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Onshore renewables development phased with growing
electricity demand
1.

EXECUTIVE SUMMARY

1.1.

Onshore renewable energy, in the form of wind and solar, are established
technologies ready for deployment on the Isle of Man. Onshore wind now produces
energy in the UK at a levelised cost of energy (LCOE) ~£45 per MWh, which is
competitive against the marginal cost of electricity-from-gas. The electrical grid in
the Isle of Man is capable of accommodating 20 MW capacity of onshore wind
developments without significant grid reinforcements, with several sites suitable from
a technical perspective previously identified by the Manx Utilities Authority (MUA)
and others. Beyond 20 MW, the grid will require significant infrastructure investments
as well as changes in operation modality to balance the intermittency with storage
and demand-side flexibility, e.g. from ‘SMART meters’ (see grid reinforcement work
package). Access roads to sites will likely require upgrades in order to allow
deployment of large, more efficient, turbines where beach landing is not possible.
The Isle of Man has the capacity to generate more energy from onshore wind than is
currently demanded.

1.2.

It is recommended that the Isle of Man clarifies the planning process for developers
so that a pathway to planning and consent can be more easily determined and
mapped. It is also recommended that a 20 MW development be announced through
an ‘expression of interest’ in the first instance. A commitment to undergo a technical
and economic evaluation of long-term grid reinforcement requirements is urgently
needed in order to facilitate and commit to a strategic investment plan to
accommodate more developments.

1.3.

It is important to consider the role of the MUA Pulrose Combined-cycle Gas Turbine
(CCGT) power plant with the phased introduction of renewable generation capacity.
The spinning reserve that the CCGT provides is capable of balancing the
intermittency of renewable generation. Alternative storage solutions exist for periods
when excess power is being generated. Battery technology is being adopted
throughout the world as well as the development of hydrogen technology as storage
solutions, though incorporating these technologies will incur additional costs. In
particular, coupling renewable energy with hydrogen production (electrolysis of
water) is worth considering as more technical and economic data becomes available.
Hydrogen fuel may be compatible with the CCGT plant in the future. For example, in
the Netherlands, Mitsubishi Hitachi aims to run a 400 MW CCGT on 100% hydrogen
by the mid-2020s. Hydrogen fuel could represent a natural transition opportunity for
existing MUA infrastructure (Pulrose CCGT) to zero-carbon generation whilst also
alleviating excess renewable generation.
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As a technology, olar Photovoltaic (PV) has become exponentially more economic
due to large-scale developments throughout the world. The levelised cost of energy
is competitive and the MUA offer attractive feed-in-tariff rates for domestic and
commercial installations, making it a viable opportunity for businesses and
households to adopt the technology. However, installations above 50 kW face
prohibitive ‘reserve-demand-charges’ that are currently a barrier to large businesses
with significant scope for installations on rooftops or marginal land (unsuitable for
other uses) to generate electricity. In terms of utility scale (MW) installations, the
scope for solar to generate significant amounts of energy during high demand
periods (winter evenings) is limited on the Isle of Man, even with storage. The
technology may nonetheless provide generation benefits if deployed in areas with a
low opportunity-cost (e.g. reservoirs, industrial and government rooftops, unused
airfield space), alleviating generation demand from other assets during day-light
hours in summer.

Renewable Energy: Onshore Wind
2.
OVERVIEW
2.1.

Europe has readily adopted wind energy in its power generation mix. At the end of
2018, Europe had a total installed capacity of 178.8 GW of wind, making it the
second largest form of power generation capacity in the EU-28 with the potential to
overtake natural gas for the most productive energy source in the EU (Wind Europe,
2019).

2.2.

Europe installed 11.7 GW (10.1 GW in the EU-28) of new wind in 2018, which was a
32% decrease from 2017 (Wind Europe, 2019). Whilst this slowdown in growth of
wind is significant, it is still among the fastest growing energy sources in the EU-28
(see figure 1). Renewable energy accounted for 95% of all new installations in the
EU-28 in 2018 (total = 20.7 GW).

Figure 1. Cumulative capacity of energy sources in the EU-28 (Wind Europe, 2019).
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2.3.

Financial investments in onshore wind in Europe hit a record of €16.4bn in 2018
(63% of all renewable investments), securing an additional 12.5 GW of onshore wind
capacity in the future.

2.4.

Germany remains Europe’s leader in wind energy, with 29% of all 2018 installations.
However, growth in wind energy in Germany is declining (down 49% from 2017) due
to a slow down and increase in complexity of permissions for new developments,
reflecting a potential saturation of public acceptance (Wind Europe, 2019). Denmark
is the EU country with the highest proportion of onshore wind energy in its domestic
mix (41%), whilst the UK registered the largest increase in wind energy in its
domestic demand in 2018 (13.5% to 18%), though this is still relatively low in
proportion compared to other European nations and mainly from offshore capacity.
The cause of this was principally as a consequence to the UK government removing
access to economic subsidisation (contracts for difference), with a further 794
projects totalling 12 TWh per year generative capacity awaiting consent in the UK.
Less than 10% of the UK annual electrical demand was from onshore wind in 2018.

2.5.

The capacity of individual wind turbines varies significantly between countries, with
Norway typically installing turbines with larger capacity (3.6 MW) and Greece
installing smaller turbines (2 MW). The average capacity of turbines installed across
EU-28 in 2018 was 2.7 MW. The average capacity of onshore wind turbines installed
in the UK in 2018 was 2.3 MW. Engineering developments have meant that projects
can be enabled by fewer, larger turbines with the same generative capacity.

2.6.

Comparing the development mechanisms, typically auctions for development,
between EU-28 countries is difficult given the variation in support mechanisms,
length of contracts, maturity of domestic and international electricity markets and the
cost of capital infrastructure in Europe. However, overall analysis of recent European
auctions shows that German and French onshore wind auctions were
undersubscribed, while auction prices in Poland, Denmark and Greece were
extremely low due to a healthy pipeline of permitted projects (Wind Europe, 2019).

2.7.

Table 1 shows a broad summary of the auction status in 2018 across several
European countries and the auction price per unit that was achieved. Several
different economic support mechanisms were adopted for onshore wind. Feed-inTariffs are a type of price-based policy instrument whereby eligible renewable energy
generators are paid a fixed price at a guaranteed level (irrespective of the wholesale
price) for the electricity produced and fed into the grid. Feed-in-premium (fixed) is a
type of price-based policy instrument whereby eligible renewable energy generators
are paid a premium price which is a payment (x€/MWh) in addition to the wholesale
price. Contrastingly, Feed-in-premium (floating) is a type of price-based policy
instrument whereby eligible renewable energy generators are paid a premium price
which is a payment in addition to the wholesale price. The floating premium would
be calculated as the difference between an average wholesale price and a previously
defined guaranteed price. Effectively it works as a floor price. Contracts for
3
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differences are similar to the floating premium. However, under contracts for
difference, if the wholesale price rises above the guaranteed price, generators are
required to pay back the difference between the guaranteed price and the wholesale
price. They are commonly used for offshore wind in the UK.
Table 1. Successful auctions and tenders for onshore wind in Europe in 2018 (Wind
Europe, 2019)
Country
Denmark
France
Germany

Greece
Netherlands
Poland

2.8.

MW
165
118
709
604
666
363
171
159
68
1000

Type of auction
Technology-neutral
Technology-specific
Technology-specific
Technology-specific
Technology-specific
Technology-specific
Technology-specific
Technology-specific
Technology-neutral
Technology-neutral

Support mechanism
Feed-in-premium (fixed)
Feed-in-premium (floating)
Feed-in-premium (floating)
Feed-in-premium (floating)
Feed-in-premium (floating)
Feed-in-premium (floating)
Feed-in-premium (floating)
Feed-in-premium (floating)
Feed-in-premium (floating)
Contract-for-difference

Price in €/MWh
2.5 - 3.4 1
NA
38.0 - 52.8
46.5 - 62.8
40.0 - 63.0
50.0 - 63.0
68.2 - 71.9
55.0 - 65.4
NA
36.4 - 50.1

Onshore wind installations in the UK equated to 598 MW in 2018, the lowest level
since 2011. This is a 78% decrease from 2017, in which a record 2,666 MW were
installed. This decline is despite an analysis by Baringa Partners (2017) that onshore
wind could be secured at a price of £46/MWh, compared to £92.50/MWh for new
nuclear and a levelised cost of £66-82/MWh for gas. The most recent BEIS Public
Attitudes Tracker in November 2019 found 78% public support for developing new
onshore wind, with just 5% opposed (BEIS, 2019). Onshore wind developments are
distributed throughout the UK, from Lands-End in Cornwall to Wick in Scotland,
shown in Figure 2.

1

The price reflects the premium on top of the wholesale electricity price in Denmark, while other
countries with a feed-in-premium (floating) already include wholesale electricity price.
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Figure 2. The distribution and size of onshore wind projects, currently in operation, in
the United Kingdom (2019). Data source: The Renewable Energy Planning Database
(DEPD), managed by UK Government department of Business, Energy & Industrial
Strategy (BEIS, 2019a).
3.

ONSHORE WIND IN ORKNEY

3.1.

Orkney began experimenting with onshore wind energy in the early 1980s. Today,
Orkney is home to the highest concentration of small and micro wind turbines in the
UK, as well as several larger community owned and commercial turbines, one locally
owned wind farm, and one commercial wind farm. Wind power is the main energy
source that allowed Orkney to become a net energy exporter (OREF, 2019).

3.2.

The Orkney Islands produce 120% of their electrical demand annually with
renewable sources, with 48MW of onshore wind producing 140GWh annually in 2014
(Aquaterra Ltd, 2015). Today, the Islanders face the critical question of what to do
with surplus energy; export via sub-sea cables, store using either battery technology
or converting to hydrogen, or use more within the island community.
Counterintuitively, the surplus renewable energy being generated in Orkney is
actually causing serious issues throughout the supply chain, from generation
curtailment to punitive charges being passed on to customers.
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Rather than being rewarded for generating surplus clean energy, the Orkney Islands
face severe punitive charges for exporting intermittent surplus power to the UK
mainland electricity grid. In her book Energy at the End of the World, Watts (2018)
says that the constantly shifting exchange-rate for energy prices is ‘inverted’,
meaning that wind energy exports in Orkney can be charged as much as £100 per
kWh if they export at short-notice to the UK, particularly if the UK grid isn’t
demanding additional capacity (i.e. peaking). As a consequence, community owned
wind turbines are regularly curtailed when the grid reaches capacity, depriving some
of the most isolated areas of the British Islands with transformative funds. This may
have parallels to the Isle of Man context which has an export capacity limited by the
existing AC interconnector (60 MW).

Figure 3. Wind turbines on the isle of Sanday. Photograph: Michael Roper/Alamy
Stock Photo
3.4.

Nonetheless, Orkney Islands Council (OIC) are currently in the planning phase of
developing additional onshore wind capacity at the 28MW site on the island of Hoy,
as well as preparing a public consultation on two additional windfarms; the 32MW
Faray wind farm in the North Isles and the 24MW Quanterness windfarm near
Kirkwall on the mainland. The justification for the continued expansion of renewables
in Orkney is to help establish the need for a larger interconnector the mainland,
OFGEM have proposed an additional 135MW is required to justify the investment in a
220MW cable. Orkney is seeking a larger interconnector to facilitate the continued
expansion of experimental renewables at the European Marine Energy Centre (EMEC)
at Heriot Watt University Stromness campus, where industry and academic
researchers work collaboratively to pioneer wave and tidal array technology. With the
6
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unique geographical position of the islands between the North Sea and the North
Atlantic, it is estimated the potential marine renewable energy capacity could amount
to several gigawatts.
3.5.

Orkney’s electricity export bottleneck is a by-product of a lack of long-term strategic
thinking on the part of regulators and policymakers at a national level. This is
exemplified by the perverse way the distribution and transmission network operators
are bound to work according to UK legislation, where they cannot anticipate demand
but have to demonstrate that it is there before they can invest. The lack of strategic
vision embedded in UK transmission policy required to fix Orkney’s energy
infrastructure is an issue of social justice too. Despite an abundance of energy
production and a willingness by the islanders to push innovation to its limits, the
islands have the highest fuel poverty rate in the UK due to issues such as poor
insulation in the housing stock and high prices of imported gas, which is still a main
source of heating.

3.6.

Neil Kermode (Managing Director, EMEC) has said that the lack of long-term strategy
has been a systematic failure in the UK in realising sustainable generation in remote
areas, “Frankly it’s a function of the privatised element of the process, which requires
[investors] to have a business case for doing things [for short-term returns], as
opposed to there being an element of vision” (Ecologist, 2019).

3.7.

In response, SMART grid interconnectivity projects in Orkney such as those being led
by Solo Energy are looking at decentralised battery storage (including domestic
electric vehicles as batteries) and grid balancing technology to alleviate situations
where extra generation capacity from onshore wind becomes an economic burden.
Others, such as the Orkney Housing Association and Heat Smart Orkney, are
developing ways to “instead of turning the turbine off, we want to divert that lost
power and use it locally”, particularly in the remote islands where the proportion of
residents in fuel-poverty and extreme-fuel-poverty are 66% and 22% respectively
due to the high costs of liquid fuels (Orkney Housing Association, 2019).

3.8.

In many ways, the Isle of Man and Orkney Islands are significantly different in terms
of economic structure, energy generation, power demand profile and governance
structure. However in terms of fundamental geography, dependence on links to the
UK and grid infrastructure investment issues, there are striking similarities. Orkney
provides a trial-and-error demonstration of onshore wind and renewable energy,
which provides the Isle of Man with ‘lessons-learnt’ and a pathway to decarbonised
energy infrastructure.

4.

ONSHORE WIND IN THE ISLE OF MAN

4.1.

Onshore wind is an established technology ready for development on the island
(AEA, 2010), yet there has been no commercial uptake in onshore wind
opportunities. This is surprising given the viability of the technology in 2010 and the
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fact that since the AEA (2010) report highlighted the development potential of the
technology within the Isle of Man context, the turbine and supporting infrastructure
capabilities have become increasingly sophisticated at maximising sustainable energy
output.
4.2.

AEA (2010) estimated the levelised cost of onshore wind to be approximately
8p/kWh for the most cost effective sites. Clearly, the capital and operating costs of
onshore wind have become increasingly efficient at generating revenue such that the
levelised cost of onshore wind power on the Isle of Man could be around parity-price
with electricity-from-gas.

4.3.

AEA (2010) showed that annual mean wind speeds (amws) (figure 4) are between
6m/s and 10m/s at 45m above ground level depending on location. Several
promising sites are excluded from potential development due to residential
settlement proximity, steep slopes and forestry plantations.

Figure 4. Wind map of the Isle of Man using Ronaldsway data.
4.4.

Nonetheless, several areas exist where significant electrical generation could occur,
particularly on the west coast. AEA (2010) provisionally modelled 8 sites with 12
Vestas 52-850 kW turbines. Vestas® now produce V162-5.6MW turbines, which are
6.5 more powerful. The 27.3 GWh per year that was estimated by AEA (2010) could
be significantly increased as a result of turbine technology developments and support
8
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a substantial proportion of the current 360 GWh per year electrical demand on the
island. A single V162-5.6MW™ turbine can generate 30 GWh of energy per year at a
10m/s wind speed (12% of total island demand, 2018).
4.5.

Eunomia Consulting Ltd have undertaken a desk-based revision of the AEA report
and have shown that a LCOE from onshore wind in the Isle of Man could be expected
to vary between 4.5p per kWh and 5.8p per kWh, with the 8 sites identified
generating 515 GWh per year (143% of Isle of Man demand, 2018). Capex
investment for all sites was modelled and is estimated to amount to £118.75 million,
with annual operating costs of £3.67 million. A summary of the analysis can be seen
in table 2.

Table 2. Eunomia Ltd remodelling of AEA onshore wind potential on the Isle
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Figure 5. The Vestas® V162-5.6MW™ wind turbine.
4.6.

There are technical and regulatory barriers to wide-scale adoption of onshore wind
on the Isle of Man, which need to be addressed to facilitate a move towards wind
being a significant generator in the Isle of Man electrical energy mix. Several private
companies have affirmed that there is ‘clearly a case for wind power on the Isle of
Man’.

5.

TIMELINE FOR GENERATION

5.1.

Following successful consent and a final investment decision (FID), construction of
an onshore wind farm, the size of which may be currently constrained by grid
infrastructure, could begin within five years.

5.2.

Pre-application work, including environmental impact assessment surveys, preapplication consultation, wind assessment, EIA and environmental statement (ES)
reporting would have to be concluded before submission of a preliminary application
package. Determining the outcome of the application may take up to two years,
based on the most recent experience of an energy infrastructure project (the energy
from waste plant operated by Suez). A final investment decision (FID) may take up
to one year after consent was permitted, subject to the development being able to
secure funds prior to consent. Construction would be expected to take just one year,
giving a total timeline of 5 – 6 years before electrical energy would reach the grid.

6.

ECONOMIC BENEFITS

6.1.

The cost of electricity from onshore wind is at price-parity or close to the levelised
cost of electricity from gas (~4.5p – 5.8p per kWh). Furthermore, onshore wind
contracts can now be successfully tendered without economic incentives like
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subsidisation and can contribute to the energy generation mix through simple Power
Purchase Agreements (PPAs). There is no significant direct economic opportunitycost to developing onshore wind on the Isle of Man.
6.2.

Communities have a unique and exciting opportunity to share in the benefits that
local wind energy resources can bring through effective partnerships with those
private companies developing wind energy projects (DECC, 2014). These benefits
can include:
•
•

•

•

•

Community benefit funds - Voluntary monetary payments from an onshore
wind developer to the community, usually provided by an annual cash sum.
Benefits in-kind - Other voluntary benefits which the developer provides to
the community, such as in-kind works, direct funding of projects, one-off
funding, local energy discount scheme or any other non-necessary sitespecific benefits.
Community investment (shared ownership) - Where a community has a
financial stake, or investment in a scheme. This can include co-operative
schemes and online investment platforms.
Socio-economic community benefits - Including job creation, skills training,
apprenticeships, opportunities for educational visits and raising awareness of
climate change.
Material benefits - Derived from actions taken directly related to the
development such as improved infrastructure.

6.3.

Although the provision of benefits is voluntary in the UK, community benefit schemes
have become well established and an integral characteristic of onshore wind
developments, particularly those over 5MW and also including ‘Nationally Significant
Infrastructure Projects’ over 50MW. There is no reason why these schemes cannot
be incorporated to onshore wind in the Isle of Man. The size and type of benefit
accruing to the local community will be development-specific and appropriate to the
size of the development.

7.

BARRIERS TO PROGRESSION (ONSHORE WIND)
Technical & Operating barriers
In 2009, Mott MacDonald produced a technical and economic appraisal for onshore
wind generation for the Manx Electrical Authority (MEA, now MUA). Whilst the
environmental impact was outside the scope of the report, it did summarise that an
onshore wind farm of up to 20MW would have been a ‘viable proposal’, producing up
to 12% of installed on-island renewable capacity, without major reinforcement or
upgrades to the existing 33kV electrical grid. This was despite the economic analysis
indicating the marginal price of onshore wind in 2008/2009 being 5.68p/kWh.

7.1.

7.2.

The maximum capacity for developing onshore renewables, which is stated as being
20MW by Mott MacDonald (2010) and using the electrical generation in the domestic
power-mix is restricted by several technical factors:
11
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Grid - the level of onshore wind (or any renewable source) generation could
not exceed 20MW without significant grid reinforcement requirements. The
system stability would be compromised if large developments were permitted
and the supporting grid infrastructure to absorb and distribute the
intermittent power supply locally or internationally was insufficient.
Intermittent supply - Harnessing wind energy is not completely predictable
making it risky to be a significant source of electrical generation in the
absence of storage ability of sufficient size to address intermittency issues. In
this way, wind is often considered non-dispatchable (incontrollable
generation). This is similar, to the point of view from the MUA, to demand
fluctuations or the inadvertent loss of conventional generation on the system.
This makes wind less attractive than electricity generation from the CCGT in
respect to the commitment of the MUA to ‘maintain a security of supply’;
particularly as the island electrical demand varies throughout a 24 hour
period and between seasons (Figure 6). However, the development of smart
metering and energy storage alongside the CCGT and interconnector, which
can all work to ensure intermittency issues are negated, does not present a
‘technical’ barrier to introducing wind power into the electrical generation mix.

Figure 6. The average (black) +/- standard deviation (red) and maximum (green)
daily electrical profile demand, by month, for 2018, where electrical demand =
generation + imports – exports (not taking into account an estimated 12% efficiency
loss during peak periods).
•

The UK-IOM interconnector spinning reserve must have sufficient capacity to
meet the loss of the wind farm whilst not exceeding its maximum continuous
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rating should the wind farm become disconnected. An approximation of the
maximum recommended wind farm capacity is that the combined wind farm
output plus the power import from the UK or minus the export to the UK
should not exceed an indicative 55MW threshold. A larger spinning reserve
solution will need to be implemented to enable larger development of
onshore renewables.
Island Mode - if the IOM-UK interconnector is out of the service, the MUA
dynamic response to the loss of the wind farm generator is cited as the
dominant constraint to the maximum windfarm output capacity. In this
situation, should the windfarm/solar farm go offline, there will be a significant
frequency deviation because the MUA electrical grid has a small inertia
compared to the UK. For an island load demand of 90MW, the maximum
power output from the wind farm should not exceed 18MW in order to
regulate the electricity supply to 49Hz, given the spinning reserve of other
generation assets on the island. Further stability regulating technologies, such
as Tesla Megapack batteries that inject and absorb reactive power to
maintain local voltage levels and maintain grid stability by rapidly changing
charge or discharge modes, may be required for large-scale adoption of
onshore renewables. Wind farm developments that are coupled with storage
that can modulate its output will also overcome this technical barrier to an
extent. Further modelling is required to investigate the risks and costs
associated to a transition to 100% renewable with wind farms and principal
generating assets.
Access - the size of turbines that will be suitable for deployment in the Isle of
Man is dependent upon the access roads to the sites. A 2 MW turbine has a
blade length of 40 m, whilst a 4.5 MW turbine has a blade length of 60 m.
The suitability of turbines to each site will be assessed by developers, but
have a small number of large (4.5+ MW turbines) may be constrained in
comparison to developments in the UK.

Legislative barriers
Whilst UK legislation and strategies set targets for the delivery of renewable energy
(including onshore wind projects), the IOM scenario is less well versed.
Electricity Act (1996): Until an amendment in 2010, Electricity Act did not include the
prescription of renewable energy, instead highlighting the role of the MUA (Authority)
was primarily:
(1)

It is the duty of the Authority to develop and maintain an efficient and
economical system of electricity supply for the Island.

(7) In exercising its functions the Authority shall have regard the need –

(a)
(b)

To maintain the security of supply
To preserve natural beauty and amenity
13

Work Package 30

IMPACT Report Appendix 14

Isle of Man Government, Electricity act 1996
The amendment included an addition to section 2, subsection 7, whereby:

(c)

To use, so far as practicable, renewable sources of energy

Electricity Act (Amendment) 2010
7.5.

7.6.

However, in terms of setting an ambitious and decisive impetus, guidance or
encouragement, the amendment fails to set specific objectives with regard to
renewable and zero-carbon sources of electrical energy generation.
Policy barriers
Energy Policy (2006), which is facilitated through the Council of Ministers
Environment and Infrastructure Committee (EIC), currently sets the broad policy
background and priorities for electrical generation. The three key aims are:

•
•
•

To maintain the security of energy supply
To secure the efficient use of affordable energy
To minimise the impact of energy use on the environment

7.7.

The Energy Policy does not set precedent to preferentially invest in and adopt
renewable energy over continuing to utilise other forms of generation, such as the
CCGT, unless the business case provides clear economic and power-stability benefits.
Moreover, the Energy Policy does not provide clear strategy for the MUA to invest in
grid upgrades and reinforcements to transition towards renewable energy in the
long-term.

7.8.

The MUA responds directly to the Energy Policy, which is decided by Tynwald.

7.9.

Agenda for Change (2013) states that, among six other Environmental &
Infrastructure priorities, the government will:

•

Identify sustainable ways to reduce the financial and environmental cost of energy in
the medium to long term
Address the issues proposed by the effects of climate change
Encourage sustainable economic activity in harmony with our natural resources

•
•

7.10. Again, the policy focus here is centred upon the financial business case. Although it
is framed within a medium-to-long-term scope, there are technical and economic
constraints on the business decisions that the MUA take. The MUA considers the cost
of acquiring units of electricity from whatever source (the marginal cost of
generation from the CCGT, diesel generators, importing from the United Kingdom or
development of new generation). The MUA are unlikely to continue operating the
CCGT where the operating costs exceed the price obtainable from another source.
7.11. MUA must operate an efficient and economical system of electricity supply for the
Isle of Man. Whilst pricing for some renewable and traditional generation is
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comparable to each other, the operation of these generation sources is significantly
different. An electrical system is required to be balanced, with supply and demand
being required to constantly match each other. As demand is driven by consumers,
MUA is required to manage supply in real time to ensure the system operates in a
stable and safe manner. Renewable generation itself is highly variable and cannot
be increased and decreased to match demand in the same manner as traditional
generation. Technical solutions such as battery storage and hydrogen production
may alleviate these issues at no additional cost to the consumer in the future.
Currently, renewable generation is not a direct substitute for traditional generation
and direct price comparisons do not take into account the predictability (or lack of
control) of the different sources. The current legislation (economical) is unlikely to
allow for higher operation cost renewables being selected ahead of fossil fuels. The
Isle of Man has therefore been slow to develop renewable generation capacity and
explore options to power the CCGT with alternative zero-carbon fuels (e.g.
hydrogen).
7.12. Environment & Infrastructure Policy (2013), the key objectives of which were agreed
by the Council of Ministers in May 2013, relates directly to climate change mitigation
and sustainable development whereby:
•
•
•

Government will adopt a greenhouse gas emissions target for the Isle of Man of 80%
reduction of 1990 levels by 2050.
Government will develop policies and strategies that will lead to reductions in
greenhouse gas emissions to meet that target.
Government will formulate a long term strategy for sustainable development which
meets the needs of the present generation without compromising the ability of future
generation to meet their needs.

7.13. The Environment & Infrastructure Policy (2013) led to the Council of Ministers
approving the Policy on Sustainable Development and Mitigating Climate Challenges
(2015), which included a policy where:
•

In order to deliver the agreed scale of emissions reduction, it will be necessary to
ensure that net emissions of greenhouse gases from electricity generated on Island
will be close to zero by 2050.

7.14. Again, the policy context on the Isle of Man fails to set a clear strategy or
requirement to adopt renewables and the supporting grid infrastructure in the
medium or long term. The supporting document to the policy states “for the
remaining design life of the Island’s power stations there is ample capacity to cope
with demand for electricity and no new generation capacity is required at present”,
which suggests that no large-scale generation from renewables will be considered
until 2035 at the earliest. This position will need to be reconsidered in the context of
Greenhouse Gas (GHG) emission reduction obligations.
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7.15. Planning Policy, or more specifically ‘The Island Development Plan; The Isle of Man
Strategic Plan 2016 – Towards a sustainable Island” (Statutory Document No.
2016/0060) (Cabinet Office, 2016), makes a clear statement on renewable energy in
the Planning Energy Policy (4):

“Development involving alternative sources of energy supply, including wind,
water and tide power, and the use of solar panels, will be judged against the
environmental objectives and policies set out in this Plan. Installations
involving wind, water and tide power will require the submission of an EIA.”
7.16. However, beyond this, there is no guidance on the type or extent of the EIA
required. Moreover, the current area plans, which must conform with the Strategic
Plan (2016), do not allocate any sites for renewable energy development.
7.17. Given that commercial-scale development of renewable energy development has not
previously been undertaken in the Isle of Man, there is no clear supporting policy or
consent pathway for potential developers. In lieu of a clearer planning policy context,
it is likely that a ‘Planning Policy Statement’ or ‘National Policy Directive’ will be
required to provide the framework for determining any future developments.
7.18. Given the disparity between IOM and UK planning application frameworks for
renewable energy developments, the Isle of Man appears to be a less attractive
proposition than the UK for developers, since they can navigate the planning
requirements in the UK with greater efficiency.
7.19. The planning action plan, which is currently proposed for 2020, sets out to review
the strategic plan (‘The Island Development Plan; The Isle of Man Strategic Plan
2016 – Towards a sustainable Island” (Statutory Document No. 2016/0060) and
associated planning policy statements. This presents an opportunity to clarify the
strategy with regard to renewables and also define a planning framework for
development applications.
Economic barriers
7.20. The Pulrose CCGT debt is a ‘sunk cost’ in financial terms when considering the MUA
business portfolio. Therefore, until the plant is decommissioned (expected 2035), the
marginal cost of electrical generation is economically more competitive at
approximately 3 – 4.5 p per kWh compared to new renewables. This fluctuates with
the price of gas on the commodity market, which is imported through the spur
pipeline on the west coast of the Isle of Man and delivered to Pulrose via
subterranean pipes (Figure 7).
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Figure 7. Gas pipe infrastructure in the Irish Sea and sub-terrain pipes on the Island.
7.21. It is therefore unlikely that the MUA would apply for financing from Treasury, using a
business case in agreement with the Electricity Act (1996) (see above), to install
and/or promote additional renewable generation until the marginal cost of electricityfrom-gas increases due to either:
•
•

The price of wholesale gas rising
A significant decrease in levelised cost of renewables.

Renewable Energy: Solar PV
8.
OVERVIEW
8.1.

In 2018, solar PV broke the record for the amount of generative capacity installed,
which amounted to 100 GW globally. Cumulative global capacity now stands at 500
GW (or 0.5 TW) (SolarPower Europe, 2019). This makes solar the energy source with
the largest capacity additions globally, more than any other technology (SolarPower
Europe, 2019). This reflects the continued decreased in the levelised cost of energy
from solar PV, which decreased on average 14% year-on-year from 2008 to 2018.
Areas of the Earth with high amounts of solar radiation can generate power at as
little as $0.02 per kWh (SolarPower Europe, 2019).

8.2.

Europe is a relatively new area of growth in the solar PV market, which is dominated
by China, driven by the EU’s binding national 2020 targets. In 2018, the EU-28 added
11.3 GW generation capacity, a 21% increase in the rate of adoption from the
previous year. SolarPower Europe (2018) anticipate that solar power will continue
growing in the medium-term, with demand surging by 80% in 2019 (20.4 GW
installed capacity) and 18% growth thereafter into 2020 (24.1 GW installed
capacity). These growth rates are impressive, though Australia increased its capacity
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by 300% in 2018 (5.3 GW). By 2022, it is likely that global solar generation will be
greater than 1 TW, equivalent to 4% of global electricity generation.

Figure 8. Longyangxia solar farm (China; 850 MW). Image: NASA Earth Observatory
(2017).
8.3.

Solar energy technology has seen an impressively steep cost reduction curve since
the early 21st century, from over $350 per MWh in 2009 to 2018 tenders and Powerpurchasing Agreements (PPAs) showing, in several instances, contracts for power
prices as low as $20 per MWh (SolarPower Europe, 2019), with the record low being
set in India at the equivalent of $18.6 per MWh.

8.4.

In 2018, the ground-mounted segment of solar PV installations had a 72% share of
newly installed capacity, as the major solar markets move away from roof-top
mountings and into utility scale solar farms (Figures 8 and 9). There is little doubt
that ground-mounted utility scale installations will remain the most promising and
dominant application for solar power in the future (SolarPower Europe, 2019),
though rooftop installations are an “easy-win” where there is capacity to integrate
generation close to the demand for power. Installing large quantities of utility-scale
solar is much easier than establishing mass uptake of a distributed PV rooftop
market, which requires more complex financing structures.
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SOLAR PV IN GERMANY

Figure 9. Neuhardenberg Solar Power Plant (Germany). Source: Power Technology
(online).
9.1.

With the rapid electrification of Europe’s energy system, network operators are facing
a challenge. The integration of more and varied electricity generation is putting a
strain on the growth of grids. There is a contrast between the struggles that
the Netherlands is experiencing compared with the smoother ride navigated
by Germany where in the 12 years to 2015 solar PV capacity rose around 100fold from 0.44 GW to 39.7 GW. In 2018, German installation increased 68% with an
additional 3GW. Greater investment, of course, played its role but Rakhou and Collins
(2019) argue that a combination of curtailing excess generation while reinforcing
networks as the system grew was Germany’s way of maintaining stability.

9.2.

The vast majority of solar PV generation in Germany is connected to the low-voltage
network, resulting in a challenge for network operators (and distribution system
operators; DSOs) with regard to grid-stability. Further, the German Renewable
Energies Act (Erneuerbare Energien Gesetz; EEG (Federal Ministry for Economic
Affairs and Energy, 2014)) and its revisions set the regulatory framework for solar
and specifically, section 8 contains an obligation for newly installed PV generation to
be connected to the network without any regional installation restrictions. Moreover,
PV generators (and other renewables) were given connection priority over
conventional sources of energy. This raised technical challenges for DSOs and their
networks: if PV generation were to exceed power demand in an area, which might be
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expected during peak hours (e.g. noon), the resulting voltage increase has the
potential to threaten the stability of the grid.
9.3.

In order to manage the threat of intermittency and over-capacity, DSOs had the right
to impose certain technical preconditions on connecting generators, which provided
some mitigation. For example, DSOs were authorised to curtail certain PV systems in
critical situations, to prevent their network from blackouts or to protect their
infrastructure from damage (section 14, EEG). However, DSOs also had the
obligation to reinforce their networks in order to minimise such curtailment (section
12, EEG).

9.4.

With these conditions in place, stability issues have proved to be rare and isolated. In
most cases, they were dealt with without any grid issues or negative impacts for
either the DSO or the PV generator (Rakhou & Collins, 2019). The technical
connection rules contributed to this successful outcome.

9.5.

Germany, compared to the Netherlands, has invested strategically and decisively in
rural DSO networks. As a result, the German network operators have been able to
accommodate this upturn in solar capacity through selective infrastructure
reinforcement, optimisation activities and, in some cases, the use of new grid
technologies such as controllable distribution transformers.

9.6.

Since the EEG, regulation in Germany around PV generation has continued to evolve
and capacity is expected to exceed 50GW by 2020. Since the 1st January 2019, a new
package of laws has changed the setting for PV again, with significant cuts to Feedin-Tariffs for rooftop systems between 40 and 750 kW.

9.7.

Network operators in Germany have undergone a significant and steep learning
curve regarding decentralised PV systems installations and are expected to be able to
manage the continued deployment of solar PV. The most effective measure for
maintaining network stability has been the agreement for curtailment of PV systems
through active network management, which is comparable to the existing situation in
Orkney with wind power.

9.8.

From a case-study context, important notes from the German experience for a
network considering significant uptake of solar PV would be:
• Introduce and establish a definitive connection requirement in order to have a
clear and standardised process of network connection as well as the technical
ability to stabilise the network.
• Have a clear methodology for defining the remaining available network
capacity on a regional basis to give DSOs planning certainty and to allocate
connection points in accordance with the available capacity to secure network
stability.
• Encourage and empower DSOs to undertake network reinforcements where
installation targets have been reached.
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Foster markets that encourage allocation of capacity among developers. Such
markets would also underpin the integration of PV systems with battery
solutions and vehicle-to-grid (V2G) solutions. Indeed, half of the new
installations in 2018 are now being combined with electricity storage systems
(Wettengel, 2019).

SOLAR PV ON THE ISLE OF MAN

10.1. Solar PV generates a proportionately small amount of electrical energy on the island.
The majority of the installed capacity is on a ‘domestic’ scale (under 12 kW capacity),
with some additional ‘commercial’ scale (< 50 kW) developments in operation and
being considered. There are no ‘industrial’ scale (> 50 kW) developments.
10.2. Solar PV installations, particularly domestic scale installations, are becoming
increasingly attractive to home-owners due to decreasing capital cost of solar PV
installations. In addition, the ‘Sustainable Generation Tariff’ available through the
Manx Utilities Authority (MUA) also currently acts as an incentive to domestic
generation, currently paying 9.1p per kWh unit of electricity exported to the grid.
This tariff is favourable to the UK market, where the feed-in-tariff has recently been
cut to between 0.15-3.79p per kWh (depending on rate) (OFGEM, 2019). Roofmounted solar PV installations are now a ‘permitted development’ within the Town
and Country Planning Order, meaning developments can now proceed much more
efficiently (provided they are outside conservation areas, which require permissions).
10.3. The largest solar PV installation on the Isle of Man is at the Mountain View
Innovation Centre (MVIC). The MVIC has an installed capacity of 64 kW on a 5°
pitch, south-facing roof (Figure 12). The system inverters that transform the
electrical power from DC to AC curtail the output of energy during the periods where
generation exceeds 50 kW to avoid becoming an ‘industrial’ scale generator and
facing the fixed charges (Figure 10), though this rarely happens as can be seen in
Figure 11. As a result of generating the majority of the estate’s electrical needs
during working hours and thereby transferring to a cheaper off-peak MUA tariff
(‘Economy 8 Commercial’, (applicable when >30% of electrical demand is between
2300 and 0700; 8.3p per KWh compared to standard tariff of 16.7p per kWh), the
payback period for this installation is less than 5 years. Only 15% of the electricity
generated is sold to the MUA on the sustainable generation tariff. With an initial
investment of £68,000, the payback period (taking into account cost savings) is 5
years.
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Figure 10. MUA Industrial Fixed Charges for Industrial Private Generators.

Figure 11. The average (black line) +/- standard deviation (red) and maximum
(green) daily electrical generation from the 64 kW solar PV installation at the
Mountain View Innovation Centre, by month.
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Figure 12. The Mountain View Innovation Centre solar PV installation, Ramsey, Isle
of Man
10.4. Eunomia consulting revisited the AEA (2010) report in a desk-based exercise and,
after taking into account cost decrease and the opportunity for small solar farms on
the Isle of Man, have estimated that the LCOE from solar PV is approximately 7p per
kWh, with the capacity to generate 3 GWh from three 3 MW solar farms (1% of IOM
electrical demand). Over a 12 month period from September 2018 – September
2019, the 50 kW installation at MVIC generated 46.875 MWh.
10.5. A small 3 MW solar farm (60 x the capacity of the roof-mounted array above in figure
12; requiring c.15 acres), could therefore be expected to generate ~ 2.8 GWh per
year (0.77 % IOM electrical demand).
10.6. A 50 MW solar array, which would require c.125 acres, could be expected to produce
c.60 GWh per year (20% of island electrical demand, 2018). The capex requirement
for a project of this size is c. £10 million and could be funded through private or
public investment.
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11.

BARRIERS TO PROGRESSION (SOLAR PV)
Technical and operating barriers:
11.1. For larger scale industrial installations, the technical and operating barriers are the
same as those outlined for wind power in the Mott MacDonald report (see above).
This limits the total generation capacity of renewables (solar and/or wind) with
current grid infrastructure and MUA operational practices to 20 MW.
Economic barriers:
11.2. At present, the Domestic Sustainable Generation (DSG) and Commercial Sustainable
Generation (CSG) tariff (9.1p per kWh payment) is providing a strong incentive for
adoption of solar PV in developments below 50 kW output on household and
business rooftops, which are a permitted development.
11.3. However, MUA customers on Maximum Demand tariffs with embedded generation
exceeding 50 kVA output face significant economic barriers from the MUA Industrial
Fixed Charges tariff (figure 10), whereby each unit of electrical energy produced
above 50 kVA incurs a ‘reserve demand charge’. This tariff structure was introduced
to recover the contribution to network and system reserve costs that the additional
generation would avoid by generating the customer’s own electricity. At the time of
implementation (over 10 years ago), the tariff was mainly directed at Combined Heat
& Power (CHP) plants installed by Manx Gas, which was estimated to have reduced
the MUA electricity demand by 8 GWh per year. Currently only one CHP plant on the
island faces this Reserve Demand Charge as the majority of other CHP plants have
closed.
11.4. The industrial fixed charges tariff act as a disincentive for large commercial
(‘industrial’) operations from adopting the technology on rooftops to a greater
capacity than 50 kVA, though legally they are permitted to do so under the Electricity
Act (1996) Section 12:
(1)
(2)

Subject to subsection (2), a person other than the Authority shall not supply
electricity.
Subsection (1) does not prevent any person from supplying electricity to any
other person where the business of the person supplying the electricity is
not primarily that of the supply of electricity to consumers.

11.5. Economically speaking, it is illogical for commercial customers to generate more than
50 kW, though by curtailing excess generation and/or embedding smaller generation
capacity, they benefit from avoiding the higher unit charge of 16.7p per kWh and
receive the CSG (see above), which offers more financial reward than the UK
equivalent FiT. This scenario is exemplified in the MVIC roof-mounted solar array,
which has a generation capacity of 64 kVA. During some days in May, June and July,
the inverters curtail the power generation to a limit of 50 kW (this can be seen in
figure 11). Although this happens infrequently and only during peak solar irradiation
(during summer months at midday), it is still a ‘wasted’ generation of electricity that
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is being expended through non-useful heating in order to avoid the Reserve Demand
Charges.
Knowledge barriers:
11.6. There is some suggestion from industry that on-island expertise in architectural
design and construction engineering would benefit from support and/or
encouragement to better consider solar PV installations within current practice. This
could be facilitated through continued professional development (CPD) and/or policy
to design new builds (commercial and private/public residential) to adopt, where
possible, designs that best accommodate roof-mounted solar PV installations.
12.

RECOMMENDATIONS

12.1. Review and amend legislation and policy to enable strategic investment in the
electricity grid in anticipation of onshore renewables.
12.2. Review and amend planning policy to provide a clear pathway for renewable energy
developers to gain consent.
12.3. An expression of interest to develop a 20 MW wind farm in a suitable area, in the
first instance, in line with current grid capacity to accommodate further generation.
12.4. Remove barriers for ‘industrial’ scale installations of solar PV on rooftops/marginal
land.
12.5. Develop a strategy for a transition to 100% renewable generation, taking into
account technical and economic barriers as well as options to avoid curtailment of
generation assets (battery storage, reactive and flexible demand-side solutions
(SMART technology) and potentially hydrogen production).
12.6. Review and update the Mott MacDonald technical and economic report and develop a
strategy to address technical and policy barriers constraining renewable development
over 20 MW capacity.
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