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ABSTRACT
Diesel grid cost parity can be a strong driver for new
renewable energy investments in small islands developing
states. The case of Montserrat as a Caribbean island is
analysed as a promising starting point to develop a
replicable business model for renewable energy
utilization on Caribbean islands. A joint project between
the Government of Montserrat, CARICOM, GIZ, and
Siemens AG found that an energy transition based on
photovoltaics, geothermal energy and energy storage
systems is an attractive and feasible path towards
independency and sustainability.

INTRODUCTION
Potential diesel parity of renewable energies is one driver
for new renewable energies and analyzing the case of a
Caribbean island can be the promising starting point to
develop a replicable business model [1]. Montserrat, with
a population of about 5000, has been a full member of
CARICOM since 1st May 1974 and is 100% dependent
on imported fossil fuels to meet its energy needs. This
represents an energy bill of about US$15 million annually
with 45% of this imported energy being used for
electricity generation. Montserrat has a vertically
integrated electricity utility, Montserrat Utilities Limited
(MUL), which handles the electricity needs of the island.
The Government of Montserrat, (GoM), through the
CARICOM Secretariat Energy Unit under the Caribbean
Sustainable Energy Roadmap and Strategy (C-SERMS)
framework received support for a technical evaluation of
the cost effective integration of solar power into the
electricity grid. The integration study was implemented
by Deutsche Gesellschaft für Internationale
Zusammenarbeit GmbH (GIZ) and Siemens AG.

ENERGY NEEDS AND POTENTIAL
The GoM has a goal of achieving 100% renewable
energy in the electricity sector by 2020 primarily from
geothermal energy of which the island has an estimated
940 MW of potential capacity [2]. Two production wells
have been drilled to date, each with a proven capacity of
at  least  1.5  MW  and  a  third  well  is  currently  being
drilled. The GoM has secured financing for geothermal
surface exploration, production drilling and well capacity
testing from UK-DFID. In addition, it has secured

financing for Phase 1 250 kW Solar PV installation from
the European Union EDF10 programme. The GoM is
currently working with its two main financial donors
(UK-DFID & EU) to finance the completion of both
geothermal and solar PV projects.
Today’s MUL grid is powered from four high-speed
diesel generators located at the Brades generation facility
with a total installed capacity of 4.5 MW. The Second
Power Project Montserrat consisting of new a power
house building, a new management and control system
and a 1.5 MW medium-speed diesel generator set funded
by UK-DFID and the Caribbean Development Bank
(CDB) is due for completion, commissioning and
operation in the first quarter 2017. A total diesel
generating capacity of 6 MW would then be available,
however 1 MW (1 high-speed generator set) is planned
for emergency generation only. The peak demand on the
island is 2.2 MW and this is expected to double over the
next 20 years due to the introduction of affordable
geothermal energy.

CREATION OF A SHARED VISION
The first step of the integration study was to have a joint
discussion of the planned changes to the Montserrat
energy system with all key stakeholders to create a shared
vision of the future energy system of Montserrat. This
shared vision is important to align interests and allow all
stakeholders to work together on the realization of their
joint vision. The meeting with key stakeholders in
Montserrat included the Government of Montserrat
(GoM), Montserrat Utilities Limited (MUL) and the
Montserrat Reconstruction Commission (MRC). The
process to create one shared vision was built around
possible objectives the participating stakeholders could
have, when changing the island’s energy system. The
identification and prioritization of all relevant objectives,
allowed everyone to understand existing intentions and
motivations and subsequently helped to shape the shared
vision together with an aligned roadmap for the
development of the PV Integration in Montserrat.
There is generally strong coherence from stakeholders in
moving in the direction of solar PV integration into the
power grid as well as development of electric mobility on
the island. For the island of Montserrat, absolute self-
sufficiency [3], thus the independency of fossil fuels and,
thus, energy imports is an attractive long-term goal. The
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stakeholder groups strongly agreed in some areas, for
instance, to see Montserrat as a first mover in renewable
energy, to see the PV integration improve the resilience
of the grid and to increase the use of indigenous energy.
There were slightly different viewpoints on which
objectives are highest priority in other areas. For instance,
both the GoM and the MRC saw affordable electricity as
a  strong  priority,  whereas  MUL  saw  the  introduction  of
new tariffs and services as a strong priority.
In  general,  all  stakeholders  agreed  in  the  vision  of
achieving a fossil-free island by development of the
geothermal resources and PV on the island for electricity
generation and electric vehicles on the demand side and
as an additional storage.

SOLUTION DESIGN AND SIMULATION
A model of the grid at the generation and transmission
levels was built in SIEMENS PSS SINCAL® software
using data supplied by MUL. After validating the output
from  the  model  by  simulating  business  as  usual,  BAU
operation  under  static  conditions,  the  PV  plant  was
inserted and a simulation performed using solar
irradiation data from the Caribbean. The system was
modeled under peak load conditions to verify that there
would be no technical operating issues.

Network Stability Evaluation
The system was then modeled with the addition of 1
MWp DC solar photovoltaics, with a point of common
coupling at the MUL Brades generation facility bus bar
(see figure 1).

Figure 1: PSS Sincal Network Diagramm cutout showing the
location of the PV plant for the network stability calculations

The  addition  of  7  MWh  of  energy  storage  was  then
investigated for smoothing out the operation of the
generator sets with the solar PV. This amount of storage
was later found to be uneconomical for addition to the
network as the required expense is not justifiable through
fuel and maintenance cost savings.
The next simulation step consisted of the substitution of
the diesel generation plants with geothermal generation.
The analysis took into account the need to shut down the
geothermal plants for 10% of the time for maintenance
during which the diesel generators would be running.
For each load flow simulation case, the worst case
scenarios of maximum load, minimum and maximum PV
generation were simulated with no line loading or voltage
deviation outside of acceptable constraints being
encountered.
It was noticed that on weekends one generator set might
be forced off by exceeding the lower allowable load limit

for operation as illustrated by Gen 5 in figure 2.

Figure 2: Operation of Generator Sets and PV Generation to
Supply System Demand

In this case, it has been suggested that the PV plant
output can be curtailed or energy storage can be added to
the system.
With the addition of the PV generation plant to the
network, it is necessary to ensure that there is sufficient
short circuit power available under the most extreme
operating conditions. This is to ensure that the
mechanical components don't fail and that the protection
system continues to work as expected. Maximum and
minimum short circuit requirements were therefore,
evaluated for the operation of the solar PV plant and the
worst case combination of operating diesel generator sets
(under N-1 conditions).

Space requirement evaluation
It has been estimated that about 10,000m2 would be
required  for  the  installation  of  the  1  MWp  PV  system.
The solar PV is expected to be installed on roof tops,
parking lots and virgin land near the generation facility.
The planned installation is distributed as illustrated in
figure 3.

Figure 3: Proposed Location of 1 MWp PV at Brades,
Montserrat

The proposed location is a combination of the Brades
virgin land, car parks and rooftops near the Brades power
plant location. This allows the energy to be fed into the
network  at  the  main  generator  bus  bars  and  results  in
minimal impact on the network. Additionally, it allows
high visibility for the general public and easy access by
MUL employees for maintenance.
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Evaluation of Storage Needs
Energy storage systems can have various benefits for
different stakeholders [4]. The first analysis of different
simulated scenarios, showed that storage for the sole
purpose of smoothing out the operation of the diesel
engines  (i.e.  the  7  MWh  mentioned  previously)  is  not
recommended as the extra savings in diesel fuel
consumption and maintenance costs would not be
sufficient to justify the extra expenditure on the storage
system. However, when analysing the planned
transformation into a system depending on geothermal
and PV energy, we came to the conclusion that a
relatively small storage system could be advisable to
ensure the stable operation of the future combination of
Geothermal and PV energy, depending on the yet
unknown operating specifications for the geothermal
plant.  The  following  scenario  was  assumed  for  the
recommended dimensioning of the storage system:

§ Firstly, a typical geothermal plant ramp cycle is
used. The typical ramping rate of a geothermal
plant is considered to be minimum 10% of the
nominal power per minute.

§ Secondly, the storage is sized to account for the
maximum expected residual load in an extreme
power fluctuation event from the PV system.

§ Thirdly, such an extreme event is defined as one
where  75%  of  the  PV  capacity  is  lost  due  to
rapid cloud coverage and the network load
increases by about 200 kW at the same time.

§ Finally, it is recommended from best practice
that the storage should suffice to cover such an
event for a duration of at least 15 minutes.

Under these conditions, the required storage power is
750 kW with a storage capacity of approximately
200 kWh. This would be a recommendation for achieving
the maximum use of variable renewable energy by
minimizing the use of the diesel generators, which would
otherwise have to be operated as spinning reserve. The
storage can also be used to provide ancillary services to
the network, e.g. night time peak shaving and voltage
control.

BUSINESS CASE EVALUATION
Having proven that the integration of 1 MWp of solar PV
and battery storage are technically feasible, a financial
analysis was performed to determine whether there is a
strong business case for proceeding.

Framework Condition Assumptions
The underlying main assumptions and input data have
been aligned with the information received from MUL
and the government of Montserrat. A discounted
investment cost cash flow model was built to compare the
cost of the renewable energy options to the diesel
generation business as usual case for the next twenty-five
years. It is assumed that the demand grows linearly to
double the current level of 12.6 GWh over the next
twenty years and then remains constant for the following

five years. A discount rate was assumed as the weighted
average cost of capital of MUL (being slightly higher
than the Bank of Montserrat's lending rate).

Technology Data Assumptions - Base Case
The financial model consisted of a base case
configuration for diesel only generation representing
business as usual in which the old diesel generator sets
are replaced instead of the installation of the geothermal
power plant in 2019. This sets the basis for comparison of
the investment cash flows in renewable energy power
plants as compared to the present situation. A second
base case configuration was created for the renewable
energy investments into solar, geothermal and battery
storage. In this case, it is assumed that:

§ There is no future investment in new diesel
generator sets and that diesel generation is still
used for 10% of the year during the periods
when the geothermal plant undergoes routine
maintenance.

§ 250 kWp of solar PV is installed in 2016 and a
further 750 kWp is installed in 2017. This two
step approach is proposed to allow for all
procedural kinks to be sorted out while
experience is gained by MUL in the smaller
system installation and operation.

§ 3 MW of geothermal are installed in 2019 and a
further 1.5 MW is installed in 2024.

§ 750 kW/200 kWh of storage is installed in 2017
and replaced in 2032 at half the current cost.

Additional assumptions and simplifications were:
§ CAPEX are assumed to occur all in the year of

investment.
§ There is one new Diesel generator with

1.5 MWel, which will not be retired from
service  within  the  coming  25  years  in  both
configurations. This will be used in emergency
situations and during geothermal plant
maintenance. Investing in more storage than the
recommended size would be costly.

§ In  the  RE  configuration,  there  will  be  no
investment in new diesel generators as the old
ones will do for backup.

Sensitivity Analysis Assumptions
In order to evaluate the effect of changes in investment,
operation and maintenance costs on the profitability of
investment in renewable energy and storage compared to
the business as usual diesel only generation case, a
sensitivity analysis was performed. Four scenarios were
evaluated with the following descriptions:

§ Unfavourable RE Conditions Case: In this
scenario, the investment and O&M costs for the
solar PV, geothermal and storage options were
increased over the base case levels. At the same
time, the cost of diesel fuel was projected to fall
over the analysis time frame.

§ Favourable RE Conditions Case: In this
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scenario, the investment and O&M costs for the
solar PV, geothermal and storage options were
decreased over the base case levels. At the same
time, the cost of diesel fuel was projected to rise
over the analysis time frame.

The following two scenarios were modelled to separate
the effects of the most important variable, i.e. the price of
diesel.

§ Cheap Diesel: This modelled the effect of a
lowering of the price of diesel only compared to
the base case scenario over the analysis time
frame.

§ Expensive Diesel: This modelled the effect of a
rise  in  the  price  of  diesel  only  compared to  the
base case scenario over the analysis time frame.

Base Case Results
The performed analysis provides the following results, if
the RE Concept is realized in comparison to the diesel-
only concept:

Figure 4: Comparison of Generation Configurations by Net
Present Costs

§ There are potential savings of more than 24
million Euros over 25 years from the investment
in renewable energy over the current base case
diesel energy production configuration which
would lead to a reduction of the LCOE from 9.4
Euro-cents to 4.6 Euro-cents per kWh (see
figure 4).

§ Within  25  years,  more  than  124  Mio.  Liters  of
diesel can be saved, which translates into more
than 330000 tons of CO2 emissions.

§ In addition to the positive business case, there is
additional production potential with the planned
geothermal plant size. An additional minimum
of 10 GWh of energy per year could be supplied.

§ If all of the available geothermal generation
capacity can be utilized, e.g. through the
establishment of new industries, the cost of
generation could be further reduced from 4.6
Euro-cents per kWh to 2.7 Euro-cents per kWh.

Sensitivity Analysis Results
The sensitivity analysis showed the same trends as seen
in the base case analysis (see figure 5). Seen another way,
the savings of the renewable energy case over the diesel
generation case can be considered as the cost of inaction
if continuing with the business as usual diesel generation
scenario. The key conclusion is that, in all scenarios,
there are significant savings from transitioning to
renewable energy particularly as the marginal cost of
generation is much lower than for fossil fuel generation.

Figure 5: Sensitivity Analysis - Savings due to renewable energy concept compared to diesel-only-configuration
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CONCLUSION
In all scenario evaluations, based on a net present cost
analysis, there is a strong business case to transition to a
combination of solar energy, geothermal energy and
energy storage in the generation mix compared to diesel
only generation.
The cost of delaying investments into renewable energy
is shown to be very high. The immediate investment in 1
MWp  of  solar  PV  generation  can  be  considered  as  a
derisking measure for geothermal energy as it can reduce
costs during the waiting period for geothermal investment
and it also reduces the peak load on the geothermal plant
when it comes into operation.
The geothermal production potential from the 4.5 MW
plant will be greater than the projected demand.
Consequently, there will be an opportunity to develop
energy intensive industries to utilize this extra energy and

drive down the cost of each kWh produced.
In conjunction with the stakeholders, the following
roadmap was agreed upon (see figure 6).
For the first step, a two phase approach is recommended
with an initial 250 kWp installation followed by a second
installation of 750 kWp in the areas indicated in Figure 3.
Thus, the integration of a total of 1 MWp PV solar plant
primarily at utility scale and grid connected generation,
mainly located at the generation site of the current diesel
power plant and in the vicinity of the government
buildings in Brades, Montserrat.
The second step consists of introducing geothermal
power plant together with a storage system as well as
electric vehicles. After gaining experience with the new
generation configuration, the envisioned situation can be
reached: A 100% fossil-power free island in normal
operation mode with diesel engines only for emergencies.

Figure 6: Aligned roadmap for the energy system transition towards a 100% renewable energy system
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