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Abstract

In recent years, energy is transmitted in the form of electricity in some parts of the world. Furthermore, all member
states of the European Union (EU) have a legal obligation to ensure that 20% of their community energy consumption
comes from renewable sources by 2020. Therefore, there is a great demand for electricity derived from renewable
sources while at the same time there are non-negligible risks in electricity transmission between nations. Addressing
these risks is thus of great importance. Under such circumstances, the national power company in Iceland is
investigating the possibility of installing a series of 800-1,200 MW high-voltage direct current (HVDC) submarine
power cables of over a span of 1,000 km in an effort to deliver more than 5 TWh of renewable electricity to the UK
each year. In order to accelerate this project, the company must employ measures of risk prevention and/or mitigation.
This study aims at revealing the potential risks of this project (called IceLink) using qualitative analysis. Thus far, there
seems to be very few similar studies concerning the project, yet the results are significant from the viewpoint of risk
management. Based on the results of interviews and a survey of the literature, we identify three major potential risks of
the project: regulatory risk, political risk, and financial risk. In this regard, we classify risk in the same manner as a
previous research. Subsequently, we suggest ways to manage these risks and as a result, we find that many of these
measures can be introduced even under the present circumstances.
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1. Introduction
1.1 Background

Coal, petroleum, and natural gas have been traded as energy sources between nations since ancient times. In recent
years, energy is transmitted in the form of electricity in some parts of the world. However, electricity transmission
between nations does not necessarily occur even if there is a match between supply and demand. The reason for this is
because of the risks inherent in electricity transmission projects, and these risks sometimes interrupt the projects.
Additionally, previous research, e.g. Schmidt (2014), suggests that there are non-negligible risks present with
low-carbon investments, and therefore reducing risk is of great importance.

According to Statistics Iceland (2015), Iceland is a country of 103,000 km? and a population of 329,100 as of January 1,
2015. The proportion of hydro energy to total generation of electricity is 71%, and that of geothermal energy is 29% as
of 2013. Thus, it can be said that almost all electricity in Iceland is derived from renewable sources. Moreover, the
existing capacity of hydro energy and geothermal energy is only 26% of the total potential power, while the capacity
still to be developed is an additional 20% (The IEA Geothermal Implementing Agreement, 2013).

At this moment, about 70% of electricity is consumed by aluminum smelters, the largest consumer in Iceland. However,
domestic electricity prices in Iceland remain very low while electricity prices in nearby European nations are very high.
More specifically, the average domestic wholesale electricity price in Iceland was just above 20 USD/MWh in 2014,
while the wholesale electricity price to the UK was 80-140 USD/MWh at the same time (Askja Energy, 2015). Within
this context, the plan to transmit electricity from Iceland to other European countries such as the UK at a higher price
has been investigated for some time (Hammons, Lee, Chew, & Chua, 1998). Furthermore, according to the European
Union [EU] (2009), all member states of the EU now have a legal obligation to ensure that 20% of their community
energy consumption comes from renewable sources by 2020. Thus, there is a great demand for electricity derived from
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renewable sources.

Under the circumstances, Landsvirkjun, the national power company in Iceland, is investigating the possibility of
installing 800-1,200 MW high-voltage direct current (HVDC) submarine cables of over 1,000 km that will deliver more
than 5 TWh of renewable electricity to the UK each year (Landsvirkjun, 2015a). The envisaged transmission route of
IceLink is shown in Figure 1 (Nakayama, Sasaki, & Ito, 2015).
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Figure 1. Planned trade of electricity from Iceland to UK in the IceLink project.
Source: Nakayama et al. (2015)
1.2 Previous Research

DESERTEC, the electricity transmission project between the Middle Eastern and North African (MENA) region and
Europe, has already been investigated in other research. The schematic map of DESERTEC is shown in Figure 2.
Incidentally, surplus desert power can supply 17% of the EU consumption (The DESERTEC Foundation, 2015).
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Figure 2. The schematic map of DESERTEC.
Source: The DESERTEC Foundation (2015)
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Backhaus, Gausling, and Hildebrand (2015) investigated the risks that stakeholders of DESERTEC are exposed to. As a
result, they have determined that previous studies did not account for uncertainty in a comprehensive fashion, and they
were likely to omit important risks. The real risks for this project are shown in Table 1.

Table 1. Risks reported for DESERTEC. Each number represents the occurrence of the risk in 222 online articles about
DESERTEC that were published between 2007 and 2013.

Organizational Interngt.lonal Coun't Y- Abandon Revenue Technical External
politics specific
143 67 35 24 16 11 9

Source: Backhaus et al. (2015)

Thereby, it can be said that organizational risks (47% of the total records) and risk due to international politics (22%)
are perceived to be more important than revenue risks (5%) and technical risks (4%). Backhaus et al. (2015) also
pointed out that a project can be feasible when using the proper amount of risk mitigation, and these researchers
introduced four possible courses of action (SERA) to deal with the risks of project: substitute risks by costs, eliminate
risks, redistribute risk, and abandon the project (or shrink the project’s size).

Komendantova, Patt, Barras, Battaglini (2012) examined risk as a barrier to investment in the case of concentrated solar
power in North Africa, and these researchers divided the risks into nine types: regulatory, political, revenue, technical,
force majeure, financial, construction, operating and environmental. Moreover, regulatory risks and political risks are
much more significant than other risks in the projects that were examined. Incidentally, in this classification, complexity,
and corruption of bureaucratic procedures as well as the instability of national regulations are included as a part of
regulatory risks. Similarly, a low level of political stability in a country and the lack of support from local governments
are included in political risks.

In addition, Khalfallah (2015) analyzed renewable energy trade via electricity corridors linking two regions of the
Mediterranean basin and suggested that project participants would face a price-differential risk and volume risk.
Therefore, a long-term contractual agreement could be the optimal framework for designing corridor projects that will
bilaterally coordinate the necessary investments.

Similarly, Francé, Quemada , and Gonzdez (2013) addressed the relationship between energy security/energy risk and
renewable energy sources, applying their results to the EU Mediterranean Solar Plan. These researchers advocated that
regulatory and institutional conditions must be on the same level in both the EU and North African countries in order to
promote investment in renewable energy sources.

Incidentally, Van de Graaf and Sovacool (2014) examined four energy megaprojects, including DESERTEC, and this
provides us with a good baseline reference. These researchers pointed out that all four projects suffered from a similar
set of problems: too many stakeholders and stakeholder fragmentation, cost overruns and the risk of accidents and
terrorist attacks, massive externalization of costs to third-party stakeholders, concentration of wealth and corruption,
and inflated expectations and biased projections.

1.3 Objectives and Research Questions

This study aims to reveal the potential risks of a possible electricity transmission project between Iceland and the UK
(i.e., IceLink) using a qualitative analysis. Thus far, there seems to be very few similar studies concerning this project,
and it will be useful to obtain knowledge from the viewpoint of risk management. Incidentally, our research questions
are as follows:

* What are the major potential risks of the electricity transmission project between Iceland and the UK that must be
considered from the viewpoint of risk management?

* How can we avoid or mitigate these risks in order to expedite the project?
2. Method

This study adopts a method of interviews with relevant experts as well as a literature survey. Specifically, we held
interviews in Reykjavik, Iceland from March 20-21, 2013, from March 12-14, 2014, and August 31, 2015 with the
understanding that the Chatham House Rule applied. The names of the informants remain confidential. Based on the
results of these interviews and the literature survey, we have identified several major potential risks to the project. In
this regard, we classify these risks in the same manner as Komendantova et al. (2012), by dividing the risks into nine
types: regulatory, political, revenue, technical, force majeure, financial, construction, operating and environmental.
Finally, we make a suggestion to address the identified risks.
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3. Results and Discussion
3.1 Identifying Major Potential Risks

Through interviews and literature surveys, we have identified three major potential risks of an electricity transmission
project between Iceland and the UK (i.e., IceLink) in the categories of regulatory risk, political risk, and financial risk.
The following will include a detailed examination of each of these three risks.

3.1.1 Regulatory risk. Regulatory risk is related to the renewable energy support system in the UK, namely feed-in
tariffs with contracts for differences (FiTs-CfDs), and we assume that these will be used in the project. The benefits of
this system are that a fixed revenue can be guaranteed, and thus the project can be freed from revenue risk. In regards to
this, Woodman and Mitchell (2011) also advocate that revenue risk such as volume risk or market risk can be removable
using a system of FiTs. Thus, it can be said that the cash inflow of the project heavily depends on the system operated in
the UK. At the present time there are some documents discussing the role of FiTs-CfDs in non-UK renewable electricity
projects, such as a document from the Department of Energy & Climate Change (2014). However, there are several
uncertainties regarding the regulatory framework, and in this regard we identify regulatory risk as a critical risk in the
project.

3.1.2 Political risk. Political risk means a risk of political intervention in Iceland, and there are two main contributors of
this. The first contributor is the anxiety of large power consumers (i.e., aluminum smelters) fearing that the domestic
wholesale power price in Iceland will rise in the future. According to Landsvirkjun (2015b), about 80% of electricity
sales by Landsvirkjun in 2014 were made on long-term contracts to power intensive customers, mainly the aluminum
smelters: Alcoa, Rio Tinto Alcan, Century Aluminum, Elkem, and Becromal, along with ferrosilicon plants and data
centers. The large power consumers in Iceland are therefore immune in the short-term to price changes due to increases
in wholesale electricity prices. However, it can be speculated that their long-term financial interests could lead to their
opposition to the project as it would represent added competition for energy and potentially higher prices although their
influence on the outcome is unknown. The other source of this risk is a sense of insecurity of Icelandic citizens, fearing
that the price of power will raise simultaneously with the launch of IceLink. In other words, Icelandic citizens seem to
be afraid that exporting electricity will result in soaring retail power prices as was the case in Sweden. In addition, many
citizens are suspicious of their government due to the recent economic disaster. For these reasons, the political risk in
Iceland is so important that particular caution will be required.

3.1.3 Financial risk. We can also identify the risk of a difficulty in raising sufficient funds. During the financial crisis of
2008, depositors of Landsbanki, one of the major Icelandic banks, at branches in the UK and the Netherlands lost access
to their deposits. This case was eventually brought to the EFTA court by the EFTA Surveillance Authority (ESA)
(Ministry for Foreign Affairs of Iceland, 2015). Therefore, the lingering impact of this incident, namely a certain credit
crunch, seems to be making it difficult to raise long-term and stable funds for this project from overseas financiers.
Meanwhile, there is a certain investment fund that has demonstrated its interest in the project (Atlantic Superconnection
Corporation, 2015), however it is still uncertain whether it can come to terms with the expected rate of return of the
project. Therefore, we conclude that financial risk is a real concern for the project.

3.2 Addressing the Identified Risks
Subsequent to identifying the risks inherent in this project, we suggest measures to address each of these risks.

3.2.1 Regulatory risk. According to Birer and Wistenhagen (2009), some investors are deeply skeptical about
government involvement in this project in any form. A solution to this situation is that policy makers should make
greater efforts to convince investors. Another view is that this project could be left to the markets. Apart from this,
Backhaus et al. (2015) indicates that insurances offered by Export Credit Agencies (ECAS) are available for certain
kinds of risks inherent in renewable energy projects. That is to say, it is the regulatory risk identified here can be
substituted by costs in the form of insurances. In addition, there are private insurance companies that underwrite a
certain degree of risk in Europe. Therefore, it is possible for these regulatory risks to be addressed to a certain extent
even under the present circumstances of the project.

3.2.2 Political risk. Above all, it is essential that Landsvirkjun and the Government of Iceland provide thorough
communication with the stakeholders. More specifically, they should convince large power consumers (i.e., aluminum
smelters) that the diversification of their marketing channels resulting from new electricity transmission to the UK does
not necessarily mean rise in the domestic wholesale price of power in the future. At the same time, both Landsvirkjun
and the Government of Iceland should put Icelandic citizens at ease by committing to maintain the current retail power
price. This is because they have broad discretion in the domestic power prices. Also, it may be effective to declare that
there will be a subsidy for households using electric heating. Furthermore, they can explain that profit from the
electricity transmission project will fund such a subsidy for domestic stakeholders. Moreover, secrecy about policies
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and effects on the public can possibly cause anxiety of citizens. Thus, project organizers should improve public
disclosure and achieve accountability for all stakeholders.

3.2.3 Financial risk. Needless to say, it is the best to raise funds from Icelandic institutional investors in order to address
the concerns of financial risk. In this regard, the Pension Fund for State Employees (LSR) is a good candidate, because
pension funds are able to be invested in relatively long-term investments. At the end of 2014, the total assets of the LSR
included about four billion USD at a rate of 130 Iceland Krona (ISK) per USD. Meanwhile, the amount of other
investments, consisting of private equity and real estate, were 0.2 billion USD at the same exchange rate, equivalent to
only about 5% of the total assets (LSR, 2014). Incidentally, the California Public Employees’ Retirement System
(CalPERS), one of the largest pension funds in the USA, allocated about 10% of their portfolio to private equity as of
June 30, 2014 (CalPERS, 2014). Thus, there seem to be some potential investors in Iceland who can raise funds for the
electricity transmission project that is now under consideration. Furthermore, new financing instruments are being
recently advocated, and one of them is hybrid bond presented by Lee and Zhong (2015), whose comprehensive
framework is shown in Figure 3.
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Figure 3. A comprehensive framework of the hybrid bond.
Source: Lee and Zhong (2015)
In addition, the hybrid bond is also effective for risk management, contributing to the optimization of risks.
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3.3 Summary

The summary of our discussions thus far is shown in Table 2.

Table 2. Summary of discussions

Significant Potential Risks

Features

Measures

Regulatory Risk

Political Risk

Financial Risk

There are several uncertainties
regarding the regulatory framework,
namely that the cash inflow of the
project heavily depends on the system
operated in the UK.

One of the two main factors is an
anxiety of large power consumers, i.e.
aluminium smelters; the other is a sense
of insecurity of Icelandic citizens.

With the after-effects of the 2008
financial crisis, it seems very difficult to
raise long-term and stable funds from
overseas financiers.

Using insurances, this regulatory risk
can be substituted for increased costs.
There are private insurance companies
that underwrite a certain degree of risk
in Europe.

It is essential that Landsvirkjun and the
Government of Iceland make thorough
explanation of the stakeholders. It is
also important to explain that profit
from this project will be passed on to
domestic stakeholders in the form of
subsidy.

There seems to be some potential
investors in Iceland, such as the
Pension Fund for State Employees
(LSR). Furthermore, new financing

instruments such as hybrid bonds are
worth considering.

4. Conclusions

This study has identified three major potential risks associated with the IceLink project: regulatory risk, political risk,
and financial risk. These results are similar to Komendantova et al. (2012) who advocate that regulatory risk and
political risk are much more important than other risks, although its analytical targets are concentrated solar power
projects in the North African region. Incidentally, it can be said that financial risk in Iceland is much more significant
due to the after-effects of the 2008 financial crisis. Next, we have provided suggestions that address each major
potential risk. Consequently, we find that many of the measures discussed above can be introduced even under the
present circumstances. In order to accelerate the project, it is desirable to employ these measures from the viewpoint of
risk management.

The future challenges of this study are two-fold: a) developing a new financial scheme based on the results of the risk
analysis; b) implementing quantitative analyses such as a calculation of financial data. In regards to the former, we
should keep in mind the basic principle of risk management—those who can control the risk most appropriately that
should take that risk. In other words, the risk associated with the best financial scheme becomes optimal in most cases.
Also, with respect to the latter, it is of great importance to consider future uncertainty from the viewpoint of risk
management, because the life of the project is too long to foresee what will occur throughout the entire period.
Specifically, some methods that deal with the uncertainty of the future may become applicable, including the real
options theory. In any case, the financial scheme and the results of quantitative analyses should be self-consistent.
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