messages received was around 88% (Table 2). Some
obstacles (i.e., building) block the signal at some point and can explain
the 12% of missing data [11,12]. The missing data happened mostly
outdoors as seen by the low value in photo resistivity and they can be
attributed to the fact that there are many buildings close together on
the campus that may cause blockage of the signal [9,11,12].
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Table 2. Statistics of the light photo resistivity measurements during
the experimentation
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with the use of the LoRa network and the absence of the Internet. This
was successfully done over two locations and varying distances. The
sea surface temperature, TDS (salinity) of the seawater and ambient
conditions (temperature) were measured. There was a slight difference
in the average salinity measured at location 1 and in location 2 with
the second location having a higher value. When the depth of the
measurements was changed it also showed an increase in the salinity.
One factor to note, the fact that two sensors, the sea surface
temperature and ambient temperature were on a single node, data was
interchangeably sent to the gateway i.e. sea surface temperature one
second then ambient temperature the next second and so on.

3.3 ENERGY CONSUMPTION ASSESSMENT
Other factors investigated were the use of different power sources
[13]. In the location 1 segment of the experiment, two different
rechargeable power banks were used whereas for the second location
of the experiment, one rechargeable power bank was used and one 9
volts battery.
Table 3. Power Sources used in Location 1 Segment of Experiment

Table 4. Power Sources used in Location 2 Segment of Experiment

Figure 7. Time series of the Photoresistor and missing data during the ‘walk-around’
experimentation at the UWI Mona Campus

3.2 SEAWATER MEASURE
Results from the field experiment showed that it is indeed possible
to transmit data from different sensory probes to a gateway receiver

The data provided in Table 3 and Table 4 are used to show the
suitability of using different power sources. It is not suitable to use
a 9V battery as a power source rather than a rechargeable power
bank (5v). The main reason being is the low capacity of a 9V battery
causing it to drain much quicker. A typical 9V battery has a capacity
of approximately 400 mAh while the capacity of the rechargeable
power bank was 2000 mAh. This would mean that with the Arduino
operating at 50mA, it would run a maximum of 8 hours on the 9V
battery while it would run for 40 hours on the rechargeable power
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bank. This is not considering other factors such as the fact that the
LoRa shield was connected to the Arduino as well as the probes using
power from the source as well. Also, it is to be noted that the Arduino
runs on 5V, so the rechargeable power bank that is rated at 5 volts
would have an advantage whereas the 9-volt battery would have to be
converted to 5 volts. Most Arduino boards use a linear regulator to
drop the voltage from 9 volts to 5 volts. Power is being wasted, if the
Arduino is using 50mA, 0.2W is being wasted on the linear regulator,
and 0.25 is used by the Arduino itself which is not very efficient hence
the short life span of the 9V battery [13].

doi.org/10.33277/cesare/003.002/01

DISCUSSION 4.0
4.1 LAB PHASE
For the laboratory experimentation phase of the project, the probes
were tested and calibrated successfully with the LoRa P2P gateway set
on the same table, a photoresistor was also attached to the apparatus
for testing of the LoRa signal at different distances. The Raspberry
Pi was placed in the laboratory in the Physics Department of UWI
Mona (third floor of the building) and the node with the photoresistor
was walked around the campus to allow for transmission. The longest
distance from the Raspberry Pi that the node was carried is about
0.40km in a straight line in an urban area [9,11,12]. As shown in
Figure 7 the data was transmitted successfully, and it was seen that the
light intensity changed as the probe was moved around campus and in
between buildings as the path is shown in Figure 6.

4.2 FIELD PHASE
The DHT11 probe was damaged by corrosion due to splashing of
seawater which caused some data points to not be available.
The field phase allowed for points of data from the two locations to be
received remotely.

Figure 8. Salinity and sea surface temperature measurements from Location 1 and
Location 2 sample

The total dissolved solids were steady for the most part at around 1150
ppm for the recordings at location 1 at 30cm (Figure 8), with there
being one value below 950 ppm and this could be when the probe was
being removed from the water and data was still being transmitted
to the gateway. For the same location and same time interval but at
a depth of 61cm there was a little more fluctuation in the salinity
but at an average value of 1160 ppm with values reaching as high as
1165 ppm and this may be attributed to the fact that there is more
mixing deeper in the water body. For the period of the experiment
in location 1, it was also seen that as the depth increased there was a
greater salinity content. This is accounted for by the fact that there is
greater mixing at lower sea levels, so there would be a higher relative
salt content. Few values went below the 1150 ppm mark, especially at
the 30cm depth and this is just because it is close to the sea surface.
Values for the sea surface temperature were constant throughout the
experiment at location 1 (Figure 8) with the values not being much
greater than 30°C for each recording.
In terms of the ambient temperature recorded at location 1 of the
experiment, the values stayed in the range of 32°C to 34°C for the
most part with not much fluctuation. There were few anomalies
present in the recordings for the measurements and this was because
the probe (DHT11) had suffered from being splashed and corroded as
these interval measurements were done one after the other.

Figure 9. Box plots of sea surface temperature at location 1(Loc1) and location 2(Loc2)
and HYCOM data

The average values for TDS in location 2 were greater than those in
location 1, with the lowest value recorded at location 2 being a little
under 1200 ppm and the largest at around 2000 ppm (Figure 8). As
with location 1 as the depth increased, the salinity increased, and this
is also attributed to the fact that at that point in time there could have
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been greater mixing of the seawater. As seen in the time series, there
was a gradual increase in the TDS recorded at 30cm and 61cm as the
probe sat in the water.
The sea surface temperature gradually decreased as the probe was
placed in the seawater at 30cm going from 32°C to around 30°C
where it settled for that trial (Figure 8) whereas for the depth 61cm
the temperature fluctuated little within the 30°C range as by this time
it had acclimatized to the conditions. During most of this phase, the
sea surface temperature was within the range of 30.25°C to 30.75°C
with the values that are outside this range was at the beginning of the
experiment during the acclimatization phase. In the future, the probe
could have been placed in the water for a few minutes before starting
the transmission of data.
The ambient temperature measured at the second location did not
show great variation. At the beginning of the experiment for the
recording at 30cm per second, the temperature was relatively high at
42°C and then it decreased and normalized at around 34°C. This high
temperature is accounted for since the probes were kept in a plastic
protective bag and were exposed to direct sunlight. For the 61cm per
second measurement, it was seen where the temperature was constant
at 34°C during the period of the experiment with one drop to 5°C
which is attributed to a bit of malfunctioning due to inner corrosion
of the probe. Throughout the rest of the phase, the temperature did
not rise above 35°C and not below 32°C.
The data for the sea surface temperature for the different depths and
time intervals were compared against HYCOM retrieved data for both
locations (Figure 9). The bulk of the HYCOM data had values lower
than those recorded in the experiment and this could be due to the
equipment or just the length of time in which the readings were taken.

4.3 MAIN ISSUES FACED DURING THE FIELD
EXPERIMENTATION
During the period of the experiment, several issues were faced as with
any other experiment. Issues in terms of location, equipment as well
as data were all faced throughout.
Finding suitable locations proved to be somewhat difficult as locations
had to be easily accessible by vehicle and with enough space for setup
of the gateway. The seawater had to be calm enough to utilize the
equipment so as not to damage it as well as allow for it to be held
without disturbance.

doi.org/10.33277/cesare/003.002/01

salvaged as alcohol was used to clean the contacts and remove the
corrosion.
In terms of the data, due to the corrosion of some of the probes,
some trials had to be abandoned at the location 1segment to allow
for cleaning.

CONCLUSION 5.0
It was proved that the LoRa protocol can be efficiently implemented
to monitor water quality which is beneficial to investigate remote
locations where the number of nodes may be modified along with
measurement intervals. There is a possibility to employ such a setup
in a populated environment resulting in more than 80% of the signal
received. The quality of the probe determines the accuracy of the
sensor network. In this phase of experimentation, the budget was
forcefully cut significantly restricting the use of low accuracy probes.
Future investigations can be undertaken to determine the optimal
measurement frequency to increase accuracy related to environmental
conditions.
Funding: Experimentation was done as part of the project, “Renewable
Energy for Desalination and Environmental Impact Considerations” funded by
The Caribbean Geophysical and Numerical Research Group.
The authors would like to thank the Physics Department of UWI Mona for the
technical support.
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ABSTRACT

INTRODUCTION 1.0

In 2011 unprecedented massive influxes of pelagic sargassum
seaweed took the Caribbean completely by surprise. The floating
sargassum disrupted fishing operations, impacted fish catches,
and caused significant hardship to fisherfolk. Stranded sargassum
covered beaches and the rotting weed produced pungent smells
threatening tourism and invoking difficult and expensive coastal
clean-ups. Several years later the Caribbean is still struggling to
come to terms with how to manage this new and continuing threat,
which is also potentially a huge source of raw material for innovation
and entrepreneurship opportunities. Communication has been a
key element in this struggle to respond and adapt to sargassum.
Exchanging information among a broad range of government, civil
society, private sector, academic and other stakeholders has been
an ongoing challenge. Mobilising knowledge has been key from the
start, and science communication remains a cross-cutting and very
transdisciplinary process. We examine some of the lessons learned
from the communication associated with sargassum influxes since
2011. There is no clear science-policy interface for decision-making
on sargassum. Uncertainties surrounding sargassum ecology,
oceanography, biochemistry, economics, medical and social science
all test the status and communication of science among Caribbean
stakeholders. The drivers of information sharing, the credibility of
both popular and scientific sources, their reach to diverse audiences
through networks, and several other factors combine to determine
information flows.

Pelagic sargassum seaweeds (Sargassum spp.) form extensive
floating mats in the Sargasso Sea in which S. fluitans and S. natans
are the most abundant species supporting large, biologically diverse
communities [1]. In recent times sargassum has also accumulated in
the equatorial Atlantic from where huge quantities are periodically
transported by ocean currents into the Caribbean [2]. Since 2011 these
unprecedented and hard-to-predict influxes of sargassum, linked
to ocean eutrophication and climate change [3], have been having
intermittent but devastating impacts on Caribbean coastal socialecological systems. The phenomenon has been called the “recurrent
great Atlantic Sargassum belt” [4]. The belt has often extended from
West Africa to the Gulf of Mexico and, in June 2018, “contained >20
million metric tons of sargassum biomass” [4]. Even before this article
in Science increased media attention, international and regional
news agencies were reporting on the emerging sargassum crisis. Yet,
national and regional scientific information sharing and evidencebased policy responses to sargassum influxes remain inadequate,
especially in the smaller islands.

Keywords: Sargassum; knowledge uncertainty; science; policy;
information.

About a dozen small island nation-states and overseas territories in
the eastern Caribbean are on the frontline of the periodic sargassum
influxes. The countries receive many tons of wet sargassum per
kilometre of exposed (usually windward) beach per day during influx
events [5]. Such huge volumes of sargassum, piled up to 2 metres deep
along shorelines and clogging waters up to 200 metres offshore, are
suffocating endangered marine mammals and turtles, smothering
and abrading coral reef, seagrass and mangrove communities [6]. As
sargassum decomposes it consumes dissolved oxygen and releases
pungent toxic gases causing fish kills and other biodiversity losses [7].
Accumulations of stranded seaweed emitting foul odours reduce the
aesthetic value of these islands’ iconic beaches and nearshore waters,
affecting public health and livelihoods with economic impacts on
tourism, fisheries and hence small island economies. It is generally
agreed that sargassum strandings, unless better managed, will erode
the significant progress made in the eastern Caribbean towards
conserving coastal biodiversity and critical ecosystems that sustain
livelihoods. The need for increasing the capacity to cope responsibly,
learn and adapt is clear and supported at high political levels.
Communication barriers at the science-policy interface in the eastern
Caribbean may constrain the development of such capacity [8].
Communication of marine science is integral to adaptive policy at all
stages of policy cycles, but actual use of marine science in Caribbean
policy cycles is infrequent [9]. Appropriate science is needed to
inform decisions, learning and adaptation in enabling policy that
foresees increasing complexity and uncertainty. This paper examines
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communication within the policy cycle that addresses the sargassum
phenomenon, providing insight into science-policy interfaces in
general. The next sections set out the methods used in this exploratory,
qualitative research followed by the results. These findings on marine
science-policy communication apply to a range of complex issues [10]
beyond sargassum and the Caribbean region.

METHODS 2.0
An analytical framework for investigating multi-level governance
has been developed and used in previous applied research which
has at its core the concept of the basic five-stage policy cycle [11].
The framework posits that transboundary marine issues are best
addressed by nested policy cycles with vertical and lateral linkages
that form governance networks. Communication by networks of
actors in all stages of policy cycles is critical at any marine sciencepolicy interface. Investigating sargassum policy cycle communication
patterns requires understanding the types of information exchanged,
and the actors involved, as well as the policy outputs and outcomes
[12].

Figure 1. Sargassum influx and policy-related event timeline

The economic sectors most impacted by sargassum are shown in Figure
2 based on the actors and agencies mentioned in communications,
attending events and observed in field activities.

For this brief exploratory investigation, the authors determined the
information exchanged at various stages of the sargassum policy
cycle in the eastern Caribbean by reviewing secondary data on policy
processes and events along with the timeline of sargassum influxes.
Also taken into account were the economic sectors most impacted
by sargassum and engaged in the policy cycle by perusing the content
of communications, but also relied heavily on the observations of
the authors who have been engaged in sargassum research since the
first influx. Quantitative analysis was unnecessary given the limited
information perused in the exploratory investigation. Most of the
information was in English for the Lesser Antilles countries of the
Caribbean Community.

RESULTS 3.0
The timeline of sargassum influxes and policy-related events most
relevant to the eastern Caribbean is shown in Figure 1 for 2010 to
2019. Managers and policy advisers commonly communicated with
scientists at these events even if policy decision-makers were absent.

Figure 2. Economic sectors at the sargassum science-policy interface

As a situation summary, the sectors are illustrated interfacing within
a single science-policy domain. They also interface in subsets of the
overall policy domain in which, for example, fisheries may engage
with agriculture but not necessarily tourism or health which interact
in another sub-domain. Thus, the sectors communicate, coordinate or
collaborate mainly with each other in clusters or network cliques that
create unevenness and gaps in information sharing.
The following sections briefly examine observed communication
in each of the policy cycle stages. Examples of the nature of the
communication and the key actors involved at each stage in the policy
cycle are shown in Figure 3, but information exchanges and actors
involved are variable as described.
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private sector personnel and public officers in economic sectors
as well as civil society organisation leaders. However, as no single
agency nationally or sub-regionally is responsible for sargassum, the
communication of science to policy has been very fragmented. Two
regional sargassum symposia and a few other fora have specifically
attempted to bridge the interface. There is also a communication
gap between sargassum scientific research and the development
of processes and products for sargassum clean-up, use as a raw
material, etc. especially in the smaller islands which offer no science
funding and entrepreneurs do not normally network with scientists.
This affects policy by limiting information, and the coherence of it,
required for decision-making.

3.3 DECISION-MAKING

Figure 3. Communication topics and actors in the sargassum-related sub-regional policy
cycle

3.1 DATA AND INFORMATION
‘Data and information’ is the most science-infused stage,
encompassing natural, social and inter-disciplinary science.
Communication among scientists is mainly online with discussion
groups, email listservs and websites set up specifically for sargassum
but with little or no policy content or membership. Caribbean peerreviewed publications on sargassum are scarce and not accessed by
most policy personnel, but technical reports are more widely read.
Communication in person at various meetings facilitates information
exchange, but such events are few. Most prominent for sargassum
are the meetings of the Gulf and Caribbean Fisheries Institute and
the Association of Marine Laboratories of the Caribbean. There has
been an increase in online conferencing. Good policy communication
relies on the use of consistent non-jargon terms (e.g. influxes, not
incursions, inundations or invasions), but this has not been settled.
Information inconsistency on the Caribbean sargassum phenomenon
is compounded by some scientists and news media maintaining
emphasis on the Sargasso Sea and not the newly blooming area or
belt. There are inconsistency, uncertainty and information gaps on the
species composition of sargassum, chemical content including health
risks if consumed and many other characteristics as may be expected
in an emerging area of science.

3.2 ANALYSIS AND ADVICE
‘Analysis and advice’ features the most overt interaction between
science and policy. It is where scientists are specifically engaged to
advise based on formal terms of reference or they interact with
managers on a more informal basis. Managers, here, include senior

‘Decision-making’ illustrated the classic constraint of science not
being packaged and presented for policy use. The increasing use of
visualisation via interactive maps, relationship diagrams, slides and
videos is evident in more science communications, but some still
require translation. In countries that had established inter-sectoral
sargassum management committees, the science membership was
minimal or absent. Policy-decisions on responses to influxes as major
hazards, sometimes in a state of national emergency, tended to be
reactive and neither precautionary nor environmentally responsible,
especially in the early influxes when, for example, heavy machinery
was customarily used on beaches.

3.4 IMPLEMENTATION
‘Implementation’, as suggested above, seldom involved science
although scientists published guidelines for responsible responses to
varying sargassum threat levels in order to conserve biodiversity and
reduce environmental damage. These guidelines were disseminated
but not followed through to ensure uptake and institutionalisation as
the communication outcome.

3.5 REVIEW AND EVALUATION
‘Review and evaluation’ is not a prominent stage in the cycle for either
science or policy. Among conservation ecologists (e.g. for sea turtles,
marine mammals) there is keen interest to monitor the impacts of
implementation, but caution in communicating findings that could be
perceived as critical of the policy decisions and decision-makers who
may then alienate and exclude science. A communication pathway
through which science informs learning and adaptation is not clear.

DISCUSSION 4.0
The networks of ties and interactions between the actors in science
and policy constitute science-policy interfaces in which formal and
informal communications of all types feature prominently [9]. In
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this exploratory examination of the science-policy interface for the
sargassum seaweed phenomenon in the Caribbean we have seen
that a social-ecological surprise caught scientists off-guard and that
communication both among scientists and with actors in the policy
domain has been somewhat chaotic and uncoordinated even ten years
on. Dissecting the policy cycle into its stages, even in a simplified
manner, provides insight into where science can be or is most effective
at the interface, and hence also where improvements are urgently
needed.
There is some evidence of science communication in all five stages of
the policy cycle, with the sectors of fisheries and tourism especially
being in the frontline in the small islands of the eastern Caribbean.
However, the use of science is concentrated in the data and information
stage, with some in analysis and advice, but this rapidly attenuates
thereafter. There is evidence that science can contribute to decisions,
implementation, review and evaluation especially when learning and
adaptation are the aims but, for sargassum, communication is much
weaker at these stages.
At the science-policy interface ineffective communication is generally
said to be more often the reason for ignoring science than real issues
with the quality of the science itself [13]. Scientists are often not
trained to communicate science in a way that policy advisers and
decision-makers can readily translate their information into policy
action [14]. This appears to be the situation in the Caribbean where
stakeholders are diverse and mobilising knowledge within and among
islands is constrained by barriers including costs of travel for meetings,
limited internet penetration, limited transboundary collaboration
and others. Packaging marine science for active uptake at all stages of
the policy cycle is seen at the international level. For example, some
big non-governmental organisations have guidelines on managing the
science-policy interface from both sides [15]. Such guidelines could
be tested in the Caribbean and adapted to fit the cultural and political
context. The absence of a culture of evidence-based policy-making
in the region must be addressed by learning-by-doing for there to be
a significant change in the use of properly packaged science. Solving
the sargassum crisis presents an opportunity for such transformative
change given the seriousness of the problems across several sectors
and countries and the need for science to contribute answers,
especially to inform the responsible use of sargassum seaweed as an
input to revenue generating socio-economic activity [16].

CONCLUSIONS 5.0
This paper highlighted the importance of maintaining the interface
between science and policy in complete policy cycles that seek to
address the sargassum phenomenon. Improving the Caribbean marine
science-policy interface is essential for finding sustainable solutions to
this wicked problem. Lessons learned are relevant to other problems
and places coping with uncertainty in social-ecological systems. Since

doi.org/10.33277/cesare/003.002/02

2011, influxes have changed the perception of sargassum from that
of an essential floating habitat to that of a severe and perpetual threat
to well-being in the eastern Caribbean [4]. The several hypotheses
proposed to explain the phenomenon and events held to develop
response strategies to influxes have not inspired confidence in marine
science in the Caribbean as uncertainties persist and sustainable
solutions remain unattainable. However, several marine science actors
in the region addressing sargassum are now paying more attention to
communicating science in order to influence policy as well as public
perceptions of the problem.
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ABSTRACT

INTRODUCTION 1.0

Tourism-related developments in Negril, Jamaica, hotels in particular,
are most vulnerable to climate change because of their location. This
research examined the extent to which climate change impacts were
integrated in select EIAs undertaken in Negril between 1992 and
2013, and industry managers’ knowledge, perception, and awareness
to climate change. Negril is Jamaica’s foremost tourist destination
with a significant proportion of hotel developments along eleven
kilometers of coastline that is highly susceptible to climate change.
The research design is qualitative involving a review of EIA reports
approved by the lead agency, the National Environment and Planning
Agency (NEPA) using a modified climate change assessment tool
and questionnaires completed by hotel industry managers in Negril.
Thereafter, the findings were analyzed using the SPSS statistical
software. The findings revealed that climate change integration in the
EIA reports reviewed generally improved with time. EIAs generally
lacked an integration of climate change impacts in project modelling
to include future perspectives. Industry managers were generally
aware of climate change impacts related to their developments, and
government assistance and regulations regarding tourism and climate
change. However, it was clear that additional training is necessary.
This thesis is the first in evaluating the level of integration of climate
change in EIA studies in Jamaica and it is hoped that the findings will
inform EIA implementation. It is recommended that a climate change
assessment tool be included in the reviewing of EIAs, and climate
change considerations are specifically incorporated in the terms of
reference issued. Tourism is an important contributor to Jamaica’s
economy and therefore this study recommends a full evaluation of all
tourism-related EIAs due to the significant fixed assets located along
Jamaica’s vulnerable coastline.

The true costs of the impact of climate change in the America’s are
unknown, moreso for vulnerable Small Island Developing States
(SIDS) such as Jamaica. Jamaica is highly dependent on natural
resources. Its geographical location and biophysical landscape make it
vulnerable to climate change impacts especially along coastal sectors
and livelihood activities [1]. This vulnerability belies the very resource
that forms the basis of its primary economic driver, tourism.

Keywords: Climate Change, Vulnerability, Environmental Impact
Assessment, Tourism sector, Jamaica.

According to the [2], mean surface temperatures in the Caribbean
have increased by approximately 1.0 degree Celsius over pre-industrial
times and warming is occurring at approximately 0.2 degrees Celsius
per decade. Sea levels are estimated to be rising at approximately 3
mm/year and this rate of sea level rise is steadily increasing [3]. The
2018 report estimates global mean sea level rise in the range of 0.26 to
0.77m by 2100 at 1.5°C of global warming [2]. This Caribbean mean
is expected to be higher. The Caribbean Sea and the Atlantic Ocean
are becoming more acidic [4]. Approximately 70 - 90% coral reefs loss
is anticipated at a 1.5°C of warming while approximately 99% of coral
reefs will likely be lost at 2.0°C of warming [2].
Since the year 2000, looking at just the impact of hurricanes which
are forecast to become more intense if not more frequent, the costs
have been estimated to exceed USD 33 billion with the Caribbean
accounting for approximately one-third of this cost [2]. Jamaica’s
largest service sector tourism is highly susceptible to the impacts
of climate change. According to the United Nations Economic
Commission for Latin America and the Caribbean (ECLAC), over
the 30 years leading up to 2004, Jamaica suffered damages from
hurricanes amounting to US$ 5.7 billion. The amount of damage
to infrastructure was estimated at 79 percent while direct losses
and damages to production and social sectors such as tourism were
estimated at 48 percent [5]. Between 2001 and 2010, there were 10
major climate-related disaster events, resulting in cost to the country
estimated at approximately JMD 111.81 billion. This impact has
notably resulted in a measurable decline in the health of coral reefs;
loss of sea-grass beds; severe beach erosion and loss of forested areas.
This is compounded by significant social dislocation, economic losses
and other damages. For instance, in 2004, Hurricane Ivan resulted
in damage totalling J$35 billion (USD 575M) or 8% of GDP, while
Hurricane Dean in 2007 left J$23 billion in damage. The magnitude of
these damages and losses is expected to increase significantly moving
from an average of 2% of GDP in the last decade to close to 14% by
2025 [6].
Jamaica’s dependence on tourism as a primary economic driver
in its national development will likely continue to increase in the
immediate future, particularly since Jamaica appears to have a strong
comparative advantage as a leading destination in the Caribbean.
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The challenge for Jamaica is developing this industry in a sustainable
manner, considering the economic realities of climate and also
considering the many environmental and social problems attendant
with its growth. With respect to product quality, tourism destinations
are now being environmentally evaluated and certified by entities
within and outside the industry, particularly in consumer markets
such as the European Union [7].
In 2011, a regional workshop on climate change resilience was
organized by Panos Caribbean (PC), a regional non-governmental
organization, in collaboration with the National Environmental
Education Committee of Jamaica (NEEC) and the Planning Institute
of Jamaica (PIOJ) also highlighted significant climate change issues of
importance to Jamaica and the leading tourism resort town of Negril
in particular. The report highlighted the harsh effects of climate
change over time on beaches in the Negril area, the sensitivity of
the wider Negril environmental area and its vulnerability to coastal
erosion, the extent of damage to infrastructure from intense storms,
the long restoration time that hinders the recovery process, and strict
enforcement policies and building codes that could aid in resilience
building as part of the adaptation strategies. In light of all these
issues, the Environmental Impact Assessment (EIA) process has been
identified as a prospective mitigation tool to combat these effects
from the project level, through the possible inclusion of a modified
EIA-Climate Change assessment checklist that would address some of
these issues during the planning and approval stage.

doi.org/10.33277/cesare/003.002/03

The EIA as a regulatory tool and the manner in which it is administered
vary from country to country. Despite the length of time since its
development, not many have formally included climate change
scenarios when evaluating the impact that development projects could
have on the environment. In an attempt to bridge the gap between
climate change and EIA, this paper proposes a new evaluation tool for
assessing climate change impacts using tourism related projects as a
case study to showcase how it may be integrated in the traditional EIA
review process in Jamaica. The EIA tool will be used to analyse the level
of integration of climate change considerations into EIAs developed
for five major hotels in Negril, Jamaica. The areas addressed include
various impacts of climate change, both adaptation and mitigation,
including sea level rise, flooding, more frequent and heavy rainfall,
increased wind speeds and stronger gusts, higher storm surge,
coastal erosion, biodiversity and infrastructure, energy, drought
and heatwaves. Each EIA reviewed was assessed to give a holistic
understanding of the level of integration of these hazard considered
during the relevant studies. Based on the level of integration or lack
thereof, recommendations are made for future consideration in light
of the perceived increased impact that climate change will have on
major economic sectors such as the tourism sector in SIDS such as
Jamaica.

METHODOLOGY 2.0

Jamaica is a signatory to the United Nations Framework Convention
on Climate Change (UNFCCC) having acceded to the Convention
in 1995 and to the Kyoto Protocol in 1999 [8]. Article 4(f) of the
Convention and articles 2.3, 3.14 and 12.3-12.5 of the Kyoto Protocol
have identified EIAs “as a tool to mitigate human influences on
climate and adapt to future changes” [9]. Although research has been
conducted to show the possibility and usefulness of such integration,
climate change considerations have not yet been fully integrated into
the EIA process in Jamaica. While several evaluation tools have been
developed to examine the effectiveness of EIAs, an official evaluation
tool to examine how well climate change impacts and issues have been
integrated into the EIA process is absent [10].

The literature on EIA practices in development planning in SIDS is
limited and the relationship between climate change and EIA even
more so. This research explores the extent to which climate change
has been integrated into the exploration and further elaboration
in EIA public documents through the established institutional
EIA process in Jamaica. The method used builds on previous work
examining the quality of EIAs in Jamaica with a focus on the primary
economic driver - the tourism sector through a case study of approved
developments in the tourism-centred Negril area of Jamaica’s northcoast. This could be due to the fact that there are so many uncertainties
and complexities when dealing with climate change and its integration
into national development processes.

Jamaica’s service sector which is dominated by tourism is highly
vulnerable to climate change impacts [11]. Economic and
environmental goals applied to this sector are not necessarily
incompatible, and much research has focused on the principles and
benefits of long-term resource based development. Despite this, the
tourism sector continues to be under the microscope in implementing
sustainable development projects and as such is considered one sector
that continues to over good practices and principles in terms of
tourism planning.

2.1 STUDY AREA

While the EIA tool and the way it is administered vary from country
to country, not many have formally included climate change scenarios
when evaluating the impact that the project could have on the
environment vice versa [12]. In an attempt to bridge the gap between
climate change and EIA, this paper proposes a new evaluation tool
for assessing climate change impacts on the tourism industry which
could be included in the traditional EIA review process in Jamaica.

Negril is situated on the western end of Jamaica (Figure 1) and contains
the island’s finest beaches, stretching for more than 6km (3.7mi) along
a sandbar at Negril. It is sometimes known among tourists as the
“7-Mile Beach” although it is only slightly more than 4mi (6.4km)
in length, from the Negril River on the south to Rutland Point on
the north. On the inland side of Negril’s main road, to the east of the
shore, lies a swamp called the Great Morass, through which runs the
Negril River within the Great Morass is the Royal Palm Reserve with
protected wetlands and forest. The existing land use in Negril is mixed
and includes tourism, commercial, residential and recreational uses;
with tourism facilities being the dominant land use. Several small
fishing beaches as well as an aerodrome are found throughout the
area. There are two primary beaches located at Bloody Bay and Long
Bay which fronts most tourism-related development and are used
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primarily for recreational purposes by tourists and residents [13].
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During the evaluation of these documents, it was generally found
that air quality and water quality impacts were paramount to any
assessment of climate change within the context of the EIA. The
modified checklist (Table 1 and Table 13) developed consisting of
questions divided into ten (10) categories namely; General, Sea Level
Rise, Flooding, More Frequent & Heavy Rainfall, Increased Wind
Speeds & Stronger Gusts, Storm Surges, Biodiversity & Infrastructure,
Energy, Drought & Heat Waves.
Table 1: Generalised EIA-CC Review Checklist (Detailed version in
Appendix – Table 13)

2.3 SELECTION OF EIAS FOR REVIEW

Figure 1: Map of Negril, Jamaica

2.2 DESIGN OF THE EIA REVIEW TOOL/
CHECKLIST
A review of relevant literature was conducted to arrive at various
principles which must be considered when implementing climate
change scenarios into EIAs. This review of literature involved
various guides which assisted in the design of the final checklist.
The modified checklist is largely based on the “Climate Proofing
Checklist” developed by the City of London Corporation and the
universally accepted Lee and Colley Review Package [14]. It is also
informed by the work done by the Greater London Authority in
creating the document “Adapting to Climate Change: A Checklist for
Development” developed in November 2005 [15] and Vong Sok’s EIAClimate Change evaluation tool developed in 2009 [16]. The checklist
also included a scoring matrix based on the rating criteria developed
by the European Commission developed in 2001 [17].

Five environmental impact assessments conducted within the Negril
area over the period 1992-2012 were chosen. The limited sample size
was based on the research timeline and available documents housed
in the library of the state agency, the National Environment and
Planning Agency (NEPA) for review which was in-Agency review
of hardcopy case files. These reports outlined the potential impacts
of particular hotel development projects on the coastal environment
of Negril, Jamaica’s prime tourist destination. None of the EIAs had
international bank funding; all were private developments with
funding primarily through private investments. The EIAs were chosen
on the basis of requiring a full environmental assessment, unity of
project type (hotel development) and similarity of project location
(Negril, a coastal environment with unhindered access for locals and
tourists alike). EIAs falling within the same year were grouped and a
single EIA chosen at random.
The review of the EIAs followed the following protocol: a detailed
description, and a modified questionnaire checklist. In the detailed
description of the particular review areas, an extended characterization
of the deficiencies was provided. The modified questionnaire/
checklist solicited answers from several sub-sections outlined above
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set on the basis of the gathered information. The following EIAs met
the requirements for review: Real Negril Hotel (1992), Couples Negril
Hotel (1999), The RIU Hotel, Bloody Bay, (2001), The Negril Cabins
Bloody Bay Expansion (2003), and the Negril Peninsula Resort
(2007). EIAs were chosen as close to five (5) year intervals as possible.
There were no EIAs conducted for hotel developments during the
period 2008-2014. Each project met the threshold requirement for an
EIA and has a medium to long time horizon, thus it could or will be
affected by climate change, or was included because climate change
had been identified as an issue.

2.4 EIA REVIEW PROCESS
The EIAs selected were reviewed in stages to assess the level of
adequacy and therefore quality. Initially, a broad scan was done
and a perusal of the table of contents to get a general idea of how
the report was organized. Secondly, a scan was done of the contents
of the main EIA document to determine whether key terms such
as “climate”, “greenhouse gas”, “global warming”, “methane”, “fossil
fuel”, “wastewater”, “intense storms”, “greenhouse effect”, “heatwave”,
“renewable energy” and other popular climate change terminology
were mentioned. This was done by reviewing each section of the EIA
thoroughly. A note was taken of the terms if they were mentioned;
any pictures, diagrams and illustrations were also noted in relation
to the questions on the checklists. Basic information such as project
type, location and size were analysed and each EIA was scrutinized
for any specific examination of climate change issues. Following
the preliminary review, the EIAs were reviewed on a question by
question basis. Each criterion was marked and assessed quantitatively
and a letter grade assigned to denote its level of adequacy (Table 2).
Comments were made, where necessary, and if further information
was needed, that was also noted.
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for the most recent development, the Negril Peninsula Resort. This
overall score was determined on the basis of the scores achieved
in the various sub-section analysis (Table 3). An “E” score refers
to a document that is considered to be very poor in regards to the
provision of information, with major gaps or weaknesses identified
which should’ve prevented the decision process proceeding, and a
document that requires major work to complete” according to the
rating criteria developed by the European Commission [17]. Of the
three EIAs with a score of “E” only one received a grade better than a
“C” in any review sub-section, this being the Rio Hotel Development
EIA done in 2001. However for the two most recent EIAs analysed,
scores of As, Bs and Cs were attained in some sub-categories which
were seen as a major improvement; the only development to receive
an “A” (full provision of information with no gaps or weaknesses
across all sub-categories) was the Negril Cabins Expansion EIA for the
subcategory on sea level rise. Also, performance in the sub-categories
with respect to integration of climate change in EIAs improved over
time. The Negril Cabins EIA received an overall grade of D indicating
weak provision of information that would be barriers to the decision
making process if climate change was taken into consideration at the
time the EIA was conducted. The Negril Peninsula Resort received an
overall grade of “C” indicating that the documents may be considered
as having adequate provision of information with any gaps or
weaknesses in information not being vital to the decision process.
Despite this slightly acceptable performance, the Negril Cabins
Bloody Bay Expansion EIA outperformed the more recent EIA. This
EIA had seven of ten categories being graded as a C or better.

Table 2: EIS Rating Criteria [17]

RESULTS 3.0
The EIAs conducted during the period 1992-2002 performed poorly
during, with a slight improvement for those post 2002. Of the five
proposals three received scores of “E”. The highest score was a “C”
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Table 3: Performance of EIAs using the Modified Climate Change Checklist

3.1 REVIEW SUB-SECTION ONE: GENERAL
The EIAs did not perform particularly well in terms of mentioning
climate change issues and related hazards in areas such as the
description of the project and baseline conditions, alternatives,
possible impacts, project monitoring, cumulative effects, climate
change impacts on the project over time, mitigation and the
presentation of coastal hazard maps. From a total of eleven review
questions in this category, the two developments in the 1990s scored
a combined 17 “E” and 5 “D” for an overall sub-section grade of “E”.
Of the three developments in the 2000s, there were a combined 2 “A’,
11 “B”, 1 “C”, 7 “D”, and 15 “E”. Despite the better performance, the
overall sub-section grade was between a “C” and a “D”.

3.2 REVIEW SUB-SECTION TWO: SEA LEVEL
RISE
This subsection sought to evaluate the performance of EIAs with
questions aimed at understanding the risks to the proposed site from
climate-related impacts including such as saltwater intrusion, sea level
rise and whether drainage was designed to accommodate chances
of flooding and if building designs utilized flood resistant materials
on the lower floors which were exposed to. The Real Negril Hotel
Development EIA received Es for all five questions in this category
and subsequently got an E for the overall categorical grade (Table 4).
The Couples Negril Resort EIA got one B (indicating adequacy of
information with minor deficiencies) and four Es to receive an overall
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score of E for the category. For the Rio Hotel Development, there was
one B, one C and three Es so it received a D for the overall grade. The
later EIAs also performed poorly with the Negril Cabins Bloody Bay
Expansion Project receiving one A (sufficient information with little
or no deficiencies), one C, one D and two Es to receive an overall
categorical score of D. Also, for the Negril Peninsula Resort there was
one A, one D and three E(s) so this EIA received a D for the overall
grade in the subcategory.

doi.org/10.33277/cesare/003.002/03

Table 5: Performance of EIAs in Review Section: Flooding

Table 4: Performance of EIAs in Review Section: Sea Level Rise

3.4 REVIEW SUB-SECTION FOUR: MORE
FREQUENT AND HEAVY RAINFALL

3.3 REVIEW SUB-SECTION THREE: FLOODING
In terms of flooding, review questions sought to explore how EIAs
dealt with anticipated shifts in 100 year flood line, site drainage design
regarding more frequent floods, building design in light of increased
flooding, emergency plans, the capacity of the project to alter existing
flood plains/watersheds and the stability of embankments. The Real
Negril Hotel Development EIA performed poorly in this category
receiving an E for six out of the nine review questions with three not
being applicable to this project; thus the grade given was an E for the
subcategory (Table 5). The Couples Negril Hotel EIA received one C
and five Es with three questions not being applicable and was assigned
an E for the subsection. The Riu Hotel Development EIA received
one C, one D and six Es with one question not being applicable and
was assigned an E grade. In contrast, the Negril Cabins Bloody Bay
expansion Project EIA showed better performance as it received two
As, one B, one C and three Es to receive an overall score of C for
the subsection. In addition, the Negril Peninsula Resort also feared
well, receiving one A, two Bs, one C and three Es with two questions
not being applicable and thus ended up with a C for the overall
subsection. Despite the improvements in the latter two EIAs there
was no consistent improve observed with time. Of the nine questions
in this sub-section, only the question in relation to anticipating shifts
in the 100-year flood line in building design and floor elevation
showed any reasonable performance, wherein the three most recent
EIAs evaluated all received a grade of C compared with Es for the two
earlier EIAs.

This section covered questions that dealt with the design of site
drainage to accommodate more frequent and intense storms and the
design of storm water management systems to store and dispose of
storm water. Of the five review questions in this subcategory, the Real
Negril Hotel EIA and the Rio Hotel EIAs got one D and four Es and
thus received a score of E for the sub-section (Table 6). The Couples
Negril Resort EIA was the best performing EIA in this category with
one A, three Bs and one E and thus received an overall score of B for
the category. It should be noted that the Negril Cabins EIA was not
graded for one review question. The Negril Cabins Bloody Bay EIA
received one A, one C, one D and one E and received a sub-section
grade of D while the Negril Peninsula Resort EIA got one B, two Cs
and two Ds and received a sub-section grade of C.
Table 6: Performance of EIAs in Review Section: More Frequent and
Heavy Rainfall

3.5 REVIEW SUB-SECTION FIVE: INCREASED
WIND SPEEDS AND STRONGER GUSTS
This section sought to explore if any of the selected EIAs had plans
proposed to deal with potential extreme wind gusts and if any plan
was executed in terms of a cooling and ventilation system so as to
tackle potential power outages from anticipated high winds. There
were three review questions in this category of which four EIAs
(Real Negril Hotel, Couples Negril Hotel, Riu Hotel Development,
Negril Peninsula Resort) received Es for all the review questions and
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thus got E for the sub section score (Table 7). Noteworthy, was the
performance of the Negril Cabins Bloody Bay EIA which received an
A for the relevant review questions and thus received a sub-section
categorical score of A. It should be noted that the two most recent
EIAs reviewed were not graded for one review question in regards
to other adaptive design elements proposed to be used as enough
information was not available to score.
Table 7: Performance of EIAs in Review Section: Increased Wind
Speeds and Stronger Gusts
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limits and finally the distance of proposed projects to known areas
of notable high water marks due to storm surges and flood lines.
The Real Negril Hotel EIA received one D and six Es thus receiving
an overall subsection score of E (Table 9). The Couples Negril hotel
received two Bs and five Es and received an overall score of D.
Likewise, The Rio hotel development received one B, one D and five
Es to receive an overall score of E. A better performance was seen
in the Negril Cabins EIA as it received two Bs, two Ds and three Es
to receive an overall score of D. The only EIA to receive As in this
category was the Negril Peninsula Resort which received three As,
two Bs and two Es and gained an overall score of B for the subsection.
Within this sub-section most EIAs performed well, receiving Bs or
better in regards to the information presented on the closeness of the
proposed developmental site to historical high water marks caused by
storm surges.
Table 9: Performance of EIAs in Review Section: Coastal Erosion

3.6 REVIEW SUB-SECTION SIX: HIGHER
STORM SURGES
The questions included in this section explored the possibility of
storm surges affecting the project, if there was any plan in place
to pump out excess seawater in addition to plans for storage and
contaminated waste-water. The Real Negril Hotel EIA and the Couples
Negril Hotel EIAs both performed poorly as they received Es for all
three review questions posed (Table 8). The Riu Hotel Development
and Negril Cabins Bloody Bay EIAs both received one B, one D and
one E and thus both received an overall subsection score of D. The
Negril Peninsula Resort EIA received one A, one C and one E for this
subcategory and received an overall grade of C.
Table 8: Performance of EIAs in Review Section: Higher Storm
Surges

3.7 REVIEW SUB-SECTION SEVEN: COASTAL
EROSION
This subsection of the review checklist contained seven questions
which explored the possibility of saline intrusion, evidence (via
maps/other media) regarding coastal erosion, plans to design and
implement structures to mitigate against coastal erosion, set back

3.8 REVIEW SUB-SECTION EIGHT:
BIODIVERSITY
This section includes a series of questions which were aimed at
finding out any expected impacts associated with climate change on
the biodiversity within the project environment, cumulative effects,
if climate change issues were considered in project monitoring
and whether the project proposed entailed any land use of forestry
changes that would lead to increased emissions. The Real Negril Hotel
Development received an E grade as it lacked information for all of
six review questions included in the checklist (Table 10). The Couples
Negril Hotel EIA and the Rio Hotel Development EIAs both received
one B, one D, and four Es to receive an overall grade of E for the
subcategory. The best performing EIA in this category was the Negril
Cabins EIA due to the fact that out of six review questions it scored
one A, one B, one C, and three Es to receive an overall grade of D for
the category. The Negril Peninsula Resort EIA performed poorly like
the initial three EIAs as it scored a D grade for the whole subsection
attaining one A, one B and four Es respectively.
Aside from the Real Negril Hotel Development EIA, the other EIAs
performed creditably in most instances by providing information
on potential climate change impacts on biodiversity will be tracked
scrutinized within the proposed monitoring programme. Also
information on any changes in land use that may decrease or increase
emissions e.g. afforestation/deforestation was presented and in most
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cases scoring a grade of B or higher.
Table 10: Performance of EIAs in Review Section: Biodiversity

3.9 REVIEW SUB-SECTION NINE: ENERGY
This subsection contained six questions which examined the usage
of renewable energy sources, the consideration of technologies or
materials to reduce emissions and the inclusion of energy efficiency
into the design of the project. The Real Negril Hotel received Es for
all the review questions and thus received an overall score of E. The
Couples Negril Hotel EIA scored one C and four Es with one question
not being applicable and received an overall grade of E (Table 11). The
Riu Hotel Development EIA had two not applicable questions and
received four Es and finished off with an overall grade of E. The Negril
Peninsula Resort EIA received two Bs, one C and one E with two
not applicable questions and received an overall grade of C. The best
performing EIA in this category was the Negril Cabins Bloody Bay
EIA which received three Bs and one E with two questions not being
applicable. An overall grade of B was assigned for this subcategory.
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to wild fires, building design to withstand higher temperatures and
water recycling systems. Out of twelve review questions included
in this subcategory, the Real Negril Hotel EIA scored an E for nine
(three not being applicable) thus got an E for the overall subsection
grade (Table 12 and appendix D). The Couples Negril Resort received
one B, one D and seven Es (three questions not being applicable)
and thus received an overall grade of E. The Riu Hotel Development
EIA received one B, one C, one D and six Es in this category (three
questions not being applicable) and ended with an overall score of E.
The Negril Cabins Bloody Bay EIA and the Negril Peninsula Resort
EIA both received one B, one C, three Ds and four Es resulting in a
grade of D overall for this category.
There was no information in any of the EIAs reviewed to understand
whether emission of volatile organic compounds (VOCs) will occur
and if these emissions would negatively impact the tropospheric ozone
layer during warm or sunny days. Similarly, little or no information
was available to determine how vulnerable the projects were to
increasing water temperatures or low river flows. Here, it would be
useful to note that there were no rivers in immediate proximity of
any of the proposed projects. Little/no information was provided on
impact to aquifers. It should be highlighted that all proposed projects
were proposed for lands with a coastal/seaward boundary.
Table 12: Performance of EIAs in Review Section: Drought and Heat
Waves

Generally, the EIAs reviewed provided little information to adequately
provide grades for all review questions in this sub-section. At least
two questions resulted in grades for only two EIAs, in areas related
to information on personal travel for staff and freight transportation.
Table 11: Performance of EIAs in Review Section: Energy

DISCUSSION 4.0

3.10 REVIEW SUB-SECTION TEN: DROUGHT
AND HEAT WAVES

The most noticeable feature that could be utilized to evaluate increased
awareness of climate change in EIAs would be the mentioning of the
impact and related hazards in the individual reports in a single section
or throughout the major sections of the EIAs. The EIAs reviewed prior
to 2003 showed little integration of climate change concerns however,
the ones conducted in 2003 and 2007 discussed potential climate
change impacts and threats in depth, and in some instances provided
maps, diagrams and even computer modelled results of future
scenarios that could result from climate change induced hazards.

This section generally had a poor representation in all the EIAs of issues
that dealt with water demand, increased temperatures, vulnerability

Holistically, the EIAs reviewed showed an improved performance in
addressing climate change issues with time and overall EIA quality
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improved, despite the EIAs receiving only adequate or almost
adequate ratings for the more current development projects.
This finding may be due to several factors, such as the local regulator,
NEPA, increasingly promoting awareness of climate change and
its integration in the EIA process as well as in hazard mitigation
within the industry [18]. In 2008, NEPA hosted a seminar in
commemoration of World Tourism Day looking at the issue of climate
change and the strategic business outlook for the tourism sector in
Jamaica. This seminar was seen as a major step in promoting climate
change awareness in the tourism sector not just for developers but
also practitioners involved in the environmental permitting process
including EIAs [18]. This further signifies the intention to strengthen
its integration in an important economic sector. This approach has
been further strengthened by their work in initiating responses to
climate change in Jamaica by focusing on their roles and functions
and the integration of climate change and disaster risk reduction
into the EIA process, in keeping with growing trends regionally and
internationally. Education and awareness of climate change were
identified as key components to the process where NEPA was seen
as the agency to enlighten the government and public on the status
of the natural resources and the environment and in turn enable
policymakers to better inform economic, social and educational
policies for Jamaica [18]. At the time of this research, there were only
two developing countries in the Caribbean region with climate change
integrated into their EIA processes at any level, namely, Trinidad &
Tobago and Grenada [19]. Up to 2014, there was no checklist for
consideration of climate change adaptation or mitigation in the EIA
process in Jamaica. This is changing with the incorporation of climate
change in the screening process and within the Development Orders
approved for Jamaica. The latter being a development planning tool to
sub-national development in accordance with the SDGs.
It was enlightening to note that the Negril Peninsula Resort EIA,
conducted in 2007, already included climate change and hazard
mitigation issues within the EIA. It points to the suggestion that EIA
practitioners are becoming more cognizant of the potential climate
change impacts on the existing environment from and on development
projects and integrating those concerns into EIA documents. These
initiatives by NEPA are believed to have had an impact on the EIAs
conducted in 2003 and 2007 where hazard vulnerability, mitigation
and adaptation issues were observed as recurring themes throughout
the documents. This was in contrast to the EIAs conducted in 1992,
1996 and 2001 which largely recorded Es suggesting a scarcity of
information with major deficiencies or omissions which would hinder
the decision making process.
The issue of rising sea levels and coastal erosion was poorly dealt with
in all the EIAs reviewed. From as early as 1982, Hendry compiled a
study which looked at the “structure, evolution and sedimentology
of the reef, beach and morass complex at Negril” [20]. Hendry [21]
plotted the rise of sea level at the coastal wetlands of Negril and Black
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river, showing that sea level rose rapidly from as early as 6000 years
ago. In addition, the Mines and Geology Unit in Jamaica has within
its archives, aerial photographs and satellite images taken from as
early as 1940, which, when compared with other aerial photos taken
in the area over time, show shoreline retreat [22]. This study utilized
sea level records from 1954 and aerial photos taken between 1971
and 2003 to show shoreline retreat occurrences in Negril. Although
published research papers and aerial photos were available, they may
not have been widely circulated or available for EIAs done prior to
2001, thereby providing a possible explanation for the lack of such
information in EIA documents reviewed. This points to the need to
share information widely and publicly to inform decision making at
all levels.
Due to advancement in technology, more user friendly interfaces and
the processing capabilities of computers, EIA practitioners should be
able to better predict future events and propose actions to prepare for
such events. In addition, the new building code of Jamaica is expected
to include provisions for incorporating climate change considerations
when modifying building designs to adapt to effects of climate change
[6].
Drainage and flooding was either not mentioned or vaguely
mentioned in EIAs conducted pre 2001, however, much attention was
given to these in the EIAs post 2003. The increased attention given to
flooding and drainage in the latter EIAs suggests EIA practitioners
were becoming more mindful of the importance of flooding as
another aspect of the environment which could impact significantly
upon a project, and which may be exacerbated by climate change-due
to observed changes in the magnitude and intensity of in rainfall and
storm events.
The links to impacts from tropical storm systems resulting in flood
was in tandem with the findings by Bueno [23] in a study focused on
Cuba stated that in light of climate change, tourism, one of the region’s
most climate dependent economic sectors, will become even more
vulnerable to damages from extreme weather events and surging
storm waves causing extensive impact on vital tourism infrastructure.
Thus, studies on flood hazards which result from more intense storms
associated with climate change are valuable to EIAs because they
could help to prevent the detrimental side effects of a disaster due
to ill-advised planning. Additionally, the gap between climate change
science and the decision makers could be bridged with greater use of
flood risk forecasting. A visual presentation of graphics, diagrams and
scenarios would aid relevant authorities in having a clearer picture
of the hazard, the perceived magnitude and the areas that could
potentially be affected within development projects [24].
Stronger winds will be associated with more intense hurricanes and
storms aggravated by climate change [25]. In light of this, increased
wind speeds and stronger gusts associated with more intense storms
and hurricanes were inadequately discussed in all the EIA(s) reviewed.
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Only one EIA, the Negril Peninsula Resort EIA, made note of the
fact that high velocity winds generated by hurricanes could exceed
160 miles per/hour and cause significant damage to “high” buildings
located along the coastline with no wind barriers, a typical feature of
hotel developments. Even though most buildings along the coastline
were outlined to be between one and three storeys, the fact that the
EIA practitioners recognized the risk of these buildings to the full
impact of hurricane winds will hopefully bring greater attention to
this issue resulting in the designing of mitigation measures to protect
against any future impacts.
It must be noted however that there are uncertainties with regards to
wind speed projections in the Negril area. According to data from the
Climate Studies Group at the University of the West Indies (Mona),
mean marine wind speeds around Jamaica have shown significantly
increasing trends over the period 1960-2006; whilst observations
from the nearest land-based observation station closest to Negril
indicates decreasing (but not statistically significant) trends between
1973-2008 [26]. Mean wind speeds generally increase slightly in
Global Climate Model Projections (GCMs) for Jamaica, whereas a
general decrease is observed in Regional Climate Models (RCMs) for
the Negril area [26]. Just as the case was with sea level rise and coastal
erosion, uncertainties in wind speed projections could have formed
the basis for the exclusion of information linking climate change with
increased wind speeds and gusts in EIA(s).
Uncertainties aside, Jamaica has already drafted a new building code
which should be passed into legislation soon. This new building code
will replace the decades old one and will seek to account for climate
variability and change. Also, new and revised provisions will adapt
building designs to flooding and stronger winds [27]. In addition,
goal 2 of the Regional Framework for Achieving Development
Resilient to Climate Change speaks to the adoption of building codes
that would be modelled based on the perceived effects of storms of
greater intensity and the magnitude of rising sea levels. It is expected
that these codes would be incorporated into the planning and
implementation of coastal infrastructure and would be useful in the
retrofitting of existing infrastructure [28]. Interestingly, the region
is now discussing accessing climate finance from the Green Climate
Fund to address this very issue following the devastating impacts
of hurricanes in Dominica, Antigua and Barbuda, Haiti and the
Bahamas in the 4 years leading up to 2020.
The issue of storm surges, which was also poorly evaluated post 2001,
was given greater attention in EIAs post 2001. Increased knowledge
and advancements in computer technology pertaining to climate
change have allowed for better modelling and forecasting [3]. This
assertion was substantiated in the post-2001 EIAs in which the use of
technology (HURWave and sBEACH computer models) to determine
potential impact was outlined. Coastal inundation, storm surges and
other coastal hazards will be exacerbated by rising sea levels associated
with climate change [3]. It was also expressed with high confidence
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that increased risks due to climate change will further expose coasts
to storm surges and coastal erosion [3]. Not only did the post-2001
EIAs map past scenarios, but the computed data for storm surges
allowed for mapping of futuristic scenarios using computer models.
With more models becoming available, practitioners appeared to be
more attentive to these issues and the need to study and model future
scenarios in these later EIAs to better plan and prepare for higher
storm surges associated more intense storms worsened by climate
change.
It was interesting to note that although the EIAs reviewed did not
examine the potential impacts that climate change will have on
biodiversity, it was no different to practices in developed countries
in the European Union and therefore not a flaw unique to Jamaica’s
EIA process. In 2013, the European Union stressed that for future
projects, the effects that changes in climate will have on biodiversity
must be discussed within EIA(s) potentially over long timescales and
there must also be discussions on the project’s resilience and coping
capacity [29].
EIAs conducted pre- 2001 made no mention of any energy conservation
methods; neither did they mention any climate change related
mitigation effort to reduce emissions associated with freight transport
or personnel travel. However, it is expected that future reports will
include these issues as the reduction of GHGs are central when
adapting and mitigating climate change impacts. A study conducted
by CARIBSAVE [30] made recommendations for Negril to quickly act
to lower GHG emissions and take steps towards low carbon or carbon
neutrality. In addition, the recommendations encouraged entities
to work with an ongoing Travel Foundation Project to rationalize
energy use in tourism accommodation providers. The two more
recent EIAs evaluated the use of resource conservation and energy
conservation methods and proposed mitigation measures related
to the improvement in energy management, energy monitoring
technology, translucent shades, phosphorescent lighting and heat
recovery systems. The use of renewable energy and innovations
regarding energy conservation was also a plus.
The issue of drought impact and drought management was not well
addressed throughout all reviews. Water is a critical resource for this
sector. The integration of issues related to drought and potential
water shortages needs greater attention when examining impacts
relating to climate change and development. Despite this, there was
a common understanding across all the EIAs that the Negril area is
extremely vulnerable to water shortages due to the pressure on the
scarce resource. Even though there was no information on previous
droughts that had impacted the area, increased tourism activity in
Negril over time would have meant that the influx of more tourist
developments would increase the demand on what can be categorized
as an in-demand and sometimes scarce resource required for
development of all types. In light of this, and the fact that climate
change projections indicate water supplies will become scarce, it is
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felt the EIAs reviewed should’ve addressed the issues of drought and
potential water shortages with greater depths. This should become
a staple of future EIAs in the sector in light of the condition of
watersheds and the projected demands for water resources coupled
with the islands drought history in all future tourism-related EIA(s).

CONCLUSION 5.0
The results indicated that the integration of climate change into
EIAs increased over time based on the EIA reviews conducted. Only
the EIAs conducted in 2003 and 2007 exhibited any considerable
improvement in tackling climate change issues in EIAs as per the
modified climate change assessment tool used.
While the decisions taken at that time may have been considered
adequate, in light of the current understanding of climate change,
it is prudent that efforts are made to integrate climate change
considerations in the EIA process. The state regulator, NEPA, has
recognized this challenge and has started the process. The experiences
of the earlier emails can only help to improve the quality of climate
change considerations incorporated in EIA documents by EIA
practitioners.
It is clear that the early ToRs did not include any provision for ensuring
the integration of climate change concerns in EIAs, albeit based on a
limited study sample. There were no formal regulations/guidelines
for climate change integration into the EIA process, despite the need
to present adaptation and mitigation measures specific to climate
change in the EIA documents. Neither was there any regulation at
the time these EIAs were conducted that would encourage proponents
to examine how the project would have exacerbated climate change
impacts. As a result, the EIA reports reviewed only considered
historical climate change information of the project destination. These
shortcomings could be due to the fact that in the 90s, the EIA process
was still relatively new to Jamaica. Coupled with the uncertainties that
existed at that time regarding climate change, modeling of current and
future scenarios for Negril was likely not available and/or advanced as
it is now.
With climate change awareness increasing globally and the impacts
of climate change induced hazards occurring, there must be a clear
scope for the overall integration of climate change adaptation in
tourism projects. If this is done, there will be increased resilience in
one of our most economically and socially vibrant sectors in Jamaica.
As more climate change information, modelling and prediction
become further defined, and the modalities for integration into the
EIA process further refined, stakeholders at all levels will be more
supportive and receptive of the utilization of EIA to promote climate
change adaptation at the project level.
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RECOMMENDATIONS 6.0
The following are recommendations that Jamaica and other SIDS
should consider in climate proofing their development planning
processes.
1. Consider revising the definition of EIA to include climate change
considerations and modify TORs, as appropriate.
2. Develop specific criteria for integrating climate change
considerations in the screening and scoping stages of the EIA process
3. Develop clear criteria governing EIA experts
4. Consider strengthening process to share research findings in
climate change among EIA practitioners and decision makers
5.Strengthen ongoing public awareness campaigns on climate change
and the EIA process with greater emphasis on training
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ABSTRACT

INTRODUCTION 1.0

Wild Cane (Arundo donax) is a perennial rhizomatous grass that is
native to tropical and sub-tropical zones. This C3 crop is known to
have significant potential to produce commercial grade bioenergy.
Belize has conducted a preliminary compatibility test at the American
Sugar Refineries/ Belize Sugar Industries, Belize Co-generation Energy
Ltd. (ASR/BSI BELCOGEN) facility which produced satisfactory but
inconclusive results. The potential of this species as an energy crop is
enhanced by its versatility, adaptability and its robustness to climate
variability. Further, the crop’s resistance to environmental stresses
and its ability to flourish on marginal spaces means that successful
propagation will not lead to competition for productive agricultural
lands, and potentially consequential negative effects on Belize’s food
security.

According to the IPCC’s AR5, climate change has the potential to cause
substantial impacts on the design and operation of energy sourcing
and its delivery facilities [1]. In the Caribbean, the changing climate
has presented increasing challenges to the energy sector, especially its
production and transmission. In 2008, it was estimated that over US$
14 billion would have been spent for the importation of fossil fuels,
providing over 90% of energy consumed in CARICOM countries [2].
Even though total greenhouse gas emissions from the CARICOM
states are extremely small, the region has committed to reducing
its carbon footprint significantly, primarily through an ongoing
process of transitioning away from fossil fuel use in the electricity
sector [3,4,5]. While there is presently more emphasis being placed
on the exploitation of solar thermal, solar photovoltaic and wind
energy potential, bioenergy production for direct combustion and
cogeneration is another potentially viable renewable energy source
that has begun to attract the attention of the energy sector.

The goal of this study was to evaluate the feasibility of the commercial
cultivation of Arundo donax as an alternate fuel source for cogeneration
at BELCOGEN in Belize, focusing particularly on biomass yield and
the identification of climate and other environmental factors required
for optimum growth. In this regard, the research examined three
sites comprising natural stands of Arundo donax - Middlesex, Sittee
River and Monkey River. The species demonstrated good productivity
potential particularly within the Middlesex and Sittee River areas.
Biomass yield was estimated at 15.18 t ac-1, 4.76 t ac-1 and 3.45 t ac-1
for Middlesex, Sittee River and Monkey River, respectively. In this
study, the main parameters examined were climatic conditions and
soil analysis, specifically moisture content, soil type and pH. Different
growth patterns were noted at the three sites with the number of stems
and extrapolated yield varying from 9.8 t ac-1, 10.45 t ac-1 and 32.02
t ac-1 for Monkey River, Sittee River and Middlesex, respectively. The
adaptability of the species to marginal lands, the limited human input
needed for its cultivation, and its high biomass yield are factors which
make Arundo donax a potentially viable fuel crop.
Keywords: Arundo donax; Caribbean Community Climate Change
Centre; Belize; renewable energy; mitigation

1.1 CARIBBEAN ENERGY SECTOR
The Caribbean region is heavily dependent on the use of imported
fossil fuel, mainly refined petroleum products [6]. Over the last
several decades, the region’s fossil fuel use has resulted in the markedly
increasing cost of energy, in part due to highly unpredictable global
market prices for the commodity [7]. Electricity cost in the Caribbean
is approximately four times or 80% higher than most developed
countries, with the average tariff between 2002 and 2012 surpassing
US$0.34 per Kwh [7]. This cost is almost twice the Latin America
and Caribbean (LAC) average of approximately US$0.18 per Kwh
[7]. According to the World Bank, 2018 [8], 7-20% of national GDP
expended by most of the Eastern Caribbean islands is due to the high
dependency on petroleum products for energy generation. In some
states this accounts for as much as 50% of export revenue and demand
is expected to rise further to 3.7% per year, doubling by 2028 [9,10].
With a modest increase in economic growth in the Caribbean, it is
projected that by 2030 there will be greater demand for electricity,
estimated at approximately 1,500 terawatt-hours (TWh) from a
2008 baseline of approximately 625 TWh [11]. As a result of this
dependence on fossil fuels, the Caribbean region faces a critical
energy challenge [12]. With the exceptions of Trinidad and Tobago,
Guyana, Suriname, Barbados and Belize there are no as yet proven
oil and natural gas reserves in other CARICOM states [13,14,15].
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The dependency on imported fossil fuels and associated price
volatility therefore have significant implications for regional security.
There is an urgent need for energy efficiency programmes in the
Caribbean that would incentivise savings, improve the countries’
financial situation and attract investments within the sectors that
are responsible for most of the CO2 emissions [16]. There are
great prospects for efficiency within the energy sector from wind,
geothermal, hydro and biomass sources that have the potential to be
less costly than power generation based on fossil fuels [9]. For some
time now a number of islands within the Caribbean have employed
the use of renewable energy technologies with Jamaica, Barbados and
Grenada highlighted by Shirley & Kammen, 2013 [3] to be among
the pioneering countries in the region. These have successfully
implemented initiatives using solar photovoltaics, solar thermal
water heating and wind energy (Figure 1). The case studies based
on these initiatives and presented by Shirley and Kammen, 2013 [3]
corroborate the findings of Nexant, 2010 [9] which demonstrate that
all but two of the renewable energy projects to be significantly less
costly than if they were based on fossil fuels.

Figure 1: Installed energy generation within the Caribbean. Source: [7]

Clean energy development and innovations are largely understudied
within the Caribbean region, which has considerable development
potential. For instance, given the region’s high average insolation
of approximately 15-20MJm-2 day-1there is enough insolation to
potentially produce the region’s entire energy requirements from
solar sources alone [3,17,18]. As part of the region’s effort to enhance
energy efficiency and reduce energy costs, the Caribbean is already
exploring viable renewable energy technologies that include wind,
biomass and solar. In the last decade and a half some countries in the
Eastern Caribbean have also been exploring the use of geothermal
power, while hydropower already makes an important contribution in
other states including Dominica, Guyana and Belize [7,19].
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1.2 BELIZE ENERGY SECTOR
Belize’s energy potential, like the rest of the Caribbean region, is
very much underexploited [20]. The country has substantial wind
resource potential and an estimated 75-100 MW of hydropower in
addition to the existing 54 MW [20,21]. With the growing economic
expansion, however, the country faces high energy costs and the high
level of population growth suggests that energy demand will rise to
approximately 4% per annum in the future years [22,23]. In 2018 the
Public Utilities Commission (PUC) granted Belize Electricity Limited
(BEL) a 4.4% increase in the electricity tariff and by 2010 the cost of
electricity was approximately US$0.44 per kilowatt-hour.
Belize’s electricity cost is among the highest within Central America,
a challenge that is compounded somewhat by the country’s declining
petroleum production. However, as a result of its existing renewable
energy projects, Belize’s electricity rates are on average lower
than for most of the rest of the Caribbean region [20,24]. In 2016,
approximately 55% of Belize’s domestic grid capacity (155MW)
was supplied by BEL, the sole transmission and distribution entity,
through hydropower and biomass power generation, augmented with
imported power from Mexico’s Comisión Federal de Electricidad
[22]. This renewable energy component accounted for approximately
37% of the total electricity output in 2017 [25]. According to the PUC,
in 2015 output based on fossil fuels accounted for 68.5MW of Belize’s
electricity capacity, followed by small hydro (54.3MW), biomass and
waste (31.5MW) and solar (0.5MW) [25].
Just over half the country’s electricity needs are generated from
renewable energy (hydroelectric and biomass) by Independent Power
Producers (IPPs), from which BEL sources 71.5% of its distribution
capacity [26]. Table 1 lists these IPPs and their contribution to Belize’s
electricity grid. It has been pointed out, however, that although
hydropower and biomass are excellent energy sources as a result their
reduced Greenhouse Gases (GHGs) emissions reduction in a number
of air pollutants and the provision of more usable energy; climate
change poses substantial risks to future electricity production from
these sources, especially given a projected increase in the frequency
and duration of droughts [27,28,29].
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Table 1: Renewable energy sources and their production capacity
Source: [24,26]

1.3 DESCRIPTION OF ARUNDO DONAX
Arundo donax, commonly called ‘wild cane’ because of its resemblance
to Saccharum officinarum (sugar cane), is a perennial and is the largest
of the herbaceous grasses [30]. The plant’s documented presence in
Belize dates back to 1883 and it has remained a part of the ecosystem
for over 130 years, covering almost 2% of Belize total land area
[29,31]. The plant material is of cultural importance to Belize where
it is used for fuel, craft and in construction. This grass grows to an
approximate height of 2-10m with a very strong rhizobium root from
which fibrous roots extend, penetrating deep into the soil [32]. The
stems are partitioned by nodes each being approximately 12-30 cm, as
in sugar cane or bamboo with the diameter ranging between 1-4cm.
The walls are approximately 2-7mm thick with leaves in a single plane
and alternating throughout the culm [30,32]. These leaves are broadbased and taper to a fine point at the end, while the sheaths are tightly
wrapped around the stems [33,34]. Its attractiveness for biomass
utilisation is as a result of its aggressive growth rate, particularly
within riparian areas. Despite being declared invasive species by the
World Bank [29], the propagation of Arundo donax can be easily
controlled, even though its sterile seeds are dispersed substantial
distances by wind [35,36,37].

1.4 ENERGY POTENTIAL OF ARUNDO DONAX
Renewable Energy Technologies (RETs) within the Caribbean have a
long history dating back to the 17th Century when sugar cane made
its debut, with the utilisation of bagasse and rice husk as biomass
energy [38]. According to Lemons e Silva, 2015 [39], Arundo donax
has been described as a very promising grassy plant with the ability
to be used as a renewable energy source, partly because of its ability
to thrive in dissimilar soil types and climatic conditions, as well as its
fast growth rate. Evidence from several studies confirms that Arundo
donax is among the leading lignocellulosic biomass sources within
tropical, subtropical and Mediterranean regions, and thrives well on
marginal lands [35,40,41]. The plant exhibits high yield potential per
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hectare compared to other potential energy crops, extremely low or
limited ecological/climatic demands, is extremely tolerant to a wide
range of soil types. It is tolerant of saline soils and water-logged
conditions and has low nutrient requirements. Given the ability to
grow in marginal areas, it does not compete with food crops that
require arable land. Arundo donax is pollen-free, which eliminates
the risk of cross-fertilization, makes it a stable genotype and reduces
invasiveness. The high potential of Arundo donax as a fuel crop was
demonstrated from extensive studies done by Lemons e silva et al.,
2015 [39], Pilu et al., 2014 [41] and Angelini et al., 2009 [42]. Arundo
donax is quite versatile and capable of being utilised in its solid form
as biofuel in direct combustion [43], or further processed to produce
biogas in anaerobic fermentation and bioethanol when subjected to
alcoholic fermentation [44,45].

1.5 CULTIVATION OF ARUNDO DONAX
UNDER CONTROLLED AGRONOMIC
Even though Arundo donax has the ability to grow in a wide range of
pedoclimatic conditions, adequate field preparation is still required
[46]. This has led to further investigations, including on the effect of
fertilisation on fuel quality and biomass yield [47,48]. Angelini et al,
2005 [48] further investigated the impacts of management practices
on biomass yield and energy balance of Arundo donax, by monitoring
variations in crop yield in response to fertilizer, plant density and
harvest time. They concluded that fertilization had a positive impact
on enhancing dry biomass yield at low planting density, when
compared to the non-fertilized crops. Impagliazzo et al., 2017 [49]
validated this finding and further found that the presence of Arundo
donax tended to improve soil quality and increase carbon storage
in the soil, suggesting that it might be beneficial in climate change
mitigation. Similarly, the work of Riffaldi et al., 2010 [50] showed that
Arundo donax also has the ability to improve organic matter content
and microbial biomass.
Burner et al., 2015 [51] compared the biomass yield of Arundo
donax, Miscanthus giganteus and Miscanthus spp., with and without
irrigation and seasonal harvesting, in order to assess its potential to be
utilised as a bio-energy feedstock. It was found that when irrigation
was applied, Arundo donax was the most productive crop, yielding the
greatest increase in total dry biomass, the largest stalk diameters and
tallest stalks. DiMola et al., 2018 [52] tested the crop’s salinity tolerance,
a critical measure of the crop’s adaptability. It was determined that
the level of saline stress did not cause any difference in biomass yield
compared to the control. In fact, yield loss of approximately 50% only
occurred at very high salinity levels, suggesting that the plant would
be tolerant of increasing salinity under a changing climate.
In 2018, the Caribbean Community Climate Change Centre
(CCCCC) was awarded a grant under the Project Preparation
Facility (PPF) of the Green Climate Fund (GCF) to enable Belize
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to develop and implement the “Arundo donax Renewable Bio-mass
Fuel for Belize Project, aimed at investigating and demonstrating the
efficacy of Arundo donax as a renewable energy source [53]. A study
conducted by Daniels, 2016 [54], in collaboration with the CCCCC
and Belize Cogeneration Limited (BELCOGEN), revealed that the
combustion of Arundo donax for electricity generation was a viable
proposition for increasing Belize’s renewable energy contribution to
the energy sector. Incorporating the results of Daniels, 2016 [54] and
other relevant findings reported in the literature, this paper focuses
on some of the critical areas recommended for further investigation.
Among the gaps identified was the need for additional work to
determine growth rates and potential biomass yields of the ‘wild
cane’, when cultivated under controlled agronomic and different field
management strategies.
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ascertain accessibility to areas with mature stands of Arundo donax
that would be harvested while conforming to a 66ft buffer zone along
the waterways. Duplicate experimental plots were temporarily set
out within the Middlesex and Sittee River areas with natural stands
of Arundo donax and one within the Monkey River area. Sample
plots of approximately 9.29m2 (100ft2) were established at each site.
All samples of Arundo donax within these plots were harvested by
cutting stalks at approximately 0.15m (0.5ft) above the soil surface,
based on the method used by Burner et al., 2015 [51]. The apical
shoots were all severed at the last green leaf sheath attachment from
the stem samples. Subsequent to removing the apical shoots, they were
evaluated for length, weight and stem counts, all taken to establish
averages. For each site, the following averages were recorded: number,
weight, length and diameter of stems.

METHODOLOGY 2.0
2.1 STUDY AREA
Belize is the only CARICOM state that is located within the Central
American region. It is bounded by the Caribbean Sea, Mexico and
Guatemala. It covers an area of approximately 22,965 km2 (8,867
mi2) and has a population of approximately 398,050 as of mid-year
2018 [55]. The study was conducted in the Sittee River and Middlesex
areas within the Stann Creek District and Monkey River in the Toledo
District (Figure 2) where, excluding the stipulated 66ft buffer zone,
natural stands of Arundo donax were identified in sufficient quantities
for both the study and the compatibility testing at BELCOGEN.
These were chosen primarily for the ease of access (road network),
and the proliferation of mature stands of Arundo donax that could
be harvested. Spectral analysis showed that Arundo donax accounted
for approximately 354 km2 or 1.54% of Belize’s total land area [56].
According to King et al.,1989 [57], the study areas within the Stann
Creek District receives a mean annual rainfall of 2000 mm in coastal
areas. The total increases to 3000 mm going westward into the
mountains, which is higher than for most of Belize, but not as high as
the average annual rainfall received in the Toledo District.

2.2 SITE SELECTION AND PREPARATION
Sampling plots were established within the Middlesex (N17.01694
N88.48428, N17.01702 W88.48441) and Sittee River (N16.83223
W88.28837, N16.831, N16.83095 W88.28776) areas, both located
within the Stann Creek District, and Monkey River (N16.37911
W88.50781) situated within the Toledo District. Spectrum imagery
evidence confirmed the widespread existence of Arundo donax at the
three previously identified sites, within the flood plains of the Toledo
and Stann Creek Districts [58]. Reconnaissance was conducted to

Figure 2: Location of study sites with mature natural stands of Arundo donax. Source: [53]
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2.3 SOIL SAMPLES AND MOISTURE CONTENT

RESULTS AND DISCUSSION 3.0

Soil samples at each of the three sites were taken at a depth range from
surface to-152.4mm and analysed for Nitrogen (N), Phosphorous (P),
Potassium (K), Potential hydrogen (pH) and moisture content. From
each sample plot, two stems were selected, and the biomass milled
(shredded). The bio-matter was weighed before being placed in Pyrex
beakers and dried in an oven at a constant temperature of 103oC.
From each stem, one hundred grams (100g) of shredded biomass was
utilized, if available or practical. If the 100g requirement could not
be met, the entire sample was used and dried to a consistent weight.
The mass was weighed to the nearest 1g or 0.001kg and the moisture
content calculated (Box 1). The moisture content analysis was
conducted by the Science Department Laboratory at the University of
Belize (UB), Belmopan.

3.1 BIOMASS YIELD AND SOIL PARAMETERS

2.4 METEOROLOGICAL CONDITIONS
To evaluate the climate associated with Arundo donax growth and
development, the spatial variation in rainfall and temperature,
including means and extremes, as well as the associated long- and
short-term fluctuations were assessed.

2.5 STATISTICAL ANALYSIS
For the Monkey River and Sittee River sites, soil samples were taken
and the soil moisture content compared with that for similar soil types
at the closest agro-meteorological stations. In this case, soil moisture
content for the Sittee River and Monkey River samples were compared
with soil moisture data from the Melinda Forest and Savannah Forest
stations, respectively. Significance testing was performed to evaluate
the extent to which the data could be considered representative of the
sites.

Results from the three sites (Monkey River, Sittee River and
Middlesex) indicated that biomass yield was significantly higher
for the Middlesex samples when compared to those obtained from
the Sittee River and Monkey River sites (Figure 3). Collectively, the
number of stems, diameter and length of samples from the Middlesex
were larger and significantly more mature than for the other sites
(Figure 4). The samples from Monkey River had the highest number
of stems (65) but recorded the smallest diameters and average length.
Considering that all sites have similar environmental exposure (i.e.
sunshine duration and water availability), it is likely that the relatively
greater competition for resources at the former locations may partly
explain the lower stem numbers at Sittee and Middlesex, when
compared with Monkey River. Stem numbers for Middlesex averaged
7.5 stems per m2, which contrasts significantly with the findings of
Dalianis, 1996 [59], whose research suggested that approximately 50
stems per m2 could be extracted at native sites. The Monkey River site
is noted for its high level of vegetative growth (other species of grasses
and broadleaf plants) and large culms of Arundo donax, indicating a
high level of competition for resources among species. The low stem
numbers for Middlesex would also be expected to be associated with a
reduction in diameter and lower biomass yield, compared to the other
two sites.
In contrast, Sittee River sample plots were located approximately 100
feet from the Riverbank, and it was evident from field observations
that burning occurred frequently. The samples were a mixture of
mature and younger stock with the majority from the latter group.
The fire-resistant nature of the plant allows only the removal the top
growth by fire which hardly affects the extensive rhizomes that sprout
quickly thereafter [30,60]. It is speculated that this is more favourable
for the regeneration of Arundo donax than for native riparian
species [60]. As such, this may have accounted for the high number
of younger shoots emerging from the burnt area, given the reduced
competition for resources after fires which would have eradicated
competing non fire-resistant vegetation. As for the Middlesex plots,
they were in a region where cattle grazing occurs. Consequently, the
nutrients from the animal manure would have contributed to the
growth and development of Arundo donax, reflected by enhanced
lengths and diameters, averaging 4.01m and 3.04cm respectively, the
highest for the three locations.
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Figure 3: Dry and Fresh biomass yields (ton ac-1) of Arundo donax samples from Middlesex, Sittee and Monkey Rivers

Growth was noticeably more robust at Middlesex, where individual
plant heights averaged 4m, in line with the findings of Christou et al.,
2001[61] who reported heights of approximating 5m under native site
conditions. In contrast, the average plant height for both Sittee and
Monkey Rivers was approximately 2.8m (Figure 4).

doi.org/10.33277/cesare/003.002/04

could also be the source of nitrogen, from the periodic application of
fertilizers to the soils. This additional nitrogen would likely enhance
plant growth downstream, especially during the rainy season when
the surrounding areas are flooded. The higher phosphorus content
at Sittee River may partly be attributed to the high incidence of
burning known to occur in the area but much less so at the other two
locations. Climatic and site conditions including rainfall, temperature,
soil moisture, soil aeration and salinity affect the availability of
phosphorus. Generally, soils with pH values ranging between 6 and
7.5 are regarded as ideal for phosphorus availability [64], while pH
below 5.5 as in the case of Sittee River (pH 4.4) is a limiting factor, as
it hinders P mineralisation from organic matter decomposition.
Soils from the Middlesex and Monkey River plots were determined
to be a mixture of sand and clay, while Sittee River samples were of
a heavier clayey material. Soil characteristics according to Perdue,
1958 [33] and Dudley, 2000 [60], play a very important role in
the productivity of Arundo donax, since its vigorous growth is
associated with low-gradient and well-drained soils, as evident in the
Middlesex plots. The values calculated for Middlesex, confirms the
findings of Lambert et al., 2014 [65], whose analyses show that the
soil characteristics, moisture and nutrient content strongly influence
biomass production of Arundo donax (Figure 5).
Table 1: Soil analysis for the three research sites

Figure 4: Number of stems, length (m) and diameter (cm) averages from the three
research sites

The results of soil acidity analysis for Middlesex and Monkey Rivers
showed pH of 6.025 and 7.34, respectively (Table 2). These values were
consistent with those recorded by DiTomaso, 1998 [62], in which it
was found that Arundo donax thrived well on soils with pH ranging
from 5 to 8.7. Perdue, 1958 [33] highlighted that the crop thrives well
where water is located or even near the surface. In all areas where
Arundo donax was observed to be growing, there were water bodies
in close proximity. In particular, the Middlesex field plots were
located within a flood plain, and it is presumed that flood waters
are the primary transport by which the rhizomes are dispersed for
propagation along the banks of the North Stann Creek River.
Sittee River soil samples had a relatively high nitrogen content, and the
high moisture content suggests that inorganic nitrogen may be added
to the soil through atmospheric deposition by rainfall, especially
during the rainy season. Such depositions can be substantial [63]. In
addition, both Sittee River and Middlesex are prone to flooding [58],
and during the rainy season, it would be expected that the flow rate of
the North Stann Creek River would increase due to augmented runoff
from land. In this regard, it is likely that upstream farmland activities

As shown in Figures 3 and 5, highest dry biomass yields were recorded
at the Middlesex site, followed by the Sittee River and Monkey River
sites. Middlesex had the highest fresh and dry biomass yields on
average (15.18 tDM ac-1), although the highest number of stems, 28,
314, were calculated from the Monkey River samples. Middlesex had
the next highest abundance with 27,007 stems, followed by Sitte River
with a total stem count of 21,562. The average dry matter content
for Middlesex, Sittee and Monkey Rivers were 47.4%, 45.5% and
35.2% respectively, under the oven drying method. In comparison,
Christou et al., 2001 [61] under Mediterranean climate conditions
recorded a maximum of 58% dry matter content, which was air dried
rather than oven dried. According to Gunes and Saygin, 1996 [66],
air drying may reduce the moisture content of Arundo donax by a
further 15%, which may also be influenced by the timing of harvest.
For energy generation at the BELCOGEN co-generation facility,
a moisture content of approximately 51% is required for use in the
furnace. This would result in a higher quantity of dry mass, which in
the case of Middlesex with the current 32.02-ton ac-1 of fresh mass,
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would result in approximately 16.3 t DM ac-1 of required dry mass
for co-generation.

Figure 5: The number of stems and dry biomass per acre for research sites at Sittee River,
Middlesex and Monkey River.

doi.org/10.33277/cesare/003.002/04

decrease in the soil moisture content. Although Arundo donax has
been identified as resistant to water stress in dry months [35,69], it
has been shown by o Di Nasso, 2013 [70], that increased heat would
result in the reduction of biomass yield. While higher rainfall and
temperature were recorded at Middlesex, little temperature difference
was observed between the Sittee and Monkey River sites. This might
also result in relatively similar evaporation rates, with any noticeable
variation in soil moisture content likely to be the result of difference
in soil type. It was observed that the growth and biomass of Arundo
donax are highly dependent on climatic conditions. Since the Sittee
and Monkey River sites were not significantly different with respect
to climate and biomass yield, it would be reasonable to conclude that
it is highly likely that the soil type has the greatest influence on soil
moisture and nutrient content.

3.2 ENVIRONMENTAL CONDITIONS
Belize is characterised by two seasons, dry and wet, which lasts from
February-May and June-October respectively. Wet season rainfall
accounts for approximately 60% of the annual average. Figure 6 shows
the average monthly rainfall for the period 1981-2016 at the three
sites. Rainfall is an important variable, as it is known to significantly
influence the moisture content and dry biomass yield of harvested
crops [67,68]. Middlesex monthly rainfall averages approximately
220mm, 40% higher than Monkey and Sittee Rivers. It should also
be noted that the rainfall patterns at Monkey and Sittee Rivers were
not significantly different during the period 1981-2016. However, it
is the differences in soil type and water retention capacity that likely
contributed to the noticeable variation in Arundo donax growth
and biomass yields. These variables are known to have a significant
influence on the level of competition for available nutrients.

Figure 6: Monthly average rainfall for the three research sites from 1981-2016

Rainfall records available for Middlesex for 1990-2016 showed
highest precipitation rates occurring during the period March to
June. With an increasing trend in both the average Maximum and
Minimum air temperature (Figure 7 below), it’s suggested that the
rate of evaporation would be relatively high, which could cause a

Figure 7: Monthly average minimum and maximum air temperature within the three
research sites for 1990-2016

3.3 PROPOSED SITE FOR CULTIVATION OF
ARUNDO DONAX
In 2016 the CCCCC acquired a 400-acre parcel of land in the Orange
Walk District and planned to start the commercial cultivation of
Arundo donax, along with the establishment of yield plots for further
research on the site as identified in Figure 8 [56]. The area was chosen
for its proximity to the BELCOGEN facility at Tower Hill since it
would also reduce transportation costs. There are various options
considered as potential biomass sources, including Attalea cohune
(Cohune Palm) and Acacia mangium (an invasive leguminous
species). However, Arundo donax was deemed to be the best option
because it can be used entirely in its raw state, requiring no chemical
processing and little human input. According to Angelina et al., 2009
[42], growth can be enhanced with the introduction of nitrogenbased nutrients to the soil along with irrigation. In the case of Belize,
this nitrogen addition is achieved through runoff and flood waters
after heavy rainfall. Should the proposed cultivation area experience
a microclimate like that observed at Middlesex, with soil pH ranging
between 5 - 8.7, and planting density between 7.5 – 50 stems per m2,
it is expected that the volumes of Arundo donax biomass required

34
34

Assessing the Viability of Arundo Donax as a Potential Source of Green
Energy for Electricity Cogeneration in Belize
Authors: Forrest H. Smartt, Leonard A. Nurse and Earl Green
Climate Change Specialist, Inter-American Institute for Cooperation on Agriculture (IICA), Georgetown, Guyana
Retired Professor, Integrated Coastal Management and Climate Change Adaptation, UWI, Cave Hill Campus, Barbados
Project Manager, Arundo donax project, Caribbean Community Climate Change Centre (CCCCC), Belmopan, Belize

Journal of Caribbean Environmental Sciences and Renewable Energy
Vol. 3, Issue 2, 2020

to make processing at BELCOGEN economically viable, can be
successfully achieved.

Figure 7: Location of project site within Orange Walk District, Belize. Source: [71]

CONCLUSION 4.0
While constrained by a number of external factors, this study sought
to determine the viability of the cultivation of Arundo donax. The
study was conducted at a time when the implementation of the
proposed CCCCC’s Arundo donax project was not yet well advanced.
As a result, certain critical outputs from the project were not yet
fully realized. For instance, the cost of harvesting, shredding, drying
and delivery to the ASR/BSI plant were not yet available, and more
important, yield data and compatibility testing parameters were
unknown. These data would have contributed significantly to the
assessment of the project’s economic viability. The present study
therefore helped to establish several baselines and generated data on
yields, soil quality and water availability. It was also able to identify
key climate and environmental requirements that could inform future
management practices, when commercial cultivation of Arundo
donax for cogeneration commences.
It was observed that of the three plots, Middlesex showed the
highest potential for dry biomass production with the lowest soil
moisture content. Since Arundo donax could be grown successfully
in moderate rainfall conditions with minimum anthropogenic
inputs, it represents a cheap and efficient feedstock for producing
bioenergy. Further, the research indicates that despite the variability
in the biomass yield at the three sites, Arundo donax produces more
biomass than sugarcane which is currently used in the cogeneration
process. Adequate sugarcane biomass (bagasse) is presently available

doi.org/10.33277/cesare/003.002/04

only during the sugarcane harvest season. Commercial production
of Arundo donax would therefore assist BELCOGEN in achieving its
target of delivering 13.5MW of electricity to the grid year-round.
Belize is the first country in the Caribbean to substantially invest
in scientific investigations into the viability of Arundo donax as
a potential fuel source. This CARICOM state has also embarked
on an initiative to produce the feedstock on a commercial basis to
supply the quantities that would be needed to support sustainable cogeneration. The results from this research suggest that Belize possesses
appropriate climate conditions, soil quality and available land for the
successful production of Arundo donax to meet the requirements of
the BELCOGEN facility. As a fuel source, Arundo donax represents
a superior alternative to bagasse, the by-product of sugar cane, and is
capable of supplementing the latter to ensure adequate feedstock for
cogeneration throughout the year.
Research on Arundo donax and its viability, inclusive of its potential
for commerciality, is ongoing at the Caribbean Community Climate
Change Centre in Belize. There are many potential benefits to be
derived from exploring the use of Arundo donax as an energy
source. These include (i) the fact that Arundo donax can be grown
successfully on non-arable land, and therefore would not pose a
threat to crop production and food security (ii) its biomass yield
per hectare exceeds that of many fuel crops, including sugar cane
(iii) the positive environmental benefit that would be derived from
a vastly reduced carbon footprint when compared with hydrocarbon
fuels (iii) commercial use of this biofuel would enhance the energy
security of Belize, which currently imports >40% of its electricity
from neighbouring Mexico and (iv) the substantial foreign exchange
savings that would accrue to the country consequent upon the
reduced dependency on imported electricity.

RECOMMENDATIONS 5.0
Based on the findings of this study, the following recommendations
which are offered as potential contributions to enhancing the
ongoing research on and use of Arundo donax as an energy source.
The suggestions focus both on areas of research that remain to
be investigated, and aspects that need to be better understood and
clarified.
It is recommended that analyses on a germplasm level be conducted
to properly identify Arundo donax. The close relationship of different
varieties of the same genus can be very misleading, particularly with
respect to physical identification. Therefore, the use of a germplasm
analysis tool to more accurately and efficiently identify the species on a
genetic level should be considered. In addition, it is also suggested that
a national economic feasibility study on the commercial cultivation of
Arundo donax be conducted for Belize. Specifically, a Cost Benefit
Analysis (CBA) of cultivating Arundo donax as compared to the
current cultivation of sugar cane in relation to farmers’ livelihood.
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Further evaluations of the propagation methods (rhizomes, stem
cuttings and hydroponically cultivated shoots) and the effects of
introducing nutrients particularly Nitrogen (N), phosphorus (P)
and potassium (K) to enhance growth and maximize yield are
recommended. Such evaluations should give careful consideration
to the choice of locations, in order to ensure that the influence of
different soil types and conditions can simultaneously evaluated.
During the moisture content testing, it was found that the Arundo
donax biomass particles were not consistent with respect to exposed
surface area, and as a result, the percentage moisture content
calculated varied randomly. Therefore, it is recommended that
research be conducted to provide a better understanding of the range
of particle sizes that would provide the consistently appropriate
moisture content required for efficient burning of the biomass in the
cogeneration process. According to Williams et al., 2008 [72], Arundo
donax can produce approximately 45 tDMha-1 cellulosic biomass a
year, utilising less land and fertilizer, but would require substantial
irrigation. In this case, it might be useful to investigate Arundo’s
tolerance for, and productivity utilizing readily available non-potable
water for irrigation. The sources of such water could be wastewater
from urbanized areas or from industrial output, absent of pesticides
or toxic residue. According to Angelini et al. 2009 [42], Arundo
donax appears to be susceptible to few known pests and diseases.
Consequently, it is suggested that further exploratory investigations
be undertaken to determine the veracity of this claim, and to identify
those pathogens that might pose higher risks under future climate
scenarios.
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