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Abstract

The need to develop and adopt clean and sustainable sources of energy has reached its
peak, and the longevity of the planet hangs in the balance and we rapidly approach the
point of no return if global temperatures climb much higher. The search for such
energy sources has drawn the attention to hydrogen as a diverse energy carrier,
offering benefits such as energy storage and transportation with minimal losses, a near
limitless supply of energy, and at the cost of minimal emissions if integrated with
renewable energy systems. This thesis models both the cogeneration potential of
hydrogen and the capacity for producing a sustainable and clean supply of energy to a
isolated community in the Falkland Islands. The proposed hydrogen fuel cell
combined heat and power system is compared to that of the existing fossil-fuel based
power generation system to investigate the performance of each system and evaluate
the benefits afforded by a hydrogen economy. The results obtained through the
simulation of a number of system configurations were promising for the immediate
future; a hydrogen fuel cell in combination with the installed renewable energy
systems can meet the electrical demand of the main Island town. However, the system
envisioned for the future would require upgrades to the existing systems as both the

energy demands and generation technologies continue to grow.
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1. Introduction

Fossil fuels have been the primary source of energy for hundreds of years due to their
large energy density and ease of storage and transportation; using oil, coal and natural
gas for power generation, kerosene for heating, and petrol and diesel in our cars.
However, rising concerns on the effects of harmful emissions from burning fossil
fuels have climaxed in recent vyears, following a report issued by the
Intergovernmental Panel on Climate Change (IPCC) warning of the irreversible

repercussions of global temperatures rising more than 2°C above preindustrial levels.

(IPCC, 2018)
FAQ1.2:How close are we to ?
Human-induced warming reached approximately 1°C above
pre-industrial levels in 2017
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FAQL.2, Figure 1: Human-induced warming reached approximately 1°C above pre-industrial levels in 2017

At the present rate, global temperatures would reach 1.5°C around 2040

Figure 1 Global Temperature Trends (IPCC, 2018)

The response to combatting climate change has been mixed around the world, but in
countries such as Scotland, renewable energy systems have matured to the stage

where enough electricity has been generated to fulfil the national power demand



nearly twice over from wind energy captured in only 6 months.
(Weatherenergy.co.uk, 2019)

Research into clean and sustainable sources of energy prompted the development of
hydrogen fuel cell technologies, which had been conceived as early as the mid 1800°s.
Hydrogen, the most abundant element in the universe, is an extremely flexible energy
carrier. It can be produced from a near limitless supply in the form of water, with very
low emissions if generated through the use of renewable energy systems. It is diverse
in its applications as a fuel source through the use of hydrogen fuel cells for both
small and large scale electricity and heat generation and transportation, and it
provides a means of long term energy storage or long distance transportation of
energy with minimal transmission losses compared to its purely-electric counterparts.
Its viability at present is limited by the cost of both the fuel cell technologies and
hydrogen fuel supply. The adoption of a hydrogen economy may provide a long-term
solution to a low-carbon future, and in certain applications offers greater advantages
than competing clean energy solutions.

OCTA, the Association of the Overseas Countries and Territories of the European
Union recognises the energy supply challenges faced by small islands economies
because of their isolation and often remote location from the nearest mainland,
namely grid access and import/ export of fossil fuel based energy. With a dependable
and cost effective energy supply, business investment and employment follow and
lead to economic growth and stability for the islands’ communities. Accordingly EU
Research is being commissioned into renewable energies that work in synergy with
the OCTs natural resources be that wind, wave, hydro or solar energy capture and
effective storage to achieve a self-sustaining power supply. Indeed, OCTA have

stated that ‘ an island environment is an ideal living lab for piloting smart grid



applications’ such as extension of wind farm performance, electric transport and
evidencing the energy saving impact for homes and businesses, REF.

This EU initiative lends support and justification for the chosen field of this research
investigation into the Falkland island energy systems and gives a global context to
direct their long term strategic planning towards a fully self- sustainable integrated

hydrogen fuel based economy in the future.

The Falkland Islands is a British Overseas Territory off the South East coast of the
South American coast, with a history of surpassing British and global goals for
sustainable energy integration through renewable energy systems adoption. The
Falklands is an island community with no connection to the mainland of Argentina
and with a weak and outdated grid infrastructure that only covers the larger
settlements and not the scattering of farms around the rest of the island. They continue
to rely heavily on imports of diesel and kerosene to bear the brunt of the power and
heating load in the larger towns and have been unable to make the most of their
expensive windfarm due to the added expense of battery storage. Their situation is
further compounded with inadequate infrastructure that cannot handle the increased
load. (Worlddata.info, 2019) Being a fuel-based economy, it was theorised that the
conversion to a hydrogen economy would not only provide obvious reductions in
carbon emissions but would also offer a particularly suitable path to a more
sustainable and secure energy future.

This thesis shall investigate the current heating and electricity generation systems in
the Falklands in order to develop a sustainable and clean power source and explore

the next steps in minimising the island’s dependency on fossil fuels for the future.



11 Aim

This thesis aims to provide analysis on the potential performance, emissions and cost
of adopting a Hydrogen economy in the Falkland Islands, by modelling a hydrogen
fuel cell CHP system with links to other renewable energy systems and Hydrogen
storage capabilities. The hydrogen fuel cell CHP system will be modelled alongside
current and competitive technologies considering fuel pricing and energy tariffs and

compared to the existing fossil-fuel based power system currently in use in the

Falklands.
1.2. Scope

The current state of Hydrogen fuel cell technologies and Hydrogen fuel prices limits
itself as a competitive alternative in comparison to fossil fuels and their energy
generation technologies. This thesis will model the Hydrogen fuel cell technologies
and fuel source at a competitive price to that of the fossil fuel systems, and their
related costs, that are currently active on the Falkland Islands. It is expected that the
relative cost of Hydrogen fuel cell technologies will decrease over time as more
research and development is carried out in the field, which will have a incremental
effect on the supply price of Hydrogen.

For the purposes of this thesis, it is assumed that the supply of Hydrogen will be
provided to the Falkland Islands by the current provider of fossil fuels to the Islands,
Stanley Services Itd (Stanley-services.co.fk, 2019)

The Hydrogen fuel cell system will be compared to a model of the currently active
fossil-fuel system supplemented by renewable energy generation in the form of a
wind farm. This model was developed using electricity generation data obtained

directly from the Stanley Power Station and Sand Bay windfarm.
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Heating and electrical demand was kept constant across all system configurations.
All analysis was conducted for the period 6th July 2018 to 5" July 2019. This period

was selected as it provided the most current data at the time of writing.

1.3. Method

This section will detail the modelling scenarios and data analysis method used
through the course of this research investigation to evaluate the various energy
systems that could be employed in the Falkland Island, either individually or in
combination, to sustain or eventually replace their fossil-fuel based energy
requirements. An initial research and review of appropriate literature was carried out
to identify a location that currently presented many challenges for conventional
energy supply, had natural renewable resources and offered maximum potential
benefit in a drive to achieve 100% self-sustaining CHP systems and removed reliance
on and decrease use of fossil fuels. Due to its remoteness from nearest mainland, its
maritime climate & prevailing weather conditions (America et al, 2019) challenging
the logistics of its supply chain, the Falkland Islands presented an ideal candidate for
this research investigation. From this point the detailed project scope and aims were
defined. A decision was made on the most appropriate available software to analyse
combined heat and power systems with inbuilt databases on climate (EnergyPRO) and
electrical & heating demand profile estimator (HOMERpro). Following this, trials
were conducted with the software to determine its capabilities and the input data
required.

Climate data spanning a full year to account for seasonal variations in weather was
obtained at hourly intervals, a frequency that would then afford sufficiently detailed

appreciation of daily variations in weather conditions.
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A number of system configurations were created to allow for the comparison between
the existing and proposed power supply systems and the evaluation of the

performance of each.

1.3.1 System Configuration 1 — Current Diesel & Wind CHP System

This configuration represents the currently active CHP system employed in Stanley.
This system features a primary power generation source provided by 8 diesel
generators at the Stanley Power Station, supplemented by power generated by the 6
330kW wind turbines at the Sand Bay wind farm. (Thewindpower.net, 2019) This
configuration was constructed using the power generation data provided by Stanley
Power Station for both diesel and wind power. This configuration will provide the

baseline to which the proposed Hydrogen-based configurations will be compared.

1.3.2 System Configuration 2 — Hydrogen Fuel Cell CHP System w/

RES Integration

This configuration represents the simplified Hydrogen CHP system proposed, which
will take the place of the diesel generators in System Config. 1, and will be
supplemented by the electrical generation of the Sand Bay wind farm. The fuel cell
will be sized according to the average and peak electricity demand of the city. This
CHP system aims to provide 100% of the electrical demand of Stanley. The heating
potential of this system will then be assessed to identify the contribution that can be

made towards the heating demand of Stanley.
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1.3.3 System Configuration 3 — Hydrogen Fuel Cell CHP System w/

RES Integration for Hydrogen Production

This configuration represents the envisioned fully sustainable Hydrogen CHP system
for the Falklands. This is an iteration of System Configuration 2 with the integration
of renewable energy systems, specifically the wind power generation capabilities of
Sand Bay wind farm, being utilised in this configuration to create the required supply
of Hydrogen through electrolysis. Assessment of this configuration will require the
evaluation of the maximum achievable generation potential of the Sand Bay wind
farm to evaluate if it is capable of producing a sufficient supply of Hydrogen to
maintain the energy demand on the CHP system. Following this, an assessment shall
be made to see if the hydrogen CHP system sized for System Configuration 2 is able
to meet the increased electrical demand once the direct contribution from the wind
farm was removed. However, EnergyPRO does not feature a means of modelling
hydrogen production with an electrolyser. In order to evaluate the annual hydrogen
production, the total annual electrical supply from the wind farm was used as the

input to a generic industrial-scale PEM electrolyser.

2. Literature Review

2.1. A Brief Summary of the Falkland Islands

2.1.1. Overview

The Falkland Islands is an archipelago consisting of the two main islands, East
Falkland and West Falkland, and 776 smaller islands, situated around 300 miles east
of the Southern Patagonia coast. The islands cover an area of 4,700 square miles with

a population of 3,400, around 2,500 of which live in the capital; Port Stanley. The
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remainder of the population are dispersed between the many farms that provided the

primary source of the Islands’ income through the production of wool and other

agricultural products. According to the Census of the Falkland Islands, conducted in

2016, Stanley consists of 900 houses and 73 flats. The initial discovery and ownership

of the islands is a contentious issue as the British, French

, Spanish and Argentines

have all held settlements on the island. This conflict was reignited with the invasion

of Argentine forces in 1982. However, most islanders claim British descent, and the

islands are known as a self-governing British Overseas Territory, relying on the UK

for their defence and foreign affairs policies. (Globalislands.net, 2019)
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Figure 2 Map of the Falkland Islands
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2.1.2. Stanley Power Station/Fossil Fuel Power

Stanley Power Station located within the town itself has an installed capacity of
6.6MW, provided by eight diesel generators. These generators range in size from
320kW to 1,500kW, and are between 30 to 50 years old. The old generators feature
none of the modern emissions control systems nor the sound and vibration proofing
features that are demanded by the UK standards of today. As they approach the end of
their operational life, engine services and failures are becoming a more common
occurrence. This has put increasing strain on the power station’s ability to provide a
reliable source of power to meet the current demand, and as the demand for electricity
continues to rise, this growing uncertainty prompted government planners to act. In
2018, plans were confirmed for the development and construction of a new full-diesel
power plant in Stanley which would replace the current station. While the Falkland’s
government have acknowledged the requirement for renewable energy sources to be
more heavily adopted in the future, the replacement diesel Power Station “remains
necessary...to provide a reliable power source to meet current and future demand.”

(Falklands.gov.fk, 2018)

2.1.3. FIDC & Rural Wind

The Shackleton Report, written by Lord
Shackleton in December 1977 (Drewry,
1977) set out a number of recommendations
for the continued economic growth of the
islands. This prompted the establishment of
the  Falkland Islands  Development

Corporation (FIDC), and since 1996 they
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have worked alongside the Falklands government to maximise the use of renewable
energy systems on the islands. As an island community still reliant on outdated
infrastructure, the Falklands are primarily a fuel-based economy. The population is
too widely dispersed for there to be an island-wide power grid. Homes rely on
kerosene for heating, and diesel generators provided the only source of electricity for
the hundred or-so farms scattered across the islands, and even then, only for a few
hours of the day. (FIDC, 2019a) The Rural Energy Grant scheme was established to
help farms and businesses outside of the Stanley catchment area to invest in a
standalone power system incorporating a renewable energy source which would

provide them with access to electricity 24-hours a day. (FIDC, 2019b)

2.1.4. Sand Bay Wind Farm & Urban Wind

Further honouring their commitment to the increased use of renewable energy
systems, in 2006 the Falkland’s government commissioned the Sand Bay onshore
windfarm, located just 8km west of Stanley. The initial installation of three Enercon
E33 turbines, each with a 330kW capacity, was enough to reduce the price of
electricity on the island by 6 pence per kWh. In 2010 three more E33 turbines were
added, bringing the total capacity of the Sand Bay windfarm to 1.98MW.
(Thewindpower.net, 2019) The windfarm’s output on average covers around 40% of
the islands’ demand and has been known to contributed up to 50% on days with
particularly favourable wind conditions. However, as with all wind turbines, the issue
of storage of surplus electricity that cannot be absorbed by the grid has plagued the
Falklands as much as any other isolated island community. (Carlosstjames.com, 2019)
Like many isolated island communities, the Falklands have yet to decide on a suitable

solution to combat the dispatchable limitations of wind energy as a fully flexible and
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controllable energy source. In order to achieve the highest possible yield from the
windfarm, a storage solution must be devised to store the surplus electricity generated
that cannot be absorbed by the small and outdated grid on the islands. Discussions
amongst the islands’ development committee have confirmed large-scale battery
storage to be an expensive solution. The adoption of more electric vehicles (EVS)
around the island was suggested, which would act as a ‘driveable’ micro-grid of
micro-storage banks to absorb some of this otherwise wasted electricity. However,
uptake has been almost non-existent as most vehicles on the island are larger more
rugged off-road trucks designed to handle the highland terrain and carry out the duties
expected of a farm vehicle. Investigation into the use of Hydrogen storage, involving
the conversion of wind-generated electricity into Hydrogen through electrolysis, was
short and inconclusive. Yet the islanders remain open to the concept if it is proved to

be a viable and cost-effective energy solution.

2.2. The Hydrogen Economy

The term ‘Hydrogen economy’ refers to the use of hydrogen as the main source of
fuel to deliver a low-carbon future. (The hydrogen economy, 2004) Hydrogen is an
extremely versatile and abundant fuel source, and as the lightest element in the
periodic table it also offers the highest energy density per unit mass between 120-
143MJ/kg. (Hypertextbook.com, 2005)

A hydrogen economy utilises hydrogen to produce electricity through hydrogen fuel
cells. (UKHFCA, 2019) Similarly hydrogen is used as a fuel in Hydrogen Fuel Cell
vehicles that are becoming increasingly popular. (Lane, 2017) Crucially, however,
hydrogen is able to bridge the gap between clean and sustainable renewable energy
sources as it can be produced sustainably, with the ability to store and transport

energy in the same way that other solid fuels can.
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Figure 3 Hydrogen Economy Roadmap (newenergytreasure.com, 2019)

A hydrogen economy is in direct competition with a purely electric economy, where
electricity is the medium for power, heating, and transportation in the form of electric
vehicles (EVs). The downfall of a purely electric economy is in the expensive,
inefficient battery storage solutions, and transmission losses which make the
transportation of electricity impractical over long distances. Today, the adoption of a
purely electric economy has been the more popular choice globally. An appreciation
of this is evident in the uptake of low emission transport. In the United Kingdom,
there were just under 220,000 registered plug-in electric vehicles, available in over
125 different models, and serviced by 24,000 charge points around the country. With
only 3 models of Hydrogen car available globally, and just 16 active hydrogen
refuelling stations in operation in the UK, the poor uptake of Hydrogen vehicles can
mostly be attributed to the higher initial vehicle purchase and fuel costs compared to
their purely electric counterparts. EVs appear to be the quick fix alternative to reduce
carbon-based fuel emissions for now, however the relatively short operating ranges

and long charge times are an inconvenience alongside concerns for the life and
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recycling of the batteries are factors that may discount them as a long-term solution

for low-emission transport provision. (The Week UK, 2019)

2.3. Hydrogen Fuel Cells

A hydrogen fuel cell (FC) is an electrochemical device which converts chemical
energy from a fuel source, Hydrogen, and an oxidising agent, Oxygen, into electricity
through a pair of redox reactions. In hydrogen fuel cells, the waste product is water
and the by-product is heat. Fuel cells are more like an engine rather than a
conventional battery in that they require a continuous supply of fuel and oxygen in
order to sustain the reaction. (Hydrogen.energy.gov, 2019)

The basis of all fuel cells is a pair of electrodes; the cathode which carries the negative
charge and the anode which carries the positive charge, and an electrolyte which
separates the electrodes whilst still allowing the transfer of electrons between the two.
The hydrogen fuel is fed to the anode, whilst air is fed to the cathode. A diagram of a

basic hydrogen fuel cell can be seen in Figure 4 below.

Electric current
=W
Fuel in e lv Air in
= |{ el <=
- o ‘ —

b e

Hzi <

0,
H+
: Unused
Excess e air, water,
fuel out 20| and heat
=
<= =
/ \
Anode | Cathode
Electrolyte

Figure 4 Diagram of a Hydrogen Fuel Cell
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The ‘redox reaction’ that takes place is a combination of atomic oxidation and

reduction. (Esru.strath.ac.uk, 2019)

Anﬂ‘dﬂ': H;\-.:g:. =+ 2 Hf‘:‘q' + .2 [
Cathode: 12 Ogg + 2 Hiyy +2 & = HOy
Call: H;\-.:g:. + 120 =1 —+H 2':'.:.;.

The oxidation reaction occurs at the anode and is the loss of electrons from the
Hydrogen atoms. A catalyst is used to help split the Hydrogen molecules into protons
and electrons, which take different paths to the cathode. The flow of electrons from
the Hydrogen fuel source to the cathode provides the electricity current from the fuel
cell. The protons from the Hydrogen atoms travel through the electrolyte to the
cathode, where they pair with the Oxygen atoms in a reduction reaction which
produces the waste water and some waste heat. The water and any unused gases are
exhausted from the cathode, whilst any excess Hydrogen is recycled around the
anode.

Temperature levels must be carefully monitored and regulated within a fuel cell, and
many systems use waste heat to preheat the hydrogen fuel and air supply. Operating
temperatures are high enough to be useful in other heating applications (See Section
2.8).

The described fuel cell acts as only a single cell, which only produces around 0.6V.
However, a number of these cells can be combined in fuel cell stack. Chaining fuel
cells in series increases the voltage produced by the fuel cell stack and combining in
parallel will increase the current. Similarly, increasing the effective surface area of a

fuel cell will help to increase the current developed in each cell. An effective fuel cell
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design will have the reactant gases uniformly distributed over each cell to maximise
the power output.
Fuel cells generate a direct current (DC) supply of electricity, yet a majority of
consumer applications demand an alternating current (AC) supply. An Inverter is
required to convert the DC supply from the fuel cell into AC before it can be used. A
transformer is also required to increase the voltage from the fuel cell stack output to
240V which is the same supplied as the UK grid. The inclusion of these devices
increases the capital cost of the fuel cell, as well as resulting in a small hit to the
overall efficiency of around 2% to 6%. (UKHFCA, 2019)
There are six main classes of fuel cell:

1. Proton Exchange Membrane Fuel Cell (PEMFC)

2. Alkaline Fuel Cell (AFC)

3. Direct Methanol Fuel Cell (DMFC)

4. Phosphoric Acid Fuel Cell (PAFC)

5. Molten Carbonate Fuel Cell (MCFC)

6. Solid Oxide Fuel Cell (SOFC)

Proton Exchange Membrane fuel cells (PEMFCs) are the current focus of research for
fuel cell vehicle applications due to their short “start-up” time of around 1 second.
PEMFCs use a proton exchange polymer membrane such as Nafion 117 to separate
the two electrodes as well as a catalyst, Platinum. In contrast, Solid Oxide fuel cells
(SOFCs) use a solid oxide material such as doped zirconia or ceria as the electrolyte

material and have a start-up time of around 10 minutes. (Cooper & Brandon, 2017)

This report shall consider findings collected using a PEMFC, as their relatively low

operating temperatures, between 80-250°C make them easier to integrate with other
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mechanical components, and their quick start-up time and longer operational life make

them a more practical and cost-effective option.

2.4. Combined Heat & Power (CHP) Systems

Combined Heat and Power systems are extensions of conventional power generation
systems as they make use of the waste heat from the chemical reaction to supply heat
to nearby loads, thus increasing their practical efficiency to between 60-80%.
(USEPA, 2019) The conventional power generation unit, in this case the hydrogen
fuel cell, produces electricity in the usual manner. Waste heat from the fuel cell is
captured in a heat exchanger which transfers as much of the heat as possible to a hot
water storage system. This hot water is transferred to a nearby heating load, for
example, to contribute towards the heating of hot water, or for the space heating of a
building or district of houses. The cool water is recycled to the storage tank to be

reheated. A diagram of a basic CHP system can be seen in Figure 5.

HOW CHP WORKS

STEAM OR
HOT WATER COOLING /HEATING
HEAT RECOVERY
UNIT

HOT
EXHAUST GASES

NATURAL ELECTRIC

GAS GENERATOR
TURBINE

Figure 5 Main Components of a Combined Heat & Power system (PGW, 2019)
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Such technology is already commonly used in large buildings such as hospitals,
including an active system employed by the University of Strathclyde on John Street,
supplying hot water and heating to buildings on the John Anderson campus.
(strath.ac.uk, 2019). Other applications in the Netherlands feature district heating to
the surrounding neighbourhood of houses. In the Falklands, a CHP system is installed
at the Stanley power station which takes the waste heat from their bank of eight diesel

generators to heat the local community centre swimming pool & hospital.

3. Modelling

This section describes the process in which the modelling software and process was

decided.

3.1. Modelling Software

Appropriate modelling software was required to execute the aims and objectives of
this thesis. The primary software would be used to carry out the modelling and
analysis of the CHP systems. For this, EnergyPRO was selected; it specialises in
energy generation systems, specifically CHP systems, offering a wide selection of
energy sources and generation technologies and can provide detailed technical and
economic analysis of such systems.

The capacity of hydrogen fuel cell required must be able to service the peak electricity
demand from Stanley, which would be calculated by EnergyPRO according to the
appropriate demand profile. The demand profiles for both heating and electricity were
obtained from HOMERpro.

The climate database offered by EnergyPRO was used to provide the appropriate
weather data; air temperature and wind speed, to assist with the assessment of the
heating demand of Stanley and generation potential of the wind farm at Sand Bay.
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3.2. Climate Data

It was necessary to obtain climate data, primarily for the windfarm site to understand
the wind profile over a year, but also for the site of the CHP system, in order to
evaluate the heating demand against ambient temperatures. EnergyPRO features an
online database of global climate data to choose from. The dataset is from the Climate
Forecast System Reanalysis (CFSR) model, a third-generation reanalysis product, of
which there are two versions. CFSR provides data from 1979 to 2010 at an hourly
interval in a grid with a horizontal resolution of 0.5 degrees. CFSR2 is an extension of
CFSR data and as such is only available from 2010 to present. CFSR2 also operates
on a tighter horizontal resolution of 0.2 degrees. Both datasets provide the following
parameters:

e Air Temperature (°C)

e Solar Radiation (W/m?)

e Wind Speed (m/s): modelled at a height of 10m

e Precipitation (mm)

e Humidity (%)
All values are taken as the mean over the hour interval. For the purpose of this thesis,
only the Air Temperature and Wind Speed were required. (Use of solar radiation data
for future work with solar panels.)

A map of East Falklands featuring climate data points can be seen in Figure 6
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Figure 6 Map of Climate Datapoints in the East Falklands (EnergyPRO, 2019)

The capital, Stanley, and the location of Sand Bay wind farm (WF) are shown. The
two closest data points are also highlighted. Point A at Gypsy Cove is the nearest data
point to both Stanley and Sand Bay; around 3.5km North East of Stanley and 12.5km
North East of Sand Bay. However, this is a CFSR data point and as such only features
data up to 2010.

Point B is a station on the North side of Mount Beagle, 9km North of Stanley and
13.5km North East of Sand Bay. This is a CFSR2 data point, meaning that it provides
the most recent climate data from 2010 to 2019.

As generation data provided by Stanley Power Station and Sand Bay wind farm is
only available from the financial years 2012 to 2019, the use of climate data from the
same time period was required. Thus, for this thesis, climate data obtained from Point

B was considered.
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The distance between both data points and both Stanley and Sand Bay was assumed to

have a negligible impact on the results obtained.

3.3. System Configurations in EnergyPRO

EnergyPRO is a very visual software package and allows for model components to be
placed in the modelling window, and then linked to each other similar to a flowchart.
The main components required to produce a complete model in EnergyPRO are

described below.

3.3.1. Fuel Source

The two fuel supplies considered in this thesis were diesel and hydrogen; diesel for
System Config. 1 used by the Stanley power station, and hydrogen for System Config.
2 & 3 for the incorporation of the hydrogen fuel cell CHP systems.

Calorific Heating Values

EnergyPRO requires the calorific heating values for the fuel in use. Values for both
fuel sources can be seen in Table 1 below.

Calorific heating values are displayed in both MJ/kg & MJ/L.

Table 1 Calorific Heating Values for Fuel Sources

Fuel Calorific Heating Value
Diesel 45.6 - 42.6 MJ/kg 38.6 — 36 MJ/L
Hydrogen 141.7 — 120 MJ/kg -

The lower heating value was used in all calculations to form a conservative evaluation
of generation.

Emissions
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The primary emission from the combustion of diesel is carbon dioxide (CO>), as well
as nitrogen oxides (NOx), carbon monoxide (CO) and unburnt hydrocarbons from the
fuel itself, which vary in percentages depending on operating conditions within the
combustion engine. The CO2 emissions per kg of combusted fuel are given in Table 2
below. It was necessary to convert this value from kgem/Kgfuel t0 KQem/Ltuel for
modelling purposes. This was achieved by adjusting for the density of diesel fuel;

0.846kg/L.
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Figure 9 Efficiency of a Diesel Generator against Power Output (Adefarati et al,

2019)

NOx emissions vary greatly depending on the operating temperatures and air-fuel ratio

used. The nitrogen monoxide (N2O) emissions for diesel is listed in Table 2 below.

Table 2 Emissions for Diesel

Kgem/Lfuel Kgem/KQfuel
Carbon Dioxide (CO>) 2.66 3.15
Nitrous Oxide (NOx) 0.03717 0.04438
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Costs

The operational currency in EnergyPRO is Euros, therefore the conversion rate of 1
GBP equivalent to €1.094 present at the time of writing was applied. The diesel fuel is
supplied to the Falklands by Stanley Services Ltd at a price of 0.57FKP/L at the time
of writing. The conversion rate from FKP to GBP is 1:1.

For this thesis it is assumed that the price of hydrogen is comparable to that of diesel,

specifically the price per kWh.

3.3.2. Diesel Generators

The eight diesel generators in operation at the Stanley power station could have been
modelled as an electric generator. However, this would only provide analysis of the
electricity generation of the power plant. As the power station provides heating for the
community centre’ swimming pool, it was necessary to choose a generation model
which also provided a heating component for analysis. For this, a CHP component
was used. The size of the diesel generators at the current Stanley power station vary in
capacity from 320kW to 1500kW, giving a total capacity of 6.6MW. These generator
models offer differing electrical efficiencies; from 35% for the lower rated models up
to 55% for the higher capacity models. The energy yield of the diesel generators was
provided by Stanley power station (Appendix 1) and was calculated by taking
electricity generated minus the station consumption, divided by the fuel consumption.
Over the period investigated in 2018-2019, the power station produced 3.81kWh of
electricity per litre of diesel. The electrical efficiency was calculated as the ratio of the
power station’s specific electrical generation versus the calorific heating value of
diesel fuel; 36MJ/L or 10kWh/L. (3.81kWh/L 10kWh/L x 100 = 38.1%) This
electrical efficiency was applied to the diesel CHP element of the EnergyPRO model.

As described in Section 2.1.2, there is limited information available on the waste heat
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system in place. The efficiency of the heat recovery system was set at 50%, giving a

total system efficiency of 95%.

3.3.3. Fuel Cell CHP

For the hydrogen fuel cell CHP system incorporated in System Config. 2 & 3, a basic
CHP component was used. The fuel cell was to be sized to meet the peak electrical
demand of Stanley. The electrical efficiency was set to 40% and the heating efficiency

was set to 55%. This resulted in a combined efficiency of 95% for the system.

3.3.4. Wind Farm

All system configurations will include the generation capacity of the six Enercon E33
wind turbines described in Section 2.1.4 The windspeed-power curve for the Enercon
E33 turbine was entered into the Wind Farm element of the EnergyPRO model, with
the power output multiplied by a factor of 6 at each increment of wind speed to
account for the total number of turbines in the wind farm. This describes the power
output of the wind turbine relative to the prevailing wind speed at the turbine’s hub
height. The wind data provides data at a measurement height of 10m and the hub
height of the Enercon E33 turbine is 49m. A Hellmann exponent of 0.16 was chosen
as it most closely describes the state of the wind in the environment surrounding the
wind farm; “neutral air above flat open coast”. A view of the wind farm site can be

seen in Figure 10.
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Figure 10 View of surrounding environment of Sand Bay Wind Farm (Falklands

Govt, 2017)

The annual production of the wind farm was calculated by EnergyPRO according to

the wind profile recorded at the site described in Section 3.2.

3.3.5. Thermal Store

A thermal store was required to provide a link between the waste heat from the CHP
systems and the heating load. The pre-sets provided by EnergyPRO for tank
temperature thresholds were used; 50°C for the bottom of the tank and 90°C for the
top. The tank size chosen did not require an exact sizing, as there was no specific
heating demand to be met. Nevertheless, a tank volume of 1000m® was selected,
which would provide a heating capacity of 41.2MWh. This is open to change
following planned research in the future to achieve a more detailed understanding of

the exact heating load of all of Stanley.
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3.3.6. Electricity Demand

As there is no power exported from Stanley to other parts of the island, it can be
assumed that all energy generated by the power station was demanded by the town.
This total annual load, as well as weekly and weighted monthly loads can be seen in

Appendix 1.

The HOMERpro software package offers profiles for ‘residential’, ‘community’,
‘industrial’ and ‘commercial’ loads available in the Load Creator feature. For the
purposes of this thesis, the electrical demand profile of Stanley was categorised as a
‘community”’ load, the profile of which can be seen in Figure 11 below.

Daily Profile
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Figure 11 Estimated Electrical Demand Profile for Stanley (HOMERpro, 2019)

The seasonal variation in the electrical demand can be seen in Figure 12 below.
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Figure 12 Seasonal Variation in Electrical Demand (HOMERpro, 2019)

3.3.7. Heating Demand

A generic heating demand profile was created on HOMERpro for Stanley. Similarly
to the electricity demand, HOMERpro offers profiles for both ‘residential’ and
‘community’ loads. The ‘community’ profile was chosen for this thesis and can be
seen in Figure 13 below.
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Figure 13 Estimated Heating Demand Profile for Stanley (HOMERpro, 2019)
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This shows a similar peak heating demand to that of the electricity demand, with a
peak load between 19:00 — 21:00hr. The ratios of heating load were entered into the
heating demand field of the EnergyPRO model for each system configuration. As the
electricity demand was the primary demand on the model, the heating demand profile
was only necessary to evaluate the heating potential of the system, and therefore is not
required to be met. A total annual heating demand of 12,000MWh was selected to
give a reasonable benchmark for the heating load of Stanley. The monthly variation of

this load can be seen in Figure 14 below.

Seasonal Profile
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Figure 14 Seasonal Variation in Heating Demand (HOMERpro, 2019)

4. Results

This section details the results obtained for the three systems configurations described

in the method.

4.1. System Configuration 1 — Current Diesel & Wind CHP System

This system configuration is an approximation of the currently active power
generation system in Stanley. The main components of the system can be seen in

figure 15 below.
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Figure 15 Diagram of System Configuration 1

In this configuration, the electrical demand is met by the diesel generators at the
Stanley power station and supplemented by the Sand Bay wind farm. The model is
arranged so that the wind farm runs at its peak operating capacity relative to the

climate data. The diesel generators also service the heating load via a crude CHP

system described in Section 2.4.

The energy conversion results for both electricity and heating can be seen in Table 3

and Table 4 below. Table 3 also features the breakdown in contributions from the

wind farm and the CHP system towards the electricity demand.

Table 3 Electrical Match for Configuration 1

Total Annual Electricity Demand 15,125.1MWh

Diesel CHP Contribution 6,436.3MWh 42.6%
Wind Farm Contribution 8,553.4MWh 56.5%
Total Annual Electricity Produced 14,989.6MWh 99.1%
Peak Electricity Demand 3.3MW
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The peak electrical demand was 3.3MW. This would provide the target peak load to
be achieved by the proposed hydrogen fuel cell system, and therefore assist in sizing

the hydrogen CHP unit.

Table 4 Heating Match for Configuration 1

Total Annual Heating Demand 12,000MWh
Total Annual Heat Produced 8,495.9MWh
Annual Percentage Match 70.8%
Peak Heating Demand 2.2MW

As stated previously, the heating match was not critical. However, the peak heating
demand of 2.2MW and the total annual heat production of 8459.9MWh gives an
appreciation of the heating potential of this system and provides a reference point for
comparison against the hydrogen fuel cell CHP system.

The annual energy match can be seen in Figure 16.

Eloctncty 1)

0 Windturbine [l Diesel CHP — Electricity consumpton

Figure 16 Annual Electrical Supply and Demand Match for Configuration 1
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Seasonal variation in electrical and heating demand and production can be seen in

Figures 17 and 18 below, which show the demand match for the month of July 2018.

-4 aREn
08 | | 1 1
Figure 17 Month Electrical Contribution Match

| t ]
A more detailed look at the electrical and heating demand can be seen in Figures 19

Figure 18 Month Heating Contribution Match

and 20 which show demand for the week commencing 1% July 2018.
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Figure 20 Week Heating Contribution Match

EnergyPRO calculated the annual fuel consumption to be 1,699,175.7L of diesel,

annual variation of which can be seen in Figure 21 below.
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Figure 21 Annual Fuel Consumption Profile
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Figure 22 Monthly Fuel Consumption Profile
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Figure 23 Weekly Fuel Consumption Profile
The associated running costs and emissions can be seen in Table 6 and Table 7 below.

Table 5 Annual Fuel Consumption

Annual Fuel Consumption 1,699,175.7L

Annual Fuel Costs £951,430.15

Table 6 Emissions for Configuration 1

Emissions

2018-2019

co2 [tonne]
Emission 4,520
CO2 Total 4520
NOx [kg]
Emission 63,209
NOx Total 63,209

Table 7 below.
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The operational up-time of both the wind farm and the CHP system is detailed in



Table 7 Operational Up-Time

Hours of operation:
Total Ofannual
[h/Year] hours
Windturbine 86240 98.4%
Diesel CHP 6.311.0 72.0%
Out oftotal in pericd 8.760.0
Turn ons:
Windturbine 50
Diesel CHP 370

4.2. System Configuration 2 — Hydrogen Fuel Cell CHP System

This system configuration represents the basic hydrogen fuel cell CHP system to be
used in place of the diesel-fuelled power station system, complemented by the
electricity generation capacity of the Sand Bay wind farm. The main components of

the system can be seen in Figure 24 below.
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Figure 24 Diagram of System Configuration 2

In order to meet the peak demand of 3.3MW, the fuel cell was sized to produce an
electrical capacity of 3.4MW. Taking into consideration operational efficiencies, a
fuel cell with a nameplate capacity of 8.5MW was required.

The energy conversion results for the hydrogen fuel cell system can be seen in Tables

8 and 9 below.
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Table 8 Annual Electrical Demand Supply Match

Total Annual Electricity Demand 15,125.1MWh
Hydrogen CHP Contribution 6,451.6MWh 43%
Wind Farm Contribution 8,553.4MWh 56.2%
Total Annual Electricity Produced 15,004.9MWh 99.2%
Peak Electricity Demand 3.3MW

Table 9 Annual Heating Supply and Demand Match

Total Annual Heating Demand 12,000MWh
Total Annual Heat Produced 8,918.3MWh
Annual Percentage Match 74.3%
Peak Heating Demand 2.2MW

The annual energy match can be seen in Figure ?.
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Figure 25 Annual Electrical Match for Configuration 2
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A detailed look at the weekly energy match can be seen in Figures 26 and 27 below.

These show the seasonal variation in the energy match for a week in July which

i

EnergyPRO calculated the fuel consumption of the hydrogen fuel cell CHP system to

shows the peak electrical and heating loads in the year.
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Figure 26 Monthly Electrical Match
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Figure 27 Monthly Heating Match

be 483,867.2L, annual variation of which can be seen in Figure ? below.
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Figure 29 Monthly Hydrogen Consumption Profile
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Figure 30 Weekly Hydrogen Consumption Profile

As it is assumed that purified hydrogen fuel is used, there are no associated emissions

from the hydrogen fuel cell system.

Table 10 Annual Hydrogen Consumption

Annual Fuel Consumption 483,867.2kg

The operational up-time of both the wind farm and CHP system is detailed in Table

11 below.

Table 11 Operational Up-Time

Hours of operation:
Total Cfannual
[h/Year] hours
Windturbine 86240 98.4%
Hydrogen CHP 6,309.0 72.0%
Out oftotal in pericd 8,760.0
Turn ons:
Windturbine 50
Hydroegen CHP 370
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4.3. System Configuration 3 — Hydrogen Fuel Cell CHP System w/

RES Integration

This configuration is an iteration of System Configuration 2 and represents the
proposed system which would allow the Falkland Islands to become self-sustainable.
In this configuration, the electrical generation capacity of the Sand Bay wind farm is
used to generate a supply of hydrogen fuel through the electrolysis of water. The main

components of the system can be seen in Figure ? below.
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Figure 31 Diagram of System Configuration 3

Results obtained for the annual heating and electrical match of the hydrogen fuel cell
CHP system(Table ? and ?) showed that the 8.5MW capacity system was able to meet
the peak electrical demand of 3.3MW but was unable to meet the total annual
electricity demand.

A number of hydrogen fuel cell capacities were trialled in order to discern the size of
fuel cell CHP system required to make a sufficient contribution to the electrical
demand. These fuel cells feature the same electrical and heating efficiencies as

described in Section ? The results of these trials are shown in Table ? below.

46



Table 12 Hydrogen FC Sizing Trials Electrical Match

Nameplate Electrical Annual Electrical | Annual Electrical | Percentage
Capacity Capacity Supply Demand Match
(MW) (MW) (MWh) (MWh) (%)

8.5 3.4 8,680.9 15,125.1 57.4

12 4.8 8,727.3 15,125.1 S57.7

16 6.4 8,727.3 15,125.1 S7.7

From this point forward, only contributions from the 8.5MW fuel cell will be

discussed. Seasonal electricity match of the system can be seen in Figure 32, which

show results for the month of July 2018. Figure 33 shows the electricity demand

match over the course of a year.

Figure 32 Monthly Electrical Match
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Figure 33 Annual Electrical Supply & Demand Match

The hydrogen fuel consumption profile over the course of the the month of July for

configuration 3 can be seen in Figure 34 below.
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Figure 34 Monthly Hydrogen Consumption Profile
Table ? describes the fuel total annual hydrogen fuel consumption.

Table 13 Annual Hydrogen Consumption for Configuration 3

Annual Fuel Consumption 654,545.4kg
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Hydrogen production from the electrolyser was calculated using the same total annual
electricity supply from the Sand Bay wind farm as detailed in the results for System
Configurations 1 & 2. Using a generic industrial-scale PEM electrolyser with a
conversion efficiency of 80%, the total annual mass of hydrogen produced is shown in

Table 14 below. The conversion calculations can be found in Appendix 2

Table 14 Estimated Hydrogen Production Yield from Sand Bay Wind Farm

Annual Electricity Production Annual Mass of Hydrogen
from Sand Bay wind farm produced
(MWh) (kg)
8,553.4 205,281.6
5. Discussion

This section shall discuss the results obtained and explore potential areas for future

work which would supplement the research conducted in this thesis.

5.1. System Configuration 1

As mentioned previously, system configuration 1 was designed to simulate the
existing power generation system in Stanley. The model was built using power
generation and fuel consumption data recorded by the Stanley power station. Overall,
the system was able to supply 99.1% of the electrical demand for Stanley, with a total
annual production of 14,989.6MWh. The deficit from the total annual demand can be
attributed to the subtraction of the power station electricity consumption and

transmission losses approximated by the power station operators. This match,
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accounting for margin of error, confirmed that the model and its associated data was
correct and operating as expected.

The breakdown of annual electrical contribution shown in Table 4 showed that the
wind farm at Sand Bay was able to supply an impressive 8553.4MWh of electricity,
57% of the total production. This was made possible by the substantial wind profile of
the Falkland Islands over the year (Figure 7) which meant that the Sand Bay wind
farm was operational for 98% of the year. However, when compared to the recorded
power generation data of the wind farm (Appendix 1) of 30.4% for the period 2018-
2019, the model contribution is almost double. This is due to the difference in
operational strategy employed by Stanley power station, which currently employs the
power station capacity to meet the primary load, with the wind farm used to
supplement the load where possible and reduce the fuel consumption of the power
plant. In contrast, the operational strategy implemented for the EnergyPRO model
uses the wind farm to meet the primary load, with the power station used to cover any
disparities in the supply and demand. This is the operational strategy which Stanley
power station aims to convert to once construction has been completed on the new
power station in Stanley, and would reduce the need for expensive, large-scale
electrical storage systems on the island. Furthermore, the EnergyPRO model does not
take into consideration transmission losses or any downtime in turbine operation due
to mechanical failure or routine maintenance, which may account for a reduction in
total power output over the course of a year. This model shows the maximum
operational output of the wind farm that may be realised by remedying the issues
described above. This is a promising result for the Falklands, as the remoteness of the
Islands meant that the Sand Bay wind farm is one of the most expensive wind farms

ever installed, with a cost of £2.15m per installed MW. Getting the maximum
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performance from the currently installed capacity will not only provide energy
savings, but also remove the need to install more wind turbines (at great expense) in
order to meet increasing electricity demand with clean energy sources.

Total annual fuel consumption of the system was calculated as 1.7m L of diesel. This
was significantly lower than the recorded consumption of 3.26m L due to the lower

contribution of renewables which demanded higher usage from the diesel generators.

5.2. System Configuration 2

The model for this configuration is mostly similar to that of configuration 1, with the
diesel CHP system replaced by that of a hydrogen fuel cell CHP system. Thus the
heating and electrical demand and the contribution from the wind farm remain the
same. The hydrogen fuel cell was to be sized in order to service the peak electrical
demand of 3.3MW. With operational efficiencies of such fuel cells, the nameplate
capacity was to be 8.5MW. This system was able to provide a 99.2% match to
electrical demand, with the hydrogen fuel cell delivering marginally more electricity
than the modelled diesel at 15,004.9MWh.

The renewable energy contribution from the wind farm at Sand Bay is the same as
described above and is subject to the same limitations and assumptions.

The hydrogen fuel consumption for the year was calculated as 484T, which would
produce net zero emissions from the assumption that only purified hydrogen fuel is
used in the system.

The hydrogen fuel cell CHP system produces slightly more heat at 8,918.3MWh, and
thus offers more headroom for district heating than the existing fossil-fuel based

system.

51



5.3. System Configuration 3

The model for this system is similar to that of configuration 2, except that all
electricity generated by the Sand Bay wind farm was used to produce hydrogen
through the use of a PEM electrolyser. Due to limitations in the EnergyPRO software,
it was not possible to simulate this hydrogen production system. Therefore total
annual electrical supply results were used. The electrical supply from the wind farm
was the same value obtained during the simulations of configurations 1 & 2,
8,553.4MWh, as the capacity of the wind farm and the annual wind profile were the
same for each configuration. In order to make up for the loss in direct contribution to
the electricity demand of Stanley, the hydrogen fuel cell CHP was scaled up. A
number of trials were conducted to find the required fuel cell capacity. However, the
result of these trials showed a plateau in the annual electrical supply from the fuel
cells. This was confirmed by the graphs showing the electricity match over the month
of July 2018 (Figure 32) There was no discernible reason for this, and as such these
results are assumed to be due to an error in the software, however this is an area for
investigation during future work. Nevertheless, from the results obtained for the
8.5MW CHP system, the annual fuel consumption was calculated as 655Tonnes of
hydrogen. The annual hydrogen production of the Sand Bay wind farm, coupled with
a PEM electrolyser operating at a conversion efficiency of 80%, was calculated as
205Tonnes of hydrogen per year. From the results obtained, and taking into
consideration the software errors, it cannot be confidently concluded that the system
described in configuration 3 is neither able nor unable to meet the electrical demand
of Stanley at present. However, from the results obtained, Sand Bay wind farm and

the proposed hydrogen fuel cell CHP system will require significant upgrades to their
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capacity if they are to meet the electrical demand of Stanley with no support from

additional energy generation sources.

5.4. Future Work

There are a number of areas for future research which would supplement the research
carried out in this thesis, both for the Falklands and the wider global audience.
However, this section shall describe a select few of these potential research paths
which would help to fully establish a hydrogen economy on the Falkland Islands and
minimise their dependency on fossil fuels.

Firstly, and in direct support of the work carried out during this thesis, research is
required into the appropriate technologies and logistics of converting the wider
population of the Falkland Islands to use hydrogen as their singular source of
electricity, heating and cooling. Around 85% of the wider community spread across
the islands are isolated from any sort of grid connect and so currently rely on small-
scale wind energy systems, supplied by the FIDC as part of their Rural Development
Grant Scheme, which feature a turbine and electrical storage. However, all still rely
on a supply of kerosene to supply their heating. Following the successful deployment
of a hydrogen fuel cell CHP system in Stanley, an investigation into the use of micro-
fuel cell CHP in these outlying settlements is the final step in establishing the viability
of a fully-hydrogen economy for domestic energy supply.

Following this, the next step would be to establish a road and marine transport
network to transport hydrogen to the outlying villages/settlements/homesteads for the
production of renewable electricity.

The basis of this work would be to ascertain which would be the most economical
solution:

e transporting hydrogen produced at a central location
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e hydrogen production at key locations around the island

Ongoing Projects in the Scottish Islands which are exploring the potential role of
hydrogen in Scotland’s future energy systems would provide a sound foundation for
this work towards achieving a 100% self-sustaining hydrogen economy for the
Falkland Islands. This could in time provide not only power and heating but be
integrated into their road and marine transport infrastructure generating either a direct
clean fuel source for hydrogen powered vehicles or indirectly for EVs. Other
countries are already investing in a hydrogen economy infrastructure (REFs) to
supplement their renewable energy generation, reducing their fossil fuel dependency
and responding to global drive to lower emissions (REFS).

The Scottish Executive (SE) were part of a consortium to commission the UK
Hydrogen and Fuel Cell Roadmap (UKHFCA 2016). This independent Report
provided a vision and strategy for how hydrogen and fuel cells could play a greater
role in the UK’s future energy mix.

Further to this Report, the SE have supported a number of world leading hydrogen
demonstration Projects. These include the “Surf n Turf” Project in Orkney, an
archipelago of some 70 islands some 10 miles north of the coast of Caithness,
Scotland. The Surf n Turf Project (Surfnturf.org.uk, 2019) aims to expand the use of
hydrogen as a clean fuel for use in road and sea transport as well as for power and
heating. Most of the equipment utilised is based on established technology but with
innovative integration laying the foundations of a hydrogen network, within the
context of a remote Island community setting and associated infrastructure. Hydrogen
produced on the Island of Eday is shipped in purpose-built trailers via the Island’s

roads and inter-island ferry network to Kirkwall where three 25kW fuel cells convert
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the hydrogen into electricity for use in harbour builds and to provide auxiliary power
for ferries, berthed in Kirkwall harbour.

Mobile Storage & Transportation

A key component in expanding the use of hydrogen for the use in road and sea
transport has been the development of mobile storage units, capable of safely and
effectively transporting hydrogen gas on the island road infrastructure. With the
majority of the roads connecting the outlying communities on Orkney being “single
track” featuring weight restrictions and limited areas within which to turn articulated
lorries, a bespoke transport trailer solution was required.

Calvera, a specialist provider of transport solutions for a wide range of industrial
gases was engaged to design and build three specialist trailers sized to transport
hydrogen on the island’s roads and inter-island ferries. While conventional trailers are
fabricated from steel, to reduce weight these trailers are built of aluminium and
carbon fibre. (Calvera, 2019)

The similarity in road network limitations with Orkney offer the potential for these
specialist transport vehicles to be adopted by the Falkland Islands as part of their

strategy for the expansion of their own hydrogen economy.

Figure 35 Specialised Lightweight Trailer for Transportation of Hydrogen
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Finally, no economic analysis was conducted during this thesis. However, as the cost
of the technology and fuel supply is the limiting factor to the wide spread adoption of
a hydrogen economy, an investigation into capital costs and payback periods would
offer an insight into the timeframe before a hydrogen economy can be realised as the

future energy solution for the global community.

6. Conclusions

To conclude, through the analysis conducted in the process described by this thesis, a
Hydrogen fuel cell CHP system is able to provide a sufficient supply of electricity to
fully meet the demand of the city of Stanley in the Falkland Islands when
supplemented by the electrical generation capabilities of the Sand Bay wind farm.
Furthermore, it can be seen that significant heat can be provided by the system
through the incorporation of a heat recovery solution that can be used to increase the
district heating potential of the currently operational diesel-fuelled power generation
system. All this is achieved with approximately net zero production of CO2 and NOx
emissions; a significant reduction to the emissions produced by the current diesel
system. Following additional research with strategic planning for the integration of
hydrogen-fuelled micro-cogeneration systems would allow for the Falkland Islands to
fully realise the benefits of a Hydrogen economy, providing a clean and sustainable
energy future for themselves and demonstrating its viability to the rest of the world,

and particularly to other remote, isolated and under-resourced communities like itself.
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8. Appendices

Appendix 1 — Stanley Power Station Generation Data
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8.2. Appendix 2 — Calculation for PEM Electrolyser

Hydrogen

Production

Calorific Heating Value of Hydrogen = 120MJ/kg

Annual Electrical Production of the Wind Farm = 8553.4MWh
8553.4 x 3600 = 30792240 MJ

30792240 MJ x 80% = 24633792 MJ

24633792 MJ / 120MJ/kg = 205281.6 kg of Hydrogen
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