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e adirectorate;
e adepartment; and

e an authority.

Completing these discussions denotes the fourth milestone. The last stage and fifth milestone is
passing a law that establishes an ERC.

Figure 46. Road map for the creation of a regulatory authority within a Ministry

« Status of

Parliament

« Hierarchal
relationship

* Number of
regulators

« Passage of
required laws

Parliament

« Type of * Selection of between regulator --
regulators the Ministry Ministry and e (O
« Administrative regulator di !
irectorate or
department

duties

Source: Unicon

Process starts at Parliament, moves to the Ministry, returns to Parliament and circles back to the
Ministry. Parliament makes general decisions, and the selected Ministry makes detailed decisions.

The time line associated with this unconventional road map is indeterminate. The first set of
discussions within the Parliament will end quickly because they would not begin unless GoSL has
committed to establishing an ERC for the electric sector. The second set of discussion, however, will
not end quickly as Parliament makes its cases for the selection of a Ministry.

The first set of discussions at the Ministry will last a short period of time. Parliament has provided the
selected Ministry with benchmarks for determining the hierarchal relationship between it and an ERC
that it administers and oversees. However, the next set of discussions will take a longer time. These
discussions have a high probability of being contentious.

An agency tends to be more powerful and more independent than a commission, it usually has a larger
staff and is charged with more responsibilities than a commission. Both are independent to the extent
practicable. Meanwhile, a directorate is less independent with a smaller staff as compared to a
commission. A department has the least amount of independence and the smallest staff. And lastly,
the internal governance of an authority is the most fluid.

The passage of required laws will occur very quickly after the status of an ERC has been determined
by the selected Ministry. Staffing, training and building capacity within an ERC occurs subsequently.
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Recommending guidelines, defining quality-of-service targets, setting standards, issuing rules,
promulgating regulations, determining tariffs, approving codes, occur thereafter.

An optimistic time line for establishing an ERC within a Ministry is:

e less than one year for determining an ERC's type;

e one year for selecting the Ministry that will house, administer and oversee an ERC;

e |ess than a year to establish the hierarchal relationship between the Ministry and an ERC;
e up to two years to agree on the status of an ERC relative to the Ministry; and

e up to ayear to pass required laws.

Figure 47, below, is the outline of a road map for preparing to close institutional gaps in Somaliland.
This outline is examined in detail in the sub-sections that follow.

Figure 47. Communications road map for the establishment of a regulatory authority

Convene a Ad Hoc Committee to solve pressing electricity supply
problemss

Form a Council that is charged with recommending electricity policy
to the Parliament

Form an Association that takes on the responsibility of developing
suggested rules for the operation of the electricity sector

[Use self-regulation as the vehicle for enforcing the suggested rules

Source: Unicon

The first step is convening an ad hoc committee to recommend solutions to pressing electricity
infrastructure problems. The second step is forming a Council, which is responsible for recommending
policy and submitting it to Parliament for review and consideration. The third step is forming an
Association that will suggest rules benefitting the operation of the electric sector. It is suggested that
the Association uses Memorandums of Understanding (MOUs) for this purpose. The fourth step is to
use self-regulation as the vehicle for enforcing these rules. When completed these four steps create a
sustainable foundation to establish an ERC for Somaliland’s electric sector.

The time line for Figure 47 is not long. An ad hoc committee can be convened in a matter of days.
Recommendations for solving pressing electric problems are apt to be provided in up two months
after the first meeting of the committee. If recommendations bear fruit, then the Council and the
Association are likely to be formed one-to-three months later.
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Role of Government

GoSL does have a role to play even with the absence of laws and the lack of capability and
infrastructure to promulgate regulations. GoSL through a Ministry might initiate a collaborative
process that ends with a rule that has been adopted voluntarily.}® In Pakistan, as an example, the
MOWP, which is responsible for developing water and power resources, makes policy and resolves
certain types of issues that are related to the generation and transmission of electric power and the

distribution and pricing of electricity.

GoSL also might create a Board and appoint its Chairperson.® The Board could promote a course of
action that has been ordered by GoSL and supported by stakeholders. Typically, the course of action,
in this instance, would assist with the management of an electric programme.'®® An electric
programme, however, needs an electric policy, and an electric policy does not exist presently.
Therefore, creating a Board is not recommended.

Instead, GoSL and stakeholders might put together a Council that recommends policy that deals with
the industrial organisation of an electric sector. In Pakistan, the National Economic Council (NEC) is
responsible approving the National Energy Plan (NEP), approving the portions of the NEP related to
electric power and electricity and approving the policies that apply to the development of the electric-
power and electricity markets.'® Clearly, NEC has power beyond providing advice on the transition of
the electric sector. Perhaps, a better example for Somaliland is the Executive Committee of the
National Economic Council (ECNEC). It supervises the implementation of energy policy.

Council and Association

Advice and Guidance Council

Members of an advice and guidance council are appointees that represent the affected parties.
Membership is voluntary. Its responsibility is to make recommendations supported by research and
data collection.’® Committees might support the Council. A minimal staff is required to arrange
meetings, pay travel expenses and oversee data collection and research.

Association

100 GoSL can put the monitoring function within the domain of the Ministry or local government by passing an ordinance.

101 1t js important to note that MOWP — Pakistan does have any direct regulatory authority.

102 The membership of the Board will be filled from the ranks of the stakeholders with standing.

103 The GOP, for example, created the Alternate Energy Development Board (AEDB) and the Private Power and Infrastructure
Board (PPIB). The role of the AEDB is to promote the entry of IPPs into the renewable- energy market. The role of the PPIB is
to supply administrative management to Pakistan’s IPP Programme.

104 The National Economic Council (NEC) was created in 1962 pursuant to Article 145 of the Constitution of Pakistan.

105 The authority of such a Council does not extend to decision-making.
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An Association is a well-known vehicle for self-regulation. It is well placed for this task when its
members are professionals that provide services that directly affect the lives of others. An Association
sets ethical standards for the profession and a code of behaviour for the professionals. In principle,
membership in an Association is voluntary. However, in practice, membership is a necessity. After an
Association sets ethical standards for the entire profession, the reality is that non-members as well as
members are compelled to abide by them.

The same expectations would apply to any rules that might be issued by an Association. Thus, at the
inception of an Association, it might be best to deny it the power to issue rules to avoid conflict among
the members. As an alternative, it might be better to focus attention on improving the quality-of-life
of the members and serving the public interest. A prime activity in this regard may be to improve the
membership’s safety records.

What is needed then is an Association that supports the economic interests of its private members
and the public interest of its public members. Some of the first-tier responsibilities for such an
Association are arranging the research desired by the public or private members, assisting with the
allocation and distribution of funds, and scheduling the meeting for committees that have been
formed by the Association.

An Association also would have additional responsibilities. It would reject or accept recommendations
made its committees or an ad hoc committee. After a recommendation is accepted the members
would be responsible for working toward its implementation. Once a recommendation has been
vetted and adopted the Association’s members would be expected to voluntarily abide by it.

An Association’s staffing requirements while not substantial are nonetheless precise. Its staff would
not be members of the Association. Furthermore, its staff would not be responsible for approving data
collection and research efforts. The Association’s committees or the Ad Hoc Committee would have
this responsibility.1%

Funding an Association

An Association is self-funding in most instances. Its members pay fees and levies in return for the
services that are provided to them by the administrative and management staff of an Association.
Usually, fees and levies paid to an Association are not used to pay the members’ travel, meal and
lodging expenses. These costs are covered by the members themselves. However, covering these costs
will place a burden on many of the ESPs operating in Somaliland, and the cost burden may be so great
that many of them will not join the Association. As a result, other sources of funding will be needed
to finance it.

Standard practice is to use only verifiable and auditable sources of funding. In-kind contributions from
the members of an Association are at the top of the list. Membership fees and levies follow. Levies

106 An Association’s membership would staff the committees.
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and fees, however, may not be sustainable sources of funding. Free ridership is a real problem during
the time in which the value of an Association is being proven to the base of potential members.
Furthermore, it may the case that benefits provided by an Association are public goods that can be
accessed and used by non-members.

Other possible sources are loans from an international lender and grants from the donor community.
Some possibilities in this regard are WB and AfDB. Country-specific donors tend to be poor candidates
because of suspicions with respect to special interests. The International Monetary Fund (IMF) also is
qguestionable source of funds because it tends to be more aggressive in terms of the preconditions
that it places on the recipient of a loan. For example, the IMF might require an Association to initiate
a voluntary licensing regime within a pre-determined span of time. NGOs are another questionable
source of funding. They might have agendas that are at odds with some or all parts of an Association."’

Organisational Charts for the Council and the Association

What follows in Figure 48 below is the skeleton of a non-governmental institutional arrangement that
performs preparatory regulatory activities. The Council provides advice and guidance on the selection
of policies. A committee assists the Council in these efforts.

An Association provides a forum among ESPs, consumers and the GoSL for discussing rules and
procedures. Discussions occur at the group level. The Association chooses discussion topics and sets
the number of discussion groups. An ad hoc committee deals with assigned issues or problems at the
recommendation level. A working group collects and analyses data that assist the ad hoc committee
with completing its tasks.

Figure 48. Skeleton of institutional arrangements for preparation of regulatory activities

Non-government
organisations

|
I | I

: I Ad Hoc
Council Association Committee
Committee Discussion Group Working Group

Source: Unicon

Figure 49 below is the organisational chart for an inclusive Association such that any affected party
may join it. Each group represented within the Association will elect one member to represent it on

107 Donations from the wealthier members of the Association are frowned upon because they raise concerns that special
interests want to control the work and services provided by the Association.
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the Council. The voting method such as majority rule or unanimity will be chosen by the group.
Membership consists of government and non-government representatives. Discussion groups are
formed ad hoc, and participation is voluntary. Access to a discussion group is open to the entire
membership.

Discussion topics will be tied to closing institutional, regulatory, operational and maintenance gaps
that exist within the electric sector. Participants share their thoughts, opinions and data with the other
participants when discussion groups are in session. They also may share their observations and
conclusions with the entire membership. A discussion group, as a whole, is authorised to make
recommendations if it chooses to do so.

Recommendations deal with solving technical or non-technical problems adversely affecting the
electric sector. But, for the most part, discussion groups are expected to make recommendations that
solve non-technical problems. After a discussion group makes a recommendation on how to close a
gap; it is expected to transmit it to the entire membership. After review and discussion of the
recommendation by the membership the Association, as a whole, may choose to deliver it to the
Council for review and perhaps submission to a Ministry, an ERC or both for further consideration.

Figure 49. Organisational chart for the association

Association
Private Sector .
. Parliament
Companies
N
Consumer Non-government Government
Groups Members Members
J
Professional .
Ministries

Associations

Source: Unicon

The Council and Association are domestic, not-for-profit, NGOs that are national in scope. The
acceptance of an appointment to the Council is voluntary. Representatives of GoSL, private companies
and other “legal persons” are eligible for an appointment to the Council for a pre-determined
duration. A decision to join the Association for an indefinite term is voluntary. It recommended that
GoSL joins the Association or to provide a government perspective.

Ad Hoc Committee

s
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An ad hoc committee is a well-worn administrative tool for dealing with unique and compelling
problems. This type of committee does not want for members for several reasons. Membership is not
permanent. Demonstrated expertise and verifiable experience in solving problems are the bases for
selection. Seniority does not affect the selection because membership is not permanent.

A committee meeting is scheduled to address the contents of a detailed agenda. Matters pertaining
to the specific problem at hand are the only entries on the agenda. The handling of procedural issues
is done by the chairperson at least a week prior to the meeting. Consequently, the objective of each
meeting is to make progress toward a recommended solution for the assigned problem.

The Committee’s success depends on each member behaving as follows throughout each meeting.
Appointees treat each other as equals. They agree in advance that “protecting turf” hinders the
committee’s efforts to find a solution for the assigned problem. Furthermore, they agree in advance
that sharing of opinions and thoughts is proper because they contribute to a better understanding the
problem under discussion.

An ad hoc committee performs more effectively when it deals with one problem at time. However, it
is not possible to guarantee that other pressing problems will not be identified as the Committee
moves toward a recommended solution for the assigned problem. Whenever related problems are
identified the appointees should make every effort to put them aside and take them up at later date.
But, of course, there will be instances when the appointees will be compelled to add newly identified
problems to their agenda.

Each session of the Committee has a definite beginning and end. The session begins when a compelling
problem is assigned to it by a Ministry. It ends when the appointees recommend a solution for
consideration by the Ministry and/or an ERC.1® Meetings occur in between. After a session has ended,
the Committee is suspended, and the appointees are thanked for their service. Its operation is
restarted when another compelling problem requiring an immediate solution is assigned to it.

Organisational Chart for Ad Hoc Committee

108 The Committee also provides the Association with the recommended solution for its consideration. The Association, after
giving the recommended solution due consideration, might forward to it to the Council for its consideration. The Council will
decide whether the recommended solution will help with making effective electric policy.
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Figure 50. Organisational chart for the Ad hoc committee for infrastructure issues

Ad Hoc Committee
for Infrastructure
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Source: Unicon

The Ad Hoc Committee will be independent of and separate from the Association and the Council. It
will deal exclusively with electric problems that need solutions in the short term. The Ad Hoc
Committee will discuss one problem at a time. At the closure of the discussion, it will issue a
recommendation, which is received for processing by the Association. The Ad Hoc Committee, being
a subset of the entire Association, does not communicate with Ministries directly. Communication
with Ministries occurs through the Ministry’s representatives that have been appointed to the
committee. Another constraint on the Ad Hoc Committee is that the pertinent Ministry will not bring
a new problem or issue to it until a recommendation is forwarded to the Ministry and/or an ERC. This
recommendation will be consensual.

Organisational chart for Ad Hoc Committee is provided in Figure 50. An important feature of this chart
is that Parliament, Ministries and private sector are equal members of the Committee. Equal status is
provided to the ESPs, residential users and business users of electricity as well.

The Council and/or the Association can nominate candidates for appointment to the Ad Hoc
Committee; however, the Ministry that forwarded the problem to the Committee makes the
appointments. Being an ad hoc committee, it does not remain operative indefinitely. Instead, its
operation is suspended and reconvened as necessary.

s
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Figure 51. Description of work process for the Ad hoc committee
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Figure 51 above describes the “working” of the Ad Hoc Committee. It starts to work when a problem
has been brought before it by a Ministry. The Committee is convened or reconvened at this point.
After convening or re-convening the Committee the Ministry responsible for forwarding the problem
to the Committee makes appointments.’® The appointments are expected to maximise the
probability that the assigned problem will be solved swiftly. The Committee members establish a
smaller working group. The Ad Hoc Committee’s “work” ends when a recommendation is provided to
the pertinent Ministry and forwarded to the membership of the Association. The Committee is
suspended at this point until a new problem is brought to it. At that time, the Ad Hoc Committee is
reconvened with the expectation of new appointments. Given this process, the Ad Hoc Committee
has considerable value before after an ERC is established.

The Ad Hoc Committee is responsible for recommending solutions for pressing electricity problems on
an expedited basis. The logic supporting its creation is that it will work against the public interest and
the smooth implementation of the Master Plan when pressing problems are left unattended.
Consequently, the proper course is to balance the limited available time between solving pressing

109 The Ministry assigns the problem to the Ad Hoc Committee and charges it to provide a recommended solution to it and/or
an ERC. The Committee is decommissioned after the charge is met, and it is re-commissioned when a new problem is handed
over to it for solution.
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problems created by the absences of guidelines and procedures and establishing an ERC and making
it fully functional.!*?

Governing an Electricity Sector

As stated several times above, regulation is one of the elements of the traditional approach to
governing an electric sector. Other elements are laws, ordinances, guidelines, policies and a
Constitution. GOP selected the traditional approach, and as is common, a significant amount of time
had to pass before regulation entered the governance regime. This outcome should not be surprising.
Anyone who is unfamiliar with regulation initially has many suspicions. Regulation is not a simple
matter, and its implementation is not simple as well.

Role of the Requlatory Authority

An ERC necessarily is a government entity. Among other things, it investigates regulatory issues, writes
orders, issues rules and promulgates regulations. An ERC in Somaliland can be established by GoSL.
The regulations it promulgates have the effect of law, but they are not laws.!'! The purpose for each
regulation is to implement the supporting law in a manner that improves economic efficiency and
serves the public interest.

Specific groundwork is completed by an ERC before it promulgates a regulation. The following
procedure represents a well-worn path for laying the groundwork. Briefly stated, the procedure begins
with identifying an issue requiring a regulation before it can be resolved in accordance with the
supporting law. An ERC may or may hold a public hearing to discuss this issue before it initiates a rule-
making proceeding. Regardless of the decision to hold or not hold public hearings to discuss the issue
an ERC issues a NOPR thereby opening a rule-making proceeding. The rule-making proceeding ends
with an order written by the ERC. This order also is the final rule. The final rule sets the precedent for
the regulation. In fact, the final rule contains the regulation that will be promulgated by including it in
a COR.

What follows is Table 50, which traces the progress to the resolution of two regulatory issues in
Pakistan. The issues pertain to practical problems that affect transmission planning and cost allocation
by transmission-owning and operating public utilities. In this case, their resolution did not result in
two regulations. Instead, two final rules were issued because a supporting law was not put in place.
The most important points made in this Table are: 1) a rule-making process always ends with a rule
and 2) it does not have to end with a regulation.

110 pelaying consideration of standards and codes is not as damaging as it appears. Transmission grids and distribution
networks can be “retrofitted” with standards and codes to formalise and extend the protections provided by guidelines and
procedures.

111 | aws cannot be passed by a government agency. Only GoSL can pass laws.
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Table 50. Trace of the Pakistan — regulatory orders leading to a regulatory rule

Date Docket Number Issue Document

June 17, 2010 RM 10-23-000 Transmission  Planning | Notice of Proposed
and Cost Allocation Rulemaking

July 21, 2011 RM 10-23-000 Transmission  Planning | Order No. 1000 (Final Rule)
and Cost Allocation

Post July 21, | RM10-23-001 Transmission  Planning | Notice of Proposed

2011 and Cost Allocation Rulemaking

May 17, 2012 RM 10-23-001 Transmission  Planning | Order No. 1000-1 (Final
and Cost Allocation Rule)

Source: Unicon

Conversion of a Final Rule into a Requlation

A rule promulgates to a regulation when a rule issued by an ERC is inserted a COR.'*? However,
insertion into a COR is permissible only when there is a supporting law. This subtlety creates the widely
experienced confusion between a regulation and a rule.!®® It, therefore, is not surprising that
Somaliland unfamiliar with economic regulation has many institutional gaps to fill. This problem is
extremely pressing when regulations are preconditions for international aid, lending or investment.

Rules do more than influence the behaviour of participants in an electric sector; they also assure the
realisation of policies that have been written to guide transitions within and between electric
markets.!* However, they do not have the force of law. Regulations do have the force of law. Hence,
they are better suited for guiding the expansion of an electric sector. Still, it cannot be forgotten that
regulations cannot exist without precedent law.'*®

Summary

Options for developmental progress within an electric sector are present in Somaliland despite the
absence of laws and regulations. Policies, rules, technical codes and procedures are viable options. It
is not that they replace laws and regulations. Replacement is not possible because rules are in a very

112 Ryles are not codified, buy they should be noticed and archived at a central location for references by affected parties.

113 After this subtlety is revealed and explained, economic regulation is de-mystified becoming more understandable and
simple. As a result, over time, new laws will be passed that are not as detailed as the first one, and then the regulatory process
becomes more sequential and less daunting.

114 Important and fundamental differences exist between economic markets within the economic sector and the economic
sector itself. Markets capture the interactions between producers, consumers and the Government. A sector exhibits the
industrial organisation of the markets, thereby establishing the interrelations among the markets as to competitive, non-
competitive and monopolistic.

115 Two examples are useful for illustrative purpose. Regulations do not exist concerning the licensing of electric-power or
electricity providers because a law has not passed that codifies that an electric-power or electricity provider must have a
license. Regulations do not govern the procurement of electric machinery and do not exist because there are not laws that
codify specific procurement policies and processes.
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real sense voluntary. In short, rules can be ignored or violated at any instant even if they are outcomes

of a collaborative process.'t®

Way Forward

Somaliland’s NDPII continues a process for building a foundation for governing the electric sector.
Passage of laws and the creation of new institutions are elements of this process. Once this process
ends GoSL will begin staffing, training and building the capacity of an ERC. The case studies presented
in this report suggest that it will take a considerable amount of time to complete the process.

A theme found in this report is that the existing lines of communication between the Ministries, ESPs
and the users of electric power and electricity users do not provide the depth and breadth that is
required for the effective governance of an electric sector. Pairwise communication currently is the
norm, but this norm is most suitable for the airing of complaints. Unfortunately, it is less suitable for
the resolution of complaints. What is required are open and transparent lines of communication. They
hasten the solution of pressing electricity problems that affect the welfare of electric power and
electricity users and ESPs. But, open and transparent lines of communication do not occur naturally.
The lines of communication that do emerge are closed and isolated.

Institutions are effective means for creating open and transparent lines of communication.
Institutions, in principle, are charged with establishing and maintaining lines of communication with
these two attributes. Meanwhile, GoSL, in principle, is charged with ensuring that the lines of
communications are fair, just, non-preferential, non-discriminatory. GoSL also in principle is charged
with passing legislation that governs the flow of information and data among the Ministries, an ERC,
ESPs and electric power and electricity consumers.

Case studies of Irag and Pakistan showed that it takes time to establish a functional ERC. They also
suggested that a major difficulty with respect to establishing an ERC is that the capacity of groups to
communicate peacefully with each other was lacking. Instead, group communication took the form of
protests and court cases. As a result, it will be concluded in this report that effective lines of group
communication are needed to prepare for the establishment of an ERC.

Universal agreement has been reached that polices are more powerful than rules and procedures. But
also, policies are less prescriptive than rules, and rules are less prescriptive than procedures.''’
Universal agreement also has been reached that the Constitution is more powerful than laws and
regulations. These facts cannot be ignored. When they are ignored establishing an ERC becomes
bogged down in details. For example, a regulation cannot be promulgated without a supporting law.
Hence, a demand for regulations often is counter-productive when an enabling law is not already
present.

116 procedures have the same characteristics and attributes of rules. They are voluntary. Codes, however, can be voluntary or
mandatory. Of course, a code that is mandatory requires an ordinance at the very least.
117 A rule can be passed before a law has been passed if the rule is presented in the form of a recommendation.
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Preconditions

An approach for opening group lines of communication in preparation for establishing an ERC has
been explained in the preceding chapter. It consists of forming a Council and Ad Hoc Committee and
supporting an Association. However, there are preconditions. First, GoSL has to be committed to open
and transparent communications with respect to electric matters, problems and issues. Second,
disguised barriers cannot be erected by anyone to thwart these group communications. Third, the
GoSL is the champion for implementing the approach.

After these preconditions are fulfilled and the lines of group communication have been opened and
are working, it is a straightforward matter for affected parties to participate meaningfully in the
passage of laws that establish an ERC. After becoming prepared and passage of these laws affected
parties will be able to act as interveners in the process of issuing of rules, determining tariffs, setting
standards and approving codes.

Government Role

One or more of the Ministries can initiate a collaborative process to develop a recommended policy.
GoSL can participate in an Association and a Council. GoSL can convene an Ad Hoc Committee. It needs
to be emphasised at this point in the Report that the Council, Association and Ad Hoc Committee are
private-sector organisations with government representatives acting as either observers or
participating as an equal during the meetings. Therefore, it would be counterproductive for any
Ministry or agency of the GoSL to assert jurisdiction and authority over the discussions that occur
during meetings. However, it would be appropriate to a Ministry or agency to assert jurisdiction over
the topics, problems and issues assigned to the Ad Hoc Committee of Experts for resolution. In effect,
the GoSL would be providing general and non-specific direction to the Ad Hoc Committee, but it would
not direct the course of the work occurring within the Committee in any substantive manner.

Associations have been used to self-regulate professionals. In principle, membership is voluntary. In
practice, membership is a necessity. Associations have passed and enforced rules that address
unacceptable behaviour. But, the worth of these rules had to be proven before they are enforced
effectively. Thus, in the beginning, the stated purpose of an Association should be to improve the
livelihood of its members and the public in general. Membership should be all inclusive with the
criterion for inclusion being designation of an affected party. These objectives are best achieved by
assuring that any recommended rules are predated with data collection research and the
rationalisation of Association funding.

A strong and effective Association is self-funding. But, strength and effectiveness grow over time. As

a result, it cannot be asserted that fees and levies are sustainable sources of funding for a new
Association. Consequently, the largesse of donors and lenders is needed to some extent to assure the
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survival of an Association. This largesse, however, cannot be assured. Hence, an Association’s
expectations must be realistic and achievable.

An active Ad Hoc Committee requires GoSL support and input from the Ministries. GoSL and Ministries
have the capability and capacity to prioritise pressing electricity issues and problems. They also have
the power to motivate affected parties using the means deemed appropriate in the context of the
problem assigned to the Committee.

The ideal group membership of the Association would consist of Independent Power Producers, if any,
Electricity Service Providers, electric and electrical equipment manufacturers, consumer groups and
social-services groups. Whereas the staffing needs of the Association are administrative and
secretarial those fulfilling these needs would not require any donor support. The next question is
donor support needed to fund the Association’s membership to wit the answer is only in two limited
circumstances. IPPs. ESPs and equipment manufacturers would not need any external financial
support to join the Association. Only, the consumer and social-service groups would need some
financial support which can be shared between the GoSL and donors. Moreover, the essential
members of this Association are the IPPs, ESPs and consumer groups. Therefore, if donor support is
scant, the social-service groups can be excluded. Hence funding the Association is not a deal-breaking
issue. This conclusion is even stronger for the Council because it would be comprised of executives
from firms operating within the electric sector. None of them would need financial assistance to join
the Council voluntarily. The Ad Hoc Committee, which would be comprised of experts, would needs
daily stipends to participate in the meeting when they are drawn from domestic organisations and
academic institutions, and foreign experts desired by donors would quite naturally be funded by the
donors.

Future Structure and Roadmap

The proposed future structure for governing Somaliland’s electric sector occurs in stages. The first
stage is preparatory. The second stage is enabling in the sense that GoSL determines the hierarchy for
the governance of the electric sector. The third stage is the establishment of an ERC.

The first stage ends with GoSL forming and establishing a Council and an Ad Hoc Committee and
supporting an Association. These three new institutions survive through the second stage and become
permanent with the completion of the third stage. And importantly, they remain public-private
organisations that place GoSL and the affected parties on equal footing.

The second stage ends with the passage of laws that establish an ERC for Somaliland’s electric sector.
Parliament and Ministries are the driving entities. Working interactively, they determine the location
of an ERC, the hierarchal relationships affecting the operations, independence and the status an ERC.
None of these actions requires the passage of laws. They are administrative in nature. However, the
impacts of these actions will be included in the laws that establish an ERC.
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The third stage ends with the issue of policies, regulations, rules, standards, codes, tariffs, quality-of-
service targets and guidelines. These activities will begin as soon as ERC’'s members are appointed by
GoSL, and ERC’s core staff is selected, hired and begin to work. However, the third stage does not end
until the regulations, rules, tariffs, targets, guidelines, standards and codes meet or approach
international best practices. This goal is achieved through training and building the capacity of an ERC.

Figure 52 below depicts the proposed future structure of the GoSL hierarchy for the governance of
Somaliland’s electric sector. The future ERC is an independent agency, commission or authority having
its own budget, its own staff and its own building; however, it reports to a Ministry, which performs
its administrative tasks and oversees its activities. The Ministry reports to Parliament on regulatory
matters and informs the Executive.

The future ERC is structurally separate from the Ministry’s directorates and is not a department of the
Ministry. Meanwhile, the Ministry’s departments report to the Directorate, while consumers and EPSs
interact with the ERC. The Council provides recommendations to the Ministries and/or the ERC. The
Association discusses policy, regulatory and commercial issue and informs the Council. The Association
also reviews the Ad Hoc Committee’s recommended solutions and informs the Ministries and/or the
ERC. The Ad Hoc Electricity Committee recommends solutions for the problems assigned to it by a
Ministry. The recommended solutions are given to the Ministries and the ERC.
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Figure 52. Future structure for the governance of Somaliland’s electricity sector
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Table 51 below is the timeline for the path forward to establish an ERC. The timeline does not contain
exact quantities in several instances. Hence, an assumption is needed to provide an expected
minimum and an expected maximum number of years to the full establishment of an ERC. The
assumption is that the minimum number of months for an inexact quantity of less than one year is

three (3) months. Thus, the minimum number of years to an ERC is estimated to be 6 years and 3

months, and the maximum number of years to an ERC is estimated to be 10 years. These estimates
are rather distressing, but the case studies presented in this report demonstrate that they are not

unreasonable.

Table 51. Timeline for the path forward on establishing the ERC

Milestone New Institution Time to Completion
1 Establish the Ad Hoc Committee Less than one year
2 Establish the Association Less than one year
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Milestone New Institution Time to Completion
3 Establish the Council Less than one year
4 Select the location of the ERC Up to one year
5 Select the status of the ERC One year
6 Pass a law that establishes the ERC One-to-two years
7 Appoint the members of the ERC Up to one year
8 Staff, train and the build the capacity of the ERC Three-to-five years

Source: Unicon

Conformance with Somaliland’s National Development Plan

The Somaliland National Development Plan I (2017-2021) is a cohesive official government document
describing the intentions, desires and expectations of GoSL with respect to pillars for development,
civil service and infrastructure investment. The document recognises the fact that the electricity
access, affordability and quality are in need of urgent improvement.!®

The energy-and-extractives-sector was made a major part of the ‘economic development’ pillar and
focuses, among others, on the priority of ‘ensuring access to affordable, reliable, sustainable and
modern energy for all’.!*® An important issue in this regard is the difficulty that consumers are
experiencing as they seek to attain access affordable electricity.

The document talks, among other things, about the importance of development in the areas of (i)
electricity transmission and distribution, (ii) wind energy, (iii) solar energy, and (iv) wave and tidal
power.

Several themes are present in NDPII that are applicable to this report. To set the context, this report
is a description and analysis on the current institutional situation in Somaliland electric sector and the
gaps that exist within it. As with every report of this type, there is a baseline from which the analysis
is begun. In this instance, the baseline was very scant. Also, the Plan not only looks at introducing new
arrangements like ERC, but also recognises the need for review and revision of the existing document,

(i.e. the Energy Policy of 2010 is scheduled to be revisited and revised by the year 2021.)%°

There are numerous institutions, that is, Ministries, with roles to play in governing Somaliland’s
electric sector, but beyond that, as documented in the preceding paragraph, there is little. There are
not any laws that refer to industry and market structures or inclusion of competitiveness behaviour
and exclusion of anti-competitive behaviour. Not unexpectedly, NDPII follows on with the notation
that policies applicable to the electric sector do not exist as well. In short, the entire internal structure

that supports the roles, duties and responsibilities of an ERC is absent.

118 National Development Plan Il (2017), page 62
119 National Development Plan Il (2017), page 67
120 Somaliland National Development Plan Il, page 73
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In line with the above, the National Development Plan I, among the needed reforms in legal and
institutional framework, lists to:

e Develop a Power Master Plan;

e Undertake reform in order to strengthen the Sector’s institutional and financial positions;
e Develop and enforce electricity provisions, regulations and guidelines;

e Strengthen health and safety rules and regulations;

e Improve guidelines for customer services and relations;

e Unbundle the power sector to power generation, transmission and distribution;

e Consolidate private power generating companies.?

Finally, and most importantly, the National Development Plan Il specifies that, by 2021:
e anational framework will have motivated electricity trader business transactions with an
annual net worth by US $1million;
e 100% of electrical workers and contractors will be licensed and certified;
e the approved and endorsed legal and regulatory framework will attract US $100 million
business investment and financing commitments for industry.

All of the above confirms the necessary political will to implement change, and building the proper
legal/institutional framework is correctly recognised and an important prerequisite.

Conclusions

This report contributes to the implementation of a Power Master Plan for Somaliland’s electric sector.
Several objectives have been achieved in this regard.

The first is an examination and analysis of the current institutions within Somaliland that are involved
with the regulation of the electricity and electric-power industries. The findings are:

e Somaliland does not have electricity and electric-power laws;

e Somaliland does not have government institutions charged with the regulation of these
industries;

e Somaliland has not promulgated any regulations that govern the operation of the electricity
and electric-power markets or address the safety of these markets.

The second objective was to devise an approach that would compensate for the absences of laws,
regulations and a regulatory authority. In this regard, analysis has been conducted to show that three
well-tested institutions mimic to the extent practicable the activities of an ERC established by a law.
These institutions are:

121 Somaliland National Development Plan Il, page 65
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e Council;
e Association; and

e Ad Hoc Committee.

The third objective was to conduct case studies that demonstrate the need for these institutions.
The first case study revealed that agreeing upon the status of an ERC and its location are not simple
decisions that are made quickly before passing a law establishing the ERC. The second case study
reveals that training and building the capacity of staff is a long and continuous process. The third case
study documents the passage of the significant amount of time that was foreseen in the second case
study. Thus, each of these case studies demonstrates that something had to be done to compensate
for the absence of a fully functional ERC.

The fourth objective was to provide a compelling defence of the recommendation to form a Council,
an Association and an Ad Hoc Committee while waiting for the passage of a law establishing an ERC.
The defence’s central feature is that not pursuing immediate solutions to pressing problems is not in
the public interest or in the interests of the electricity and electric-power industries. Other features of
the defence are the implementation of the Master Plan suffers when these new institutions have not
been created to compensate for the absence of an ERC; these institutions and the benefits that they
provide survive the establishment of an ERC; membership in these institutions is voluntary; the
interrelated actions of these institutions provide a well-tested mechanism that provides GoSL with
recommendations that lead to polices and solutions for pressing problems; these institutions do not
replace an ERC; these institutions complement an ERC.

The fifth objective was to integrate the results and findings described above into a path forward for
the filling of institutional gaps. This objective is met herein by first recalling the objective to be met
by preparing a Master Plan. That objective is the preparation of a least-cost, integrated plan for the
deployment of generation, transmission and distribution assets over the next twenty years. It was
recalled that preparing a Master Plan requires verified data or efficient estimates of the values of
many quantitative and qualitative variables, and furthermore, it was recalled that planners are
confronted by a continuum of “all possible worlds”.

The attributes of the best of all possible worlds are not difficult to imagine when creating a Master
Plan for an electric sector. A national electricity and electric-power policy has been fully vetted,
conscientiously revised and assiduously articulated, thereby providing an extremely solid foundation
for the Master Plan. Robust, efficient and unbiased forecasts of electric power and electricity have
been prepared and published. The full spectrum of different types of generation assets are available
to the planner, and all proven transmission and distribution technologies are accessible by the planner
and can be deployed as planned. However, it is unlikely that the best of all possible worlds will exist
in the real world. Instead, planners are compelled to choose from the available good and not-so-good
possible worlds.
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Planners would benefit greatly if a proven transmission grid and efficient distribution networks were
present in Somaliland. Planners also would appreciate the availability of the full set of generation
options. But, planners cannot rely on either in Somaliland. As a result, the possible world for
Somaliland is not-so-good.

Waiting for laws and regulations delays progress that could have been made without them. The
Master Plan suffers as a result. Specifically, it becomes stuck in the political or bureaucratic apparatus.
The best way to avoid such an outcome is to open lines of communication between GoSL, the private
sector, the users of electricity and electric power and interested parties in general. Free and frequent
communications are essential to the integrated planning of an electric sector that is immature and
unruly.

Opening lines of communication, however, often requires the creation of new institutions. This is the
situation in Somaliland. The conclusion reached in this regard is to form a Council, an Association and
an Ad Hoc Committee. Membership in each of these institutions is voluntary and open to all affected
and interested parties. Preferred status does not exist in any these institutions, and therefore, every
member is treated equally.

Councils appointed elsewhere have made sound recommendation efficiently, and therefore, they
contribute regularly to the formation of policies at all levels of government. But, making
recommendations is not the only thing that a Council does. Council members offer their expertise and
experience. In this instance, they would review the comments, opinions and analyses given to them
by the Association as whole and individual members of the Association as they prepare for making a
recommendation to a Ministry and/or an ERC. In other words, the Council does not make its
recommendation in isolation from the work of others.

An Association in other contexts writes rules, implements them and enforces them. But, these powers
should not be exercised in Somaliland. Instead, an Association should exercise its authority to sign
MOUs with GoSL. MOUs are useful for a country with a fledging private electric sector that does not
have a strong foundation of policies and laws. They also are excellent vehicles for opening lines of
communication while the country is in the process of establishing governance institutions that serve
the private and public interests. And importantly, an Association will survive the establishment of an
ERC.

Associations in existence elsewhere have been shown to self-regulate professionals effectively.
Although membership is voluntary in principle membership is mandatory in practice. Associations
have passed and enforced behavioural rules. But, such power is a by-product of the Association having
proven its worth to the members. Thus, the recommended conclusion in this report to form an
Association does not rest on a precondition that the Association must have the power to issue and
enforce rules. Instead, the conclusion presented in this section rests on the capability of the
Association to open lines of communication among its members.
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The conclusion also rests on the fact that open and accessible lines of communication yield a unified
front when its members interact with GoSL, an ERC and affected parties. A unified front is not easy to
come by when problems are pressing. Largely for this reason, it is concluded that the Association
should not have the power to issue and enforce behavioural rules. Instead, it is concluded it should
use its newly opened and accessible lines of communication to improve the livelihood of its members
and the public in general. This objective is best achieved when its members charge the Association
with discussion, data collection and focused research tasks.

While a strong Association is self-funding strength grows over time. As a result, it cannot be concluded
that fees and levies are sustainable sources of funding for the recommended Association.
Consequently, the conclusion is that the largesse of donors and lenders is needed to assure the
survival of the Association. To obtain this largesse, it is concluded that the Association’s expectations
and identified tasks and purposes must be realistic and achievable.

It is concluded that an Ad Hoc Committee is an extremely effective means for solving problems when
the industry and market structures are ill-defined. The justification is the characteristics and nature of
an Ad Hoc Committee. The first and foremost characteristic is that it is in session only when a problem
or issue has been brought before it by a Ministry for a recommended solution. The next characteristic
is that it stays in session until the requested recommendation is provided to the Ministry that assigned
the problem and shared with others. The final characteristic is that only pressing problems are brought
before it by Ministries. As for its nature, the Ad Hoc Committee always has high levels of expertise and
experience in the context of the problem that has been assigned to it. Hence, appointment to the
Committee is not permanent. Instead, appointment varies with the problem.

It is concluded that the Council, an Association and the Ad Hoc Committee are essential for the
following reasons. Although there is universal agreement that the electricity and electric-power
industries do not function smoothly without policies, laws, rules, regulations and an ERC universal
agreement also is being approached that an ERC is not fully functional as soon as a law is passed
establishing an ERC. Neither is full functionality achieved by promulgating regulations. An ERC with
insufficient capacity does not always promulgate regulations without significant technical errors. The
interaction and relationships among the Council, the Association and the Ad Hoc Committee are
buffers against the eventuality of technical errors being made during the construction of a regulation.
The comments, opinions and recommendations provided by the Council, the Association and the Ad
Hoc Committee are additional information that would not necessarily be available to an ERC.

Each of the above reasons for forming a Council, an Association and an Ad Hoc Committee is
buttressed by the case studies presented in this report. The first case study revealed the difficulties
encountered in selecting a location for an ERC and agreeing upon its status within the government
hierarchy. The original proposal was an independent ERC that was not overseen by a Ministry, and
therefore, the ERC performed its own administrative functions. The actual location and status are a
Department within a Directorate within a Ministry. The causes for this outcome were bureaucratic
and legal barriers. The fact is that not all government cultures are the same.
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The second case study examined the progression of the maturation of an ERC. It revealed that
establishing a smoothly functioning ERC takes a significant amount of time even when it is
independent in the sense that it is not overseen by a Ministry. The primary cause was a failure to
become fully versed in regulatory processes and procedures.

The third case study examined the importance of the Government’s mind-set during training and
building the capacity of an ERC. It was revealed that a best practice is that training and capacity
building occur throughout the tenure of the staff. It also was presented that regulatory staff should
be permanent in the sense that it is not subject to mandatory rotation to other parts of the
bureaucracy. This form of permanency ensured a solid institutional memory, which is an essential
element of a smoothly functioning ERC. And lastly, the case study proved that an ERC can perform
efficiently and effectively when it reports to a Ministry.

However, none of these case studies addressed the attributes and characteristics of the processes and
procedures used to make regulatory decisions. Therefore, it was necessary to include an institutional
gap that generally is not mentioned. This gap is the absence of a law dealing with administrative
procedure. Relying on the experience of a country with a mature regulatory apparatus it is concluded
that such a law does not have to pass contemporaneously with the passage of a law establishing an
ERC. Although the presence of this law serves to install confidence that an ERC will not overstep its
boundaries it also is concluded that an ERC without the constraints of an administrative procedures
law is able to complete its work effectively by limiting its initial decisions and regulations to the
approval of standards, codes and safety measures.

The path forward picks and chooses among the options presented in the report. It contains the
Council, the Association and the Ad Hoc Committee. They are included because each one survives the
establishment of an ERC. Once an ERC is established the internal discussions that the Council, the
Association and the Ad Hoc Committee are engaged in outside of the regulatory process will yield
recommendations that will shorten the regulatory proceedings.

The path forward includes an independent ERC with the status of an agency, commission or authority.
It is concluded that the status of an ERC is too low when it is a Directorate within a Ministry or a
Department within a Directorate. Furthermore, it is concluded that the newness of an ERC requires
oversight by a Ministry. It also is concluded that the Ministry should perform an ERC’s administrative
functions, which frees an ERC to work exclusively on regulatory issues and problems.

There is no doubt that the path forward is blocked partially by an absence of a law establishing an ERC.
It is a fact that regulations cannot be promulgated before an ERC has been established. Similarly, a
government-sanctioned rule cannot be issued until an ERC has been established. It has been
concluded that accomplishing either of these two tasks requires that several preconditions are in
force. First, the ERC is aware of an unresolved regulatory issue. Second, it decides to hold public
hearings. Third, it issues a NOPR. Therefore, it is concluded that the best course of action is for GoSL
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to confront this obstacle head on and re-route the path forward. The formation of the Council, the
Association and the Ad Hoc Committee is the re-routing of the path forward.

GoSL has an important role to play when the proposed re-routing of the path forward is accepted. A
Ministry is made responsible for initiating a collaborative process to solve a pressing problem. The
Ministry chooses the problem that is assigned to the Ad Hoc Committee for prescriptive action. The
Ministry appoints the members of the Ad Hoc Committee only with expertise and experience in the
context of assigned problem. The Ministry participates in the deliberations of this Committee as an
equal member. The Ministry participates in developing a recommendation that subsequently will be
provided to it and/or an ERC. However, the Ministry does not have the power to block a
recommendation.

Forming the Council, the Association and the Ad Hoc Committee opens accessible lines of
communication that benefit Somaliland and its electric sector. These lines of communication provide
GoSL with an opportunity to experience the benefits of listening to the concerns and demands of
affected parties in neutral environments. These institutions help GoSL and affected parties to grasp
the importance of putting their concerns and demands in writing. They inform GoSL and affected
parties of the benefits of several meetings on the same topic and making time available for reflection.
And lastly, they are the sources of records that support GoSL’s decisions before an ERC is established.
Each of these benefits assists GoSL's efforts to become well-versed in the regulatory process.
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Annex 4: Note on Distribution Standards and Voltage Levels

Box.

This Annex was separately submitted earlier as a stand-alone
deliverable/report for the project and added to this Power Master Plan
report as a supplementary annex to highlight findings and
recommendations of Unicon on this matter. Terms ‘report’ and similar in
this annex are related to this Annex only.

Objectives

The objective of the task is to recommend engineering standards for safety related issues and
technical standards and guidelines for harmonisation in areas of planning and design, system
operation, and maintenance for local utilities and national level agencies.

There is a noticeable lack of standards of any kind in the electricity sector. There have been curtailed
attempts by the authorities to introduce change, but very limited and not structural. Significant
improvement is necessary in bringing the distribution standards and voltage levels to a unified base,
which will serve as a foundation for further development.

This note discusses Standards and voltage levels under three main headings: Data management, High
Voltage Transmission, MV and LV Distribution.

Data Management

The creation, update, maintenance and general management of electricity transmission and
distribution network in terms of spatial and non-spatial data is critical toward efficient operation.

The voluminous nature of data involved for proper record keeping is indeed cumbersome, and cannot
effectively be handled by traditional system of record keeping. The outdated analogue system means
acceptance of inflexibility resulting from data storage in fixed forms and formats. The system becomes
less useful for many purposes and are rarely updated because of cost implications. The maps are easily
displaced or destroyed because many different people at different locations use them.

An alternative approach of maintaining a database in a scientific and efficient manner by use of
information technology is therefore, required. Hence, there will be improvements in planning,
implementation and operation of the electricity sector through provision of timely, reliable, accurate
data which will facilitate its decision making activities. In order for mapping for proper utility design
and maintenance to be satisfactorily achieved, the more sophisticated a data management system
must be embraced.
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When any new transmission or distribution system is designed, positional data (Latitude, Longitude)
is a minimum requirement for electrical design. Mechanical design has an additional minimum
requirement for elevation data (Z).

Status in Somaliland

Although Somaliland does not have its own dedicated positional database for electrical transmission
or distribution, the technology evolution now provides some useful tools and data sets, which are
readily available, and can be easily used to contribute toward Somaliland’s data management needs.

There is a SRTM30 dataset (CGIAR-SRTM data aggregated to 30 seconds).'??This data is freely available
from the U.S. Department of the Interior U.S. Geological Survey, and is a valuable design tool which
can be used. A meshed topographical map can now be created for preliminary design of overhead
transmission and distribution lines. Detailed satellite imagery is available in some major cities which
can also be used as a base layer for detailed final design of transmission, sub-transmission lines, and
distribution lines.

Status of Land Surveying in Somaliland

Land surveying and land management is a fundamental and integral part of electrical transmission and
distribution systems. Without proper surveying and cadastral maps, management is not possible.
Countries differ on what tools or technologies used for surveying. With the advent of new technologies
such as Lidar, total stations, RTK GPS, the surveying tasks have become more accurate, far simpler,
and manageable. Most countries opted to bring state-of-the-art technology in their Surveying
departments to take benefit of the new developments. In Somaliland, however, the contrary is
evident, and this technology is not used.

Synopsis and proposed scope of Data Management

Data management is still largely paper-based in Somaliland. There has to be a fundamental change in
mind-set for all local stakeholders regarding Data Management. The biggest obstacle to change
acceptance is for stakeholders to understand the benefits of new technology. The best way to provide
this understanding, is for the stakeholders “to feel the consequences” of not having a modern data
management system.

High Voltage Transmission

Status of Regional High Voltage Transmission Master Plans

122 The Shuttle Radar Topography Mission (SRTM) is an international research effort that obtained digital elevation models on
a near-global scale. The data (referred to as SRTM), is readily available.
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There are several regional role players who have master plans in place either in final or in amended
draft form. These reports and master plans all are all in general agreement with one another, but are
lacking detail when considering interconnection of Somaliland.

Common Market for Eastern and Southern Africa (COMESA) has embarked on an Energy Programme
whose main thrust is to promote regional cooperation in energy development, trade and capacity
building. The COMESA adopted in November 2007, the COMESA Model Energy Policy Framework. In
the area of Renewable energy, a baseline renewable energy database was developed for COMESA
region.

The Eastern Africa Power Pool (EAPP) was established in 2005 and adopted in November 2006 as a
COMESA specialised institution for the enhancement of energy interconnectivity in the region and the
rest of Africa. The EAPP adopted the 2025 strategic road map and the regional market design. A
regional power master plan and grid code were also developed as well as the establishment of an
Independent Regulatory Body.

The East African Power Pool (EAPP), published their first high voltage master plan in 2011. This was
then updated to incorporate scope to include Libya, the entire DRC and South Sudan Master Plan.
There is however, no detailed interconnection plan to Somaliland.*

The International Renewable Energy Agency (IRENA) is an inter-governmental organisation that
supports countries in their transition to a sustainable energy future, and serves as the principal
platform for international cooperation. In their study ‘Analysis of Infrastructure for Renewable Power
in Eastern and Southern Africa’, they incorporate Somaliland into the EAPP grid connection plan by
means of northern and southern 230kV transmission lines from Ethiopia.

Conclusion: Regional transmission expansion masterplans all largely ignored detailed interconnection
plans for Somaliland. There is however, a common generalised and vague reference to possible future

interconnection.

Current Status of Regional HV Transmission Grid Codes

The Ethiopian National Transmission Grid Code (ENTGC) follows exactly the East African Power Pool
Interconnection code (EAPP IC), as well as the COMESA Model Energy Policy Framework. Ethiopia
would therefore be the most technically and economically viable point of interconnection to
Somaliland. This section therefore, addresses the status of grid codes specifically in Ethiopia.

The ENTGC is based on the grid codes of several other countries. These include The South African Grid
Code (2012), The South African Grid Code for Renewable Power Plants (2012), The Namibian Grid
Code (2005), The Indian Electricity Grid Code (2010, The Rwanda Grid Code (2012, The Ethiopian

123 EAPP Regional System Masterplan Published Dec 2014
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Energy Agency (EEA)’s Draft Interface codes for Generation, Interconnection, Distribution, and the
Kenyan Grid Code (2015).

The ENTGC specifies grid compliance criteria under 4 main headings: Planning, Connections,
Renewables and Operations.

Conclusion: If Somaliland wished to interconnect with Ethiopia, it would need to comply with the
technical requirements laid down by EAPP IC and ENTG codes, as well as the COMESA Model Energy
Policy Framework. These requirements are well developed and clearly defined, based on
internationally accepted IEC standards. It would clearly not be economically or technically viable for
Somaliland to create a new grid code, or deviate from an existing grid code for cross border
interconnection.

Status of HV Regional Transmission Standards

The Ethiopian Standards Agency (ESA) is the authority representing Ethiopia. The National Electro-
technical Committee of Ethiopia, (NECE), was established in November 2012 under ESA. Ethiopia is an
affiliate member of International Electro-technical Commission (IEC). It has adopted 246 IEC
specifications. There are Technical Committees (TC) within the framework of the IEC affiliate
programme. These TC's fall under the control of NECE. The most relevant TC's to the transmission
industry are TC62 and TC63.

TC 62 covers electrical power supply systems and machines, rotating machinery and components,
transformers, solar cells, batteries, household electrical appliances and equipment, power
transmission, distribution networks; and Rectifiers, converters, stabilised power supply. TC 63 covers
electrical materials and conductors, electrical materials and conductors in general such as cables, bus
bars, wires, magnetic materials, semi conducting materials, and insulation materials, etc.

Ethiopian Conformity Assessment Enterprise (ECAE) is the conformity assessment organisation in
Ethiopia. ECAE provides testing and accreditation services based on standards such as ES, IEC, ISO and
others national standards or specifications.

ECAE has a well-developed Electrical Test laboratory where different electro technology products are
tested according to Ethiopian standards adopted from IEC International Standard test methods and
requirements. ECAE’s Electrical laboratory has six main laboratories for testing Cables, Insulators,
Protection Devices, photo-metrics, batteries, power analysis, and a new PV test lab.

Conclusion: There is a well-developed regional set of standards and local laboratories, which conform
to and incorporate IEC international standards. Ethiopia appears to lead the field in terms of

enforcement and implementation of standards, within the auspices of COMESA and the EAPP.

Synopsis and Proposed scope for High Voltage Transmission
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There are no power master plans within Somaliland. There are, however, well-defined regional power
master plans, but with vague, yet common reference to possible 230kV interconnectors from Ethiopia.
It is most improbable, given the complexity of negotiations, and policy making, and lack of any HV
infrastructure, that any form of interconnection with Somaliland could materialise in the short term.

There are no methods and standards within Somaliland, but there are well-developed international
interconnection and transmission standards in place in Ethiopia, and in the neighbouring EAPP
countries.

In the context of Somaliland’s future HV transmission planning strategy, it would be imprudent for
Somaliland to develop new or different transmission grid codes, or standards, if they wish to connect
to Ethiopia or any of the EAPP countries at some unknown future point in time.

The most expensive component of a transmission grid is transformers and substations. The purchase
of non-standard plant can have disastrous cost implications later. 2*1?° |t would be of utmost long-
term importance that Somaliland, during its gradual network expansion, adopt and adhere strictly to
IEC international standards for any planned HV transmission lines and substations.

Significant technical augmentation could be achieved by joining the IEC as an affiliate country (like
Ethiopia), and by direct cooperation with ESA. The primary benefit would be training and development
of technical work groups within the IEC framework.

The absence of fixed interconnection plans, or a national grid code does not prevent Somaliland from
developing a corridor route selection plan for the future 230kV interconnectors. All this can be done
in advance of any negotiations with neighbouring countries. This exercise is also not affected by
electrical grid codes of neighbouring countries. The line route options, and even preliminary design
and costing options, can all be done by making use of currently available SRTM data and satellite
imagery utilising industry standard line design software.!?® Having a preliminary line design, costing
and route options available would provide a significant advantage when negotiating with
neighbouring countries, and when requesting funds from international donors.

It would therefore be a very viable proposal, to carry out preliminary line design and corridor route
selection for the possible 230kV interconnector. The benefits for training local engineers in survey, GIS

and line design techniques, using industry standard design software, would be immense.*?’

124 Case study 1:- In South Africa during the apartheid era sanctions period, non-standard transformers were purchased from
non- reputable sources. These have to be replaced later at huge cost.

125 Case Study 2:- Afghanistan, interconnection between HV grids is not possible unless a back- to- back DC substation is built
at h cost.

126 power Line Systems software (PLS Cadd) is the industry standard design programme for the design of overhead electric
power transmission, distribution, lines and their structures. https://www.powline.com/

127 The training component would only be possible if Somaliland provided an engineer and purchased PLS Cadd software for
its own use.
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MV and LV Distribution

Cost of Distribution and effects of low consumption

By comparison to other developing countries, Somaliland has a very low After Diversity Maximum
Demand (ADMD). All past reports researched, estimate ADMD to be in the range of 500-600W per
connection.'®This is less than half that of similar strife torn countries like Afghanistan. This low figure
is a direct result of the consumer not being able to afford the cost of electricity.

In order to fully appreciate the simplicity of problem, one has to look at it from the perspective of the
private electricity supplier. In order to receive the same return on investment, with only half the
demand, the private generator has no option but to double the price to consumers.?*This is precisely
what happened in Somaliland. This strategy clearly did not work, as customers simply cannot afford
the high prices.

Latest figures indicate that the initial high prices are dropping from in excess of US $1/kWh to less
than 60 cents. The only other option left to the generators to improve profits is to cut the cost of the
infrastructure. The direct disastrous effects of this on the distribution network are clearly evident (no
standards, ‘spaghetti’ wiring, overloaded wires, brown outs, volt drop, sub-standard equipment, fierce
competition between private generators).

In the context of the private generators having to operate in this harsh environment, the last item on
their agenda is methods and standards. The financial losses resulting from having no methods and
standards are huge.

An even worse financial outlook faces the companies in years to come. As the economy of Somaliland
continues developing, the consumption will increase, and the sub-standard infrastructure installed in

previous years will become overloaded, fail, and have to be replaced.

A grid as a means of achieving self-requlation, and compliance with minimum acceptable methods and

standards

Any grid no matter how small or large, is inherently self-regulatory. It is not tolerant of current, voltage
or frequency violations. If any of these criteria are violated, the load or generator is simply
disconnected from the grid in order for the grid to function optimally. These technical constraints force
technical compliance by members, if they wish to stay connected to the grid. This in turn forces all
grid operators (generators and consumers), to accept and maintain minimum acceptable methods and
standards, if they wish to remain connected.

128 Fnergy Sector Needs Assessment and Action/Investment Programme Draft Final Report: June 2015

Federal Government of Somaliland and African Development Bank

129The rate of 510 month (more or less a traditional price by now) for a 50 watt bulb (in use, say, 6 hours a day) is equivalent
to more than USS 1/kWh. For comparison, tariffs in other similar countries were: 10-12 us cents/kWh in Burundi, 50-55 us
cents in Liberia (Monrovia), 18 us cents in Kenya, and about 40 us cents/kWh in Uganda.24
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Example: A generator operating autonomously does not care if his generator voltage drops to 150V
under heavy load. He is not affected by the consumer’s volt drop problems, and losses. If however his
plant is connected to a grid, his paying consumers would be disconnected from the grid automatically
when the voltage falls below 5%. This would force him to purchase a larger generator to adequately
match the demand. It also forces him to implement demand management.

Protective devices as a means of achieving self-requlation, and compliance with minimum acceptable

methods and standards

Resellers of electricity having a LV networks see no reason or benefit for using protective devices
under the current conditions. As a result of cost cutting, ‘spaghetti’ wiring, direct connections without
circuit breakers, overloaded conductors, and low voltage, are the order of the day. Resellers do not
care about the consumer’s voltage problems, neither do they understand the benefits provided by
protective grading.

Example: If, however, the reseller were connected to a grid, he would have his entire network
summarily disconnected from the grid if a fault or overload condition occurs (instead of only a small
section of affected line). The associated loss of income forces him to recognise the need to start using
protective devices in order to sectionalise faults and manage load.

Renewables as a means of achieving self-requlation, and compliance with minimum acceptable

methods and standards

A modern grid-tie inverter has a fixed unity power factor, which means its output voltage and current
are perfectly lined up, and its phase angle is within 1 degree of the AC power grid. The inverter has a
pre-set on-board computer which senses the current AC grid waveform, and outputs a voltage to
correspond with the grid. Grid-tie inverters are also designed to quickly disconnect from the grid if the
utility grid goes down. This is an international safety requirement that ensures that in the event of a
blackout, the grid tie inverter will shut down to prevent the energy it transfers from harming any line
workers. Grid-tied inverters dislike even minor voltage or frequency disturbance. This results in
automatic disconnection of the inverter from the grid.

The intentions of renewable solar or wind generation (without expensive batteries), will not be
achievable if the grid voltage waveform and frequency are unstable, as the inverter will be
disconnected from the grid most of the time.

This therefore forces the grid members to ensure that their grid frequency, waveform, and voltage (all
set by, by the primary generating diesel generating plant) meet international standards in order to

optimally import power from renewables.

The Cost Premium for Badly Designed Overhead Lines
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The cost of an overhead line is directly proportional to the structural loading of the structures. The
placement of structures and the ground elevation profile determine the optimum positioning of
structures. In theory, a perfectly designed line will have all structures loaded to 100% of capacity (in
the real world 80-95% is achieved for a well-designed line).

A badly designed line is one that has been “designed” without determining the structural loading of
each structure. It will (based on a simple statistical rule of 50/50) have 50% of the structures
overloaded and 50% under-utilised. The cost premium for a “no-design” line is at best 65% more
expensive when taking into account the wasted material for under-utilised structures, and the rework
related to overloaded structures which have to be replaced later.

In the context of Somaliland, it can be said with certainty that most lines are costing at least 65% more
than they should, purely as a result of “no-design”. This expensive reality, should prompt developers

to realise the need for proper design rules relating to the correct placement of structures.

The Cost Premium for Using the Incorrect Technology for Overhead Lines

In developing countries, the incorrect selection of wood, steel, or concrete for overhead lines, can
result in significantly inflated costs. Developed countries often take for granted the availability of
materials, and the state of roads and transport.

Example: The use of spun-concrete poles, becomes a very expensive exercise if there is not a
manufacturer near to the proposed installation. The transport and import costs become excessive,
and there are often breakages, due to transporting poles over across bad terrain.

Localised distribution line design technologies need to be developed. An example would be from
South Africa, which is one of the few countries that applies all three technologies (wood, steel,

concrete) to their most suitable application, based on terrain, cost and availability.*°

Localised distribution line design technologies and standards can easily be developed in parallel with
pilot projects, while remaining within the electrical constraints of IEC. A set of pre-defined set/s of
structure family types with a simple set of design usage rules could be implemented for use in possible
future HV lines.

The Cost Premium for Using Incorrect MV voltage

The development of insulator technology, line hardware, and cables, and IEC clearances, means that
MV overhead line structures can now be standardised for all medium voltages up to 33kV. An example
of this would be in Malawi, where the entire MV grid is being rebuilt at 33kV.

130 Eskom provides a Technology Web site which allows secure access to equipment Design and Manufacturing specifications,
http://www.eskom.co.za/Whatweredoing/Pages/Technical_Specifications_And_Standards.aspx
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Fortunately, Somaliland has very few 15kV lines and only one 33 kV line. These 15 kV lines are a relic
from the pre-war days, and should not be further extended

Synopsis and Proposed scope for Distribution

There have been many need assessment reports published, all referencing the same problems, but no
tangible action has been implemented. This delay has resulted in private generators taking the
initiative into their own hands, and the situation of maverick private generation is worsening the
situation day by day. There is no technical or regulatory reason why Somaliland should not be able to
immediately start implementing distribution design standards, provided that they all fall within the
constraints of IEC. The main obstacle to implementation is “buy-in” from the private sector and local
authorities.

Recommendations

Selection of Medium voltage System

The merits of 33kV and 20/22kV were evaluated based on geographic layout, load densities, and using
240mm 2 ACSR conductor. (largest size conductor that can be used).

For the high load density 36 consumers / hectare, and streets typically 3-5m wide, 33kV structures are
not feasible, or constructible, as twin pole H structures would be required, which would encroach onto
the road, and / or encroach into private properties. Therefore, 20kV is recommended for these load
areas, where most of the 20/22kV structures would be single pole type.

For lower load densities and wider roads, and in rural areas, 33kV lines could be used, however the
merits of standardisation for operational purposes, also need to be considered. Therefore 20/22kV in
all areas may be a more feasible option for the sake of standardisation of structures, and
interchangeability of pole mounted transformers and compact stations.

Technical Assistance

This note suggests that there are two areas where assistance could be provided to the power sector
by lending agencies:

e the proposal of a pilot project to illustrate the need for geographic information systems; and

e the development of national standards.

Data Management Systems

The Government could approach a selected Energy Supply Provider to offer to convert its paper-based
record system to electronic systems. The terms of reference for such a system would include:
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e Review of readily available systems;

e Prepare a ‘white paper’ (i.e. a short high-level report) on the advantages and disadvantages
to the Somaliland ESP of each such system. For the purposes of this project the objective
would be to set up a rudimentary but functional GIS/Mapping database system?*! to be run in
parallel with any pilot project, and to provide much needed local training;*32

o After agreement with the ESP and the funding agency, purchase for the ESP the selected
software package;

o Install the selected system in the main office of the ESP;

e Train a team of personnel within the ESP to enter the paper-based data into the system;

e Jointly with the ESP, prepare a user’s manual for the system as applicable to the ESP;

e Assist the ESP with the use of the system on a jointly selected (consultant — ESP) pilot project;

e Prepare a report for the funding agency on the benefits observed of the newly-installed data
management system;

e The level of effort required for this mandate would depend upon the size and complexity of
the ESP selected.

Development of national standards

As mentioned above, there are national standards and grid codes in place for neighbouring countries.
National standards should be prepared for Somaliland that would be consistent with those
documents. The terms of reference for such a system would include:

e Obtain and review electric power network standards from Ethiopia;

e Select one of these sets of documents to act as a starting point for the development of
national standards;

e Propose a draft set of documents for Somaliland with the intention that the document would
permit the implementation of sub-transmission and, eventually, transmission systems that
would be compatible with the neighbouring countries;

e Revise the draft taking into account comments received and send copies to the government.

131 A good inexpensive mapping software such as Global Mapper®™ or equivalent is recommended.
132 pgst experience in Afghanistan shows that three young local engineers, can after 18-24 months of expat training can take
ownership of electrification projects of in excess of 20,000 connections.
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Annex 5: Energy Situation in Somaliland

Introduction

As part of producing this Somaliland Power Master Plan, an assessment of the potential energy
resources for producing and supplying electrical and heat energy was crucial. This is to assist the
energy authorities, energy infrastructure investors and sector stakeholders in establishing modern,
cost effective and reliable electricity systems for a 20-year horizon, which is key for national and
regional development.

An assessment of natural energy resources fills gaps for the energy authorities and stakeholders, such
that they can better develop and implement strategies along with building technological and
institutional capability. In addition, this provides a basis for supporting integration and development
within the energy and interconnected sectors, along with, enabling the inclusion of support from
donors and Public Private Partnerships into these processes.

The resources currently mobilised for energy consumption fall into two prime categories. One
category is energy resources intended for the generation of electricity and its subsequent utilisation
and the other category is for the generation of heat:

e current primary sources for providing heat are sunlight, biomass, bottled kerosene,
compressed LP gas and electricity;

e primary sources for providing electricity are currently high-speed diesel generation sets
(HSDGs) with limited use of grid-tied solar photovoltaic (PV) and very limited use of grid-tied
asynchronous wind power turbines; and

e there is also a quite significant interest to and utilisation of Pico PV and Small Home Solar
(SHS) PV electricity systems for residential lighting in both urban and remote areas.

Furthermore, the addition of sizeable grid-tied solar PV generation to the HSDG based systems of
some of the various electricity service provider’'s (ESPs) electricity generation and distribution
networks has resulted in some synchronised hybrid diesel-solar PV electricity generation systems
across Somaliland.

Assessment of Current Resources
The current energy resources being used in Somaliland can be classed into three groups. Two are

chemical energy stored fuels — biomass based energy resources and fossil fuel energy resources. The
third is renewable energy resources.
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The most significant energy resource currently used Somaliland is biomass — use of wood and charcoal
to provide both heat for food and export revenues. Table 52 provides some quick facts on the use of
biomass and fossil fuels for heating and lighting.

Table 52. Quick facts on biomass and fossil fuel direct use for heating and light

Cooking/ Heating Lighting
Energy Source
SSMP* SSMP
Charcoal National BM
Urban resident BM USS$1.06/month cap
Commercial BM USS$2.84/month empl
Institution BM USS$3.64/month empl
Kerosene FF
Urban resident BM US$2.35/ month cap
Commercial BM US$10.37/ month empl
Urban households of 6 people expend on average US$20.46/month on Charcoal and Kerosene

* SSMP — Somaliland Survey PMP 2017
Source: SSMP

Wood & Charcoal

Both wood and charcoal are used primarily for heating. They are also a source of significant revenue
for numerous commercial activities. Unfortunately, while trees are renewable resources, the current
practices of wood and charcoal exploitation is almost 100% dominated by extractive practices carried
out on slow growth primary forests that are not being replanted. This process has caused both
profound deforestation and environmental degradation across many areas.

Significant quantities of wood are converted/manufactured into charcoal. This is then transported
across the country to both urban centres and ports for export.

Charcoal is manufactured by slow pyrolysis of wood, through either traditional kiln technologies, or
modern retorting technologies. The traditional kiln technologies are known to be inefficient with
manufactured charcoal fuel losses in excess of 50%, while modern retorting technologies are markedly
more efficient, with manufactured charcoal fuel attaining yields of 90%.

Box.

It is estimated that approximately 80% of the manufactured charcoal is
exported to the Middle-East Gulf Areas for cooking practices in those
countries.
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Figure 53. Comparison of traditional vs modern technology losses

Traditional Technologies losses vs Modern Technologies
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Source: Unicon

The advantages of charcoal over wood are numerous:

e |ow smoke and odours;

e stable heat source without flames and burns at a higher temperature;

e charcoal produces almost twice the heat produced by dry wood;

e charcoal is 60% of the volume and % the weight of dry wood;

e charcoal resists humidity and is easier to store and transport than wood; and

e it is a value adding activity that provides employment and revenues for those involved in its
manufacture and distribution.

The scope and size of the wood and charcoal industry is both broad and large, with key stakeholders,
including transport companies, urban and rural communities, local venders, climate refugees,
marginalised pastoralists, other marginalised communities.

It has direct impacts in the residential, commercial, manufacturing, institutional and even political
sectors. Notwithstanding the harsh impact it has had on the ecology and environment of Somaliland,
it is a key priority in the lives of the majority of citizens of Somaliland.

Barriers to change in the use of wood and charcoal within the energy economy of biomass are a
combination of a lack of integrated sociological, employment, economic and climate-ecologic and
technical solutions.

Fossil Fuel

The fossil fuels used in Somaliland include diesel, gasoline, kerosene, aviation fuels and small
guantities of natural gas. These are used for diverse energy related activities:
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o kerosene is largely used for both heating and lighting;

e natural gas, as either compressed gas or liquefied gas, is used for cooking and some
commercial purposes;

e the scope of gasoline is primarily in the transport sector powering small and medium motor
vehicles. Gasoline is also the primary fuel used in powering small household electricity
generators, and for mini captive generation and minor isolated communities;

e aviation fuel is specifically used for the airline industry that serves the major urban centres
such as Berbera and Hargeysa.

Diesel is the predominant fossil fuel. This fossil fuel is a significant imported product, and powers
nearly all the large machines. It extensively powers large transport vehicles, such as trucks hauling and
delivering materials, including that of diesel, gasoline, kerosene, natural gas bottles and even charcoal.
Diesel also fuels all the High Speed Diesel electricity Generators (HSDGs). Furthermore, this is the
primary fuel powering the national and domestic fishing fleets.

Consequently, the scope and size of the diesel fuel use industry is also broad and large with key
stakeholders including transport companies, urban/rural/agricultural communities, fuel storage and
port authorities, and local venders. Additionally, it is essential to the electricity generating companies.

It is a key element to the stability and economic survival of Somaliland as it directly impacts the
residential, commercial, manufacturing, institutional and even political sectors, through both
electricity generation and the transport of essential goods for trade and commerce.

Amongst the key players in the delivery and transport of fossil fuels are the ports of Berbera, where
there are notable fuel storage and distribution facilities. Thereafter all these fossil fuels are distributed
nationally via diverse local agents and vendors. The delivery of fossil fuels is prioritised to major urban

centres.

Barriers to further use of fossil fuel for electricity generation, notably diesel, include, at least, the
following:

e Economic and ecologic cost of liquid fossil fuels are expected to rise globally;
e Poor quality roads for fuel deliveries and transport;

o Inefficient use of existing diesel generation leading to “wet stacking”.

Box.

Fossil fuel deliveries to remote or isolated locations are hindered by the
quality and distance of the roads reaching these locations and
consequently result in higher costs for fuel deliveries.
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Renewables

The use of renewable energy resources is largely dictated by the availability of certain specific
renewable resources and their hybridisation with other energy sources to create a reliable supply.
These are (i) solar irradiation, (ii) elevated and relatively continuous wind speeds, and (iii) specific
geographic locations demonstrating meaningful steep changes in vertical elevation.

The predominantly used renewable resource used is solar PV with a small amount of wind power. The
solar PV is being used primarily by some urban ESPs for diesel fuel replacement during daytime
electricity generation, along with reductions in carbon and pollution emissions.

The scope for solar PV for urban electricity generation via grid tied (synchronised) hybrid electricity
generation paralleling the existing HSDG electricity generation, is being expanded by some urban ESPs.

While the size of each current urban solar PV generation site is significant, it is still early in the solar
PV process of implementation and the impact on overall generation is small. Current key players and
stakeholders, include the ESPs, the ESRES project (financed by the UK’s Department for International
Development), the Ministry of Energy and Minerals and an international EPC firm (EPS) that has
partnered with two ESPs to construct hybrid electricity generation facilities in Laascaanood.

Solar PV offers a key element in reducing significant ongoing expenses for fossil fuels, while stimulating
the productive use of electricity during daylight hours. Its primary impact is on commercial,
manufacturing, institutional and even political sectors, through both cheap and ecologic electricity
generation during business, institutional and manufacturing hours. As grid-tied generation, it currently
offers basic electricity generation in support of well-designed and operated hybrid electricity
generation.

Solar PV application in remote locations offers independence from poor transport routes and
significant benefits for supporting agricultural, pastoral and remote communities in water resource
management, enhancing food production, employment and quality of life. Some sites sponsored by
the ESRES project also use Li-ion battery storage to stabilise electricity generation from the solar PV
system.

Barriers to further use of renewables are (i) the lack of technical capability for implementing wind
power, and (ii) integrating renewables and thermal generation for efficient hybrid electricity
generation. The capital cost for renewable generation is projected to continue to drop between 15%
and 35% during the next 7 years, and once properly commissioned —they have low operating expenses
compared to fossil-fuelled HSDG thermal generation.

Proper, large and widespread implementation of renewables based hybrid generation is one of the

long-term key elements to reliable, robust electricity generation, economic development,
environmental remediation and climate resilience for Somaliland.
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Figure 54. Solar resources map
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Figure 55. Wind resources map
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Institutional Framework for Developing Energy Resources

Technologies

The technologies currently available in the commercial marketplace for developing the energy
resources of Somaliland are primarily based on using fossil fuel thermal generation, solar PV, wind
turbines, traditional hydroelectricity and waste energy generation. The future of electricity generation
and energy utilisation Somaliland will greatly benefit from the philosophies and union of hybrid
electricity generation and energy utilisation.
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This means that these technologies and their implementation should be coordinated with applications
that are also beneficial to other key sectors necessary for socio-economic development. These include
the water resources sector, agricultural sector, employment sector, waste treatment sector, regional
and national security, transport sector, education sector, physical infrastructure sector,
entrepreneurial and commercial sectors.

Barriers

Barriers to implementing the projects reside in financial support, wherein two main modalities are
available. One is investments for commercial sector oriented projects, based on sound business
practices and partnership creation within local and international actors and investors. The alternative
is aid programmes, which offer support for investment practices that optimise results for successful
operational infrastructure.

The lack of quality road transport infrastructure for the distribution of fossil fuels for electricity
generation is problematic and ongoing. Furthermore, climate change is causing a major burden on the
region’s population and their environment, which is aggravated by the population’s predisposition for
traditional agricultural and extractive practices.

Opportunities

Opportunities for developing energy resources are best framed as encouraging the interests of
investors and creating effective reciprocal partnerships between national and international firms to
develop the necessary human and technical infrastructure to implement, operate and maintain the
electricity infrastructure.

These can also create effective mechanisms of technical and economic reciprocity between areas in
the country and with neighbouring countries, and also with foreign investment agents.
Aid/development agencies should be encouraging the creation of real reciprocity in commercial,
financial and technical activities.

Bottlenecks

Bottlenecks to the effective development of energy resources include the current lack of physical
infrastructure that facilitates and supports the implementation and maintenance of distributed and
decentralised electricity generation. The current lack of technical capability also limits the current and
future operation and maintenance of decentralised distributed hybrid electricity generation and
energy utilisation.

There must be effective mechanisms for creating and ensuring that explicit planning and

implementation of projects occurs with proper tracking and linkages to other projects for validation
and collaboration. The current issues of political recognition and financial clarity and openness must
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be addressed in creating the needed partnerships that create the necessary electrical infrastructure
and generation.

There is also a lack of clear regulations and standards for the electricity sector, which makes it very
difficult to create the crucial financial investments and partnerships required for the expansion of
electrical generation because the liabilities are unknown and discouraging.

Sectorial End-use Energy Consumption Classification

In determining the scope and size of energy and electricity resources used, a field survey was
conducted in Somaliland. Examination of this limited data set provided useful information concerning
the utilisation of electricity, wood, charcoal and kerosene.

Consumption Classes

Assessment of field data collected for energy consumption was divided up into classes. These classes
were identified via five user types:

e Household-Residential;
e Small businesses;

e Restaurant-Hotel;

e large Businesses; and

e Institutions.

The key class for identifying general population energy and electricity use is Household-Residential. It
was also observed that large businesses tend towards using their own captive generation and only use
the ESPs for limited services. The class of large captive generation is a special class, which, due to
insufficient data, is not able to provide very much information for analysis and calculations.

Moreover, data for small business and restaurants/hotels was combined to a general business sector
class for ease of use. The class of Institutions covered government entities, hospitals, and education
facilities. The data was also analysed for different sized urban centres: medium towns (20-30k
persons) and cities (over 100k persons).

Analysis was made for electricity utilisation by households, businesses, institutions, as well as, for
medium towns, small cities and large cities. Additionally, an analysis was made for electricity rates for
medium towns, small and large cities. Information concerning charcoal and kerosene was collected in
and analysed for expenses made by household-residential, restaurant-hotel and institutions.

Energy Resources Available for Future Power Supply

Hybrid Electricity Generation
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A growing global trend, within electricity generation and delivery is the utilisation of hybrid electricity
generation resources. This modality derives from combinations of fossil or biomass fuelled thermal
electricity generation and renewable energy electricity generation. The blending of the strengths and
vulnerabilities of the different sources of electricity generation along with advances in integrating
isolated electricity generation has resulted in reliable, resilient, cleaner and more responsive
electricity power networks.

Additionally, this trend is being further advanced and benefiting from a category of technologies
referred to as ‘smart grids’. Strategies for implementing smart grids are applicable to either isolated
small urban island distribution networks, or as part of large urban island distribution networks, or
multi urban distribution and transmission networks sharing electricity generation across a region.

These new technologies for hybrid electricity generation and delivery include Black Start and Rapid
Peak response electricity generation (high-speed responses of 3-4 millisecond) using renewables
based UPS (Uninterrupted Power Supply) systems. These systems are designed to support whole
electricity networks that are relying on distributed sources of electricity generation.

As a result of legacy thermal and hydroelectric based electricity generation in many developed
economies, electricity generation has become a blend of centralised electricity generation and
distributed electricity generation.

The future electricity generation for Somaliland should follow a sequence of evolving electricity
generation and delivery integration and complexity to fully capitalise on hybrid electricity generation.
The initial stages must involve (i) the creation of effective and efficient urban electricity generation,
and (ii) island distribution networks for each of the urban centres.

These hybrid resources must then utilise both increasingly intelligent and automated management of
electricity generation and distribution; combined with radial and ring distribution networks. These
steps will lead to creating the economic conditions for connecting multiple and distal urban centres
via transmission lines, which will in turn, provide a regional electricity transmission bus.

Such steps of competent local electricity generation and distribution will enable sound economic
arguments for reciprocal electricity exchanges, such as, via electricity exports and imports, with the
neighbouring countries of Ethiopia and Djibouti.

Renewable Energy Resources
The combination of exacting and sophisticated electricity consumers supplemented by global trends
in electricity generation is increasing the role of renewable energy sources in generating electricity.

Renewable energy sources for electricity generation are already recognised as very important in
providing reliable electricity (albeit expensive) for remote and isolated areas.
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It is also becoming more and more pertinent to electricity generation for large electricity networks
and contributing significant power to large urban and industrial centres, as well as, for national and
regional electricity networks.

The key renewable resources to exploit in Somaliland are primarily solar PV, wind and energy storage.
Energy storage will be more extensively covered in the section on generation, because it pertains to
hybridising with other forms of electricity generation, rather than as generation in isolation.

This is further driven by the economic fact that capital costs for wind generation and solar PV
generation have been continuing to drop in past years and are predicted to further drop some 15 to
35% during the next five to seven years.

The focus here is on applications of solar PV energy and wind energy for future electricity generation.
Other potential renewable energy sources that may be worth considering in the future, but to date
have not been properly identified within the region include; geothermal, tidal, wave and solar thermal.
Anecdotal evidence is reported, concerning geothermal but the current good potentials are only
known to exist in Ethiopia and Djibouti.

Another potential source is tidal energy, which is based on tidal variances along the coastline of
Somaliland. In this area, tidal variances are only 1.8-3.0 meters, which is not very high with respect to
regions of the world where tidal energy is considered sufficient to capitalise upon: > 5.0m.

In order to capitalise upon a 2-3 m variance, a significant sea water impoundment using geographical
locations would need to be identified and further explored. Wave powered electricity generation is
currently an area of ongoing research globally and is not relevant to the current context.

Solar Energy

The solar energy resources for electricity generation are demarked by solar energy maps, see the
Figure 56 below, which show that especially in the areas of Somaliland there is excellent solar
irradiation available for solar PV electricity generation. In addition to the solar irradiation, it is also
crucial to know the sun path and what is the area of land required for solar PV electricity parks.
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Figure 56. Somaliland solar irradiation map
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In Somaliland, solar panels should be generally placed at around a 10 (8-12) degrees angle inclined to
the south. Too shallow a panel angle makes array cleaning and maintenance difficult.

The surface footprint required for commercial silicon-based solar panels giving 1 kWp of solar PV
electricity generation using current solar PV panels of 14-17% efficiency is 8-8.5m?. In Somaliland it
would be 8,5m?, due to using slightly steeper panel inclinations. In effect, this is due to the shadow
thrown by a panel array.

Consequently, a 1 MWp solar PV park, with 1,000x1kWp, would require 8,000 to 8,500m? of land,
which is a square 90m x 90 m in area — less than a hectare. A 100MWp solar park would require 80-85

hectares, or 0.9km x 0.9km.

Table 53. Somaliland typical solar park footprint area

Somaliland 92.2 0.85 1

Note: Silicon solar PV panels: Efficiency 14-17%,; Inclined at 10” South
Source: Solar shadow calculation with 0.35-0.4m spacing for
inclined panels of 4 x 250Wp PV panels (dimensions 1.66m x 1m)

Wind Energy

The wind energy resources for electricity generation are demarked by wind energy maps, posted
below, which show that especially across Somaliland there are excellent wind speeds available for
wind turbine electricity generation. In addition to the wind speed, it is also crucial to know what is the
area of land required for wind farms.
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Table 54. Somaliland typical wind farm footprint area

275 kW 30.0 5 150.0 1.77 7.0 210.0 3.46

1.5 MW 70.5 5 3525 9.76 7.0 493.5 19.13

Source: Wind Power Project Site Identification and Land Requirements,
Global Energy Concepts and AWS Truewind, LLC

Figure 57. Somaliland wind map
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The surface footprint required for commercial wind power is given by a spacing of 3-10 rotor
diameters, with 7 being the most common recommended spacing. A 30m rotor typically used for
275kW electricity generation requires about 3.5 hectares of land that can be used for concurrent
agriculture and pastoral activities also. A 1.5MW wind turbine with 70.5 m rotors requires 19.5
hectares. This spacing is to prevent wind turbines from being in a wind shadow from another turbine.

Conclusion

It is evident that both solar and wind resources have significant potential for electricity generation in
Somaliland. While there are technical challenges to establishing distributed electric generation using
solar and wind power and their integration into the electricity supply of urban centres, this has
become much easier in recent years, with significant automation and the adoption of smart network
management as part of electricity generation.

A significant benefit of using multiple renewable energy sources is that electricity generation is derived
from diverse sources and can be situated in a distributed manner around and even between urban
centres, if there is a transmission line. This contrasts with centralised thermal generation sites,
requiring specific nodes for fuel delivery.

Renewable generation can also be placed closer to key demand areas within a distribution network to
assure active and reactive power requirements. Consequently, if needed they can be modified more
easily, based on changing load demands. Moreover, their modular nature permits very easy upgrades
as well as maintenance and repair.

The integration of network UPS systems into renewable energy generation permits dual benefits:

e having both rapid Black Start and Peak response to network problems; and

e provision of Prime generation support for floating generation.

Concentrated solar thermal is currently an evolving technology, but it may have excellent potential in
Somaliland.

Waste and Fossil Fuels Resources

Based on data collected by the field surveys, Somaliland consumes diesel fuel in excess of 36,000
litres/day. Much of this is occurring in suboptimal and wasteful conditions of wet stacking. With future
upgrades to current generation capacity, major improvements in performance of electricity demands.
It is expected that the daily consumption of diesel fuel for electricity generation will increase
significantly. This process of development will require significant expenses by the ESPs and their

consumers.
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Figure 58. Consumption of diesel (liters/day) in Somaliland — Currently reported consumption and
expected consumption after upgrade of generation capacity
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Clearly, hydrocarbon fuels are essential to electricity generation. Consequently, any other sources for
such fuels, apart from imports, should be considered very valuable. An alternate source for much
needed hydrocarbon fuels, necessary for electricity generation can be the waste energy processing of
major urban dump sites of solid wastes.

The pyrolysis of urban dumpsite solid waste and urban sludge from wastewater treatment produces
fuel that can be used to power gas turbines, and fuel oil powered HSDG and MSD (medium speed
diesels) electricity generation. This processing will reduce fossil fuel imports and is also carbon
negative, as well as producing a biochar for agriculture and market garden soil enhancements.

Fossil Fuels

Domestic sources of fossil fuels do not currently exist, but there is a long history of oil and gas
exploration in the region. In recent years, upsurges in exploration for gas and oil reservoirs in
perspective hydrocarbon basins, associated with the East African coastal basins, have been
productive.

s
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Annex 6: On-grid / Off-grid Issues

Criterion for Grids, Mini-Grids, Off-grid and On-grid
The National Grid

Electricity grids are physical networks interconnecting all the electrical energy between the source
generators and the user loads. This grid is classified as the network connecting the electrical
infrastructure of a country. Consequently, it can be a national grid.

Currently in Somaliland there is no physical national grid. Electrical energy delivery to users in the
country comprises a network of isolated distribution grids comprising of island networks with isolated
generation providers.

These island networks are anchored to specific urban centres with dedicated Electricity Supply
Providers (ESPs). The ESPs are private enterprises, each of which are vertically integrated autonomous
parallel electricity providers. Each ESP owns and operates their complete generation-distribution-
customer and revenue chain using a radial distribution island network. Generation is primarily, if not
100%, by high-speed diesel fuel powered generators (>1,000 rpm).

An island network is defined as an electrical energy network capable of and actually operating
independently of another electrical energy network and grid. Within the cities and larger urban
centres of Somaliland, there are often multiple ESPs operating. In the smaller urban centres, there is

usually only one ESP, if at all, or an ensemble of small independent “entrepreneurial” electricity
providers (IEP). These small IEPs have been created by expanding from their own captive generation,

and are the model by which most, if not all, current ESPs began.

All of the ESPs operate independently and as a consequence, there is significant duplication of

133 maintenance and human capability infrastructure. This

generation, distribution, technical,
duplication severely limits the scaling up of electricity generation and even more, hampers delivery
and servicing for larger customer loads. Duplication is especially acute for ESPs within the cities having
multiple ESPs. These include Hargeysa (6xESP), Burao (2xESP), Laascaanood (2xESP), Boorama

(2xESP).13¢

Another unfortunate consequence of these multiple entrepreneurial vertically integrated ESPs has
been that there are significant electrical losses, reportedly up to 50%, within the urban island radial
distribution networks. Moreover, there are no regulations or standards for electrical wiring done
within the customer premises. A direct consequence of these lacks is that it is reported that some 60%
of fires in urban communities are caused by electrical wiring faults.

133 Includes monitoring-measurement, evaluation, tracking, training, planning.
134 It is likely that the same situation of multiple ESPs applies in several of the other non surveyed urban centres.
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Currently, no ESPs share distribution networks, and these combined ESP electricity delivery limitations
within the urban parallel island networks, have resulted in large load customers (LLC) opting for:

e utilising two different ESPs, in effect multiple networks supplying one customer; or

e creating their own on site, captive generation stand-alone “mini-grids”.

One recent market adjustment to these duplication limitations has resulted in the consolidation of
smaller ESPs and IEPs into larger ESP firms. The attendant pooling of these firms’ technical and human
capability infrastructure, has apparently benefited these consolidated firm’s financial and technical
bottom lines, but the degree is unknown.

Another consequence of these combinations of duplication and electrical energy losses is that
electricity prices are generally high. Based on field data collected in 2017, in Somaliland, the cost per
kWh of electricity ranges from US $0.30 to 0.90 per kWh, with a weighted average of US $0.68 per
kWh across all load users/consumers.

Mini-grids, Distribution and Transmission Grids

Discussions with both central and regional governments, the World Bank and donors have all indicated
that in general they consider “mini-grids” as the relevant avenue for development in Somaliland.
Unfortunately, the term “mini-grid” has become a broader and broader term used to cover different
types of electricity networks that includes significant differences in key network components and
utilisation.

Originally, “mini-grid” was a term used for a small local electrical grid with a single generation site,
which generated electrical power for a short radial bus distribution network at low voltage (LV), to the
load sites. This low voltage generation and delivery was either as single or as three phase, without any
step-up or step-down transformers being used in the network. This application was for local isolated
low voltage sites, where either a regional or national electrical power grid was not available or not
desired.

Box.

Examples of “mini-grids” are electricity networks locally provided for an
isolated community, a manufacturing facility needing to operate
independently of a larger electricity grid and for temporary local
electricity power generation in a limited area (e.g. emergencies). Many
captive generation scenarios involve electrically powered mini-grids.

“Mini-grids” may also include auxiliary generation along the main distribution bus, usually longitudinal
or radial wherein all electricity generation is synchronised to the AC bus at the level of voltage,
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frequency and phase. The key feature of “mini-grids” is they have no AC step-up or step-down
transformers, and are consequently constrained to short distances/service areas, by the voltage losses
produced by conductor resistance and high conductor costs.

For the terms of this Power Master Plan, the original “mini-grid” classification is used, i.e. no AC step-
up or step-down transformers being used in the network, with direct low voltage AC feeders from
generation to loads.

The arrogation of clear, precise technical terms for electricity delivery, by non-technical professionals,
such as by management consultants, for application to a broad and imprecise class of electricity
generation and delivery does not create clear simple understanding. Instead, it creates orotund,
obtuse and bewildering definitions for systems. This practice is unhelpful for what obviously requires
clear if not always so succinct descriptions.

Off-grid and On-grid

In providing a clear definition for Off-grid and On-grid, the key word is Grid, as already discussed
above. Across Somaliland, there are distinct and unique features defined by both socio-economic
activities and geographic localities. These determine the kinds of useable electrification delivery. An
important proportion of Somaliland populations are identified as rural, which encompasses a level of
diversity that produces an electrification context that is quite complex.

For many of rural communities and particularly very rural area populations, these communities are
very mobile pastoralists. These populations subsist as livestock herders, constantly seeking new fresh
pastures and water for their livelihoods. Consequently, they do not have a fixed location for electrical
energy to be delivered and used by them. In fact, they operate in a constant state of flux, adapting to
the local climate, and at best currently have access to telephone communications and types of Pico
solar devices.

For the aforementioned mobile rural communities, the only current economic and technical electricity
solution is a combination of small mobile/portable electricity delivery systems, usually based on solar
PV with rechargeable battery storage — in effect Pico solar and SHS plus the use of solar PV powered
borehole pumped water supplies at water sources.

Clearly, these mobile rural communities are not connected to any electricity grid and are remote and
Off-grid. On the other hand, the communities within the large urban centres like Hargeysa, Burao,
Erigavo and others, are stationary and obtain electricity from an existing electrical energy network —
a grid — and are therefore On-grid.

Based on discussions with key electricity stakeholders including the Ministry of Energy, Off-grid is the

electrification of a single end point user (whether residence, commercial or industrial establishment),
from an independent electrical energy source or sources. In effect, Off-grid is dispersed small or large-
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scale captive generation. Consequently, a stand-alone single solar water pump providing water at a
location with no other loads is Off-grid.

Off-grid in the context of Somaliland covers the electrification of a single user (whether residence,
commercial or industrial establishment). Because of the rapid drop in costs for modular electricity
captive self-generation technologies, globally, are driving strong potentials and likelihoods for
significant future implementations of Off-grid applications such as for residential generation,
commercial generation, “mini-grids” and Off-grid systems, for both urban and rural levels, which will
most likely start in the near, and certainly within the medium and further futures for many parts of
Somaliland.

Urban Electricity Networks

As mentioned previously, the large majority of electricity currently provided and used in Somaliland is
produced and delivered by independent vertically integrated ESPs, who own and control their whole
generation and distribution network. All operate at nominally 50 Hz and 400/230 V.

Most ESPs are unique to particular urban centres, yet some ESP have operations established in several
urban centres, notably SOMPOWER and TELESOM.

Major Urban Centres

All the ESPs distribute electricity to their customers via LV feeders. In some cases, there are
distribution lines utilising 11kV, 15V, 16kV and small amounts of 33kV, providing longer distant
distribution distances, which then feed LV feeders. However, many ESPs use a significant amount of
island radial LV distribution. A summary of ESPs and highest level of distribution voltage is tabled

below.
Table 55. Current ESPs in major urban centres within Somaliland
. ti Distributi
Urban Centre Population ESP Generation Synchro LA Surveyed
Type Type
Sompower No No
Telesom No Radial 11KV Yes
NEC No Radial 11KV Yes
Hargeysa 1,500,000 Maansoor
No No
Hotel
Hargeysa
Electric No Radial 11KV Yes
Company
Gafane No No
Burao'® 700,000 BECO HSDG, SPV Yes Yes

135 There are 2 sets of population data provided for Burao
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. G ti Distributi
Urban Centre Population ESP eneration Synchro stribution Surveyed
Type Type
Radial
400,000 BEDER 33KV, 11KV No
Erigavo 250,000 No No
150,000 Telesom HSDG No Radial 11KV Yes
Borama?3®
400,000 ALOOG HSDG, SPV No Radial 11KV Yes
Badan 180,000 Badhan EC HSDG, SPV Yes Radial 11KV No
LESCO HSDG, SPV, Yes Radial 11KV Yes
Laascaanod 130,000 Batt
GURMAD HSDG, SPV Yes Radial 11KV Yes
Berbera 100,000 TAYO HSDG No No

Medium Sized Towns

Source: Unicon

Table 56. Current ESPs surveyed in medium sized towns within Somaliland

Urban Centre | Population ESP L Synchro Distribution Surveyed
Type Type
Gabiley 30,000 SOMPOWER HSDG, SPV NO Radial 11KV YES
TELESOM HSDG NO Radial 11KV YES
Wajaale 20,000
SOMPOWER HSDG NO Radial 11KV YES
Shiekh 20,000 BEDER HSDG, SPV NO Radial 11KV YES
Batt,
Buhodle TELEsom | HSDG, SPV, NO NO
Batt

Small Towns

Source: Unicon

Findings from the modest number of Small Towns sampled, indicated that in these cases electricity

generation is provided by one captive electricity generation source at a time. Even for small hybrid

solar PV + Battery systems, with diesel generators, the modality is predominately one electricity
source being used predominately, while the other is the backup/reserve source of electricity

generation.

136 There are 2 sets of population data provided for Borama

©unicon

266



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

For example, in the case of the small town of Daca-Budhug, the 3kWp solar PV + Battery system is
used as the primary stand-alone electricity source and the diesel generator provides an alternative
electricity source or for backup or charging of the battery system, as needed.

There is currently no synchronisation carried out between the combined elements of small generation
that are found within the small town systems sampled. Much of the electricity generation provided in

small towns is originally captive generation that has been expanded to other paying load users (IEP).

Table 57. Current ESPs or stand-alone generators surveyed in small sized towns within Somaliland

Urban Centre | Population ESP R Synchro Distribution Surveyed
Type Type
Dilla 2,880 Mohammed HSDG NO Radial LV YES
Ali EC
Daca-Budhug 3,000 Liban group | HSDG,SPV, NO Radial LV YES
Batt

Source: Unicon
Network Technical Issues
Wiring Practices

All urban centres and small towns visited revealed that distribution is primarily by overhead wiring,
with varying degrees of order and disorderliness. Wiring within distribution, residential and business
structures is currently carried out in a legal free environment. Although it appears there are some
basic standards being practiced, based on professional and client criteria.

In so much as there are no current national standards, regulations or codes in place, nor are any codes
being presently enforced, all electrical wiring safety and quality and assurance (Q&A) for distribution
and buildings is self-regulated and only evaluated by the installer and customer. Within the vertically
integrated autonomous parallel electricity providers, the ESPs, all electrical wiring safety and Quality
and Assurance (Q&A) for distribution is self-regulated and not independently evaluated.

Losses in the Electricity Distribution Networks

All the ESPs report that they have significant losses within their island distribution networks. Causes
for these losses are both technical and commercial. Reportedly, these electricity distribution losses
are the largest power (instantaneous energy) losses within any of the individual ESP island electricity
networks. These electrical energy losses are within both the primary and secondary distribution lines,

and comprise both technical losses and commercial (non-technical) losses.

©unicon
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While some losses can be easily corrected, others require equipment changes, and some are just
inevitable due to the physics of electricity. Total losses simply reflect the difference between the
generated kWh and the load used and billed kWh. This value is generally referred to as T&D losses
(Transmission and Distribution), and is the electricity amounts not paid for by load users-customers.
Nevertheless, ESP generators must account for these in order to optimise their financial soundness.

Technical losses
Technical power losses occur because of energy dissipated by equipment and conductors within the
distribution line network. The electro-physical characteristics of the network and its mode of

operation determine these losses. Two classes of technical power losses occur:

e Fixed technical losses; and
e Variable technical losses.

Fixed technical losses

These losses are usually present as heat and noise arising from transformer energising. They are not
influenced by load currents, but rather by leakage current losses, open-circuit losses, measurement
and control losses, Corona losses and dielectric losses. These are most often the least easily rectified
losses, and derive from network equipment and fixed elements. Typically, fixed losses comprise 1/4-
1/3 of the total technical losses.

Variable technical losses

These losses are proportional to the square of the load user currents and usually account for a
significant proportion of losses in a distribution system. These variable losses are due to:

e Line impedances;
e Contact resistances; and

e Joule (resistance) heating.

Variable losses usually comprise 2/3-3/4 of technical losses. Causes of variable technical losses

include:

e Inadequate size of conductors in the distribution lines;
e Long distribution lines;

e lLoad imbalance between phases;

e Low power factor coefficient in the network;

e Overloading of lines;

e Transformers distal from load centres;

e Haphazard installation of distribution systems to cope with demands to new areas.
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Also of particular note is the impact of bad workmanship within a distribution network: this

contributes significantly to elevated variable technical losses. Corollary to these are electrical joints,
which are a source of energy losses and must be kept to a minimum by using proper jointing
techniques in securing all connections.

A common example of bad workmanship in distribution wiring is ‘Spaghetti wiring” as shown in Figure
59 below. This is a generic example taken from elsewhere but recognised as one of the challenges
local authorities and their experts face in improving electrical services.

Figure 59. Example of bad workmanship in distribution wiring (Spaghetti Wiring)

Source: General example (engineering.electrical-equipment.org)
Moreover, network operations using a low Load Factor causes losses, due to the higher peak losses.
This can be reduced by levelling daily loads, through the use of “time of use” loading practices, and

thereby raise the network Load Factor.

Commercial losses

Commercial losses, are losses unaccounted for within energy use bills, and they relate to:

o Unmetered supplies;

e Incorrect billing;

e Wrong tariffs;

e Defective electricity meters; and

e Electricity thefts.

In Somaliland, both the ESPs and government officials collectively assert, that load users tamper with
their electricity meters to lower the measured electricity consumption. Moreover, electricity theft and
illegal connections are reported frequently.

An examination of the data collected from the ESPs concerning losses, indicates that there is no
systematic or effective form of monitoring and measuring the actual ESP electricity losses. It can be
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argued that while all the ESPs consider their electricity losses significant, there are no systematic
incentives or attempts being made to better determine and remedy these losses in the current ESP

based marketplace.

The combination of captive urban clientele, limited technical resources and ill-determined technical
and commercial losses is a script for urban load users bearing the brunt of the costs caused by

distribution system and ESP inefficiencies.

Table 58. Loss estimates by ESPs in surveyed urban centres within Somaliland

Urban Centre Population ESP Reported Losses |Distribution Type Surveyed
Small Town Centres
. Mohammed Ali .
Dilla 2,880 EC 40.0% Radial LV YES
Daca-Budhung 3,000 Liban Group X Radial LV YES
Medium Town Centres
Gabiley 30,000 SOMPOWER 19.0% Radial 11KV YES
TELESOM 40.0% Radial 11KV YES
Wajaale 20,000
SOMPOWER 40.0% Radial 11KV YES
Shiekh 20,000 BEDER 30.0% Radial 11KV YES
Buhodle TELESOM X Radial LV NO
Major Urban Centres
SOMPOWER X NO
TELESOM 25.0% Radial 11KV YES
NEC 25.0% Radial 11KV YES
Hargeysa 1,500,000 Maansoor hotel X NO
Hargeysa Electric .
30.0% Radial 11KV YES
Company
Gafane X NO
700,000 Radial 33KV,
HECO 45.0% YES
400,000 11KV

©unicon
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Urban Centre Population ESP Reported Losses |Distribution Type Surveyed
Burao®®’ BEDER X NO
Erigavo 250,000 NO

o .

150,000 TELESOM 40.0% Radial 11KV YES

Borama'*® 400,000
! ALOOG 40.0% Radial 11KV YES
Badan 180,000 Badhan EC X Radial 11KV NO
LESCO 28.0% Radial 11KV YES

Laascaanod 130,000
GURMAD 25.0% Radial 11KV YES
Berbera 100,000 TAYO X NO

Source: Unicon

Quantification and control of losses

During the survey carried out by the Consultant, many of the ESPs could not quantify the level of their
losses let alone characterise them as technical or non-technical. A good metering system throughout
the system is essential to identify the location of losses (i.e. which feeders) are subject to high losses
and the level of those losses.

Once remedial work is carried out to reduce the identified losses, the metering system allows the
improvement to be monitored.

Multiple ESPs Servicing One Client

There is a significant limitation to the amount of electrical energy any one vertically integrated ESP
can deliver when the ESP is not able to provide parallel (synchronised) interdependent generation and
distribution to their user loads. This along with the impact of multiple radial island network duplication
by ESPs constrains the amount of electrical energy any one ESP can deliver to load users, especially
for large electricity users.

Consequently, large firms and institutions having large electricity requirements face several options:

e Contract with 2 or more separate ESPs for parallel electricity delivery by multiple separate
radial feeder lines;

137 There are 2 sets of population data provided for Burao
138 There are 2 sets of population data provided for Borama
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e  Opt for their own captive HSDG electric generation;

e Upgrade by adding captive solar PV grid-tied generation to their stand-alone diesel-electric

based mini-grid systems. This is an Off-grid generation solution;

e |Implement a combination of utilising an ESP for powering certain selected business related

tasks and utilising captive generation for other core business activities.

The purposes for making solar PV grid-tied upgrades are twofold:

e Increase the effectiveness of existing and new diesel generation by reducing fuel consumption

and thereby overall operating costs;

e Increase the total captive generation and capacity during daylight hours, for utilisation by in-

house user load business related activities.

Institutions and firms identified within the field surveys that either use two ESPs or are opting for ESP

with are shown below:

Table 59. Firms using multiple ESPs or with captive generation

Urban Firm or First Supply Second Captive Distributes | Distribution Surveyed
Centre Institution Supply Generation Locally Type
Amaana |sovpOWER| Gafane  |SHDG-25KVA X Radial 11KV YES
School
Dur Dur SHDG-
water | SOMPOWER X 250kVA, 180 X Radial 11KV YES
bottling kVA, 200kVA
Geed HSDG-
Deebleh X X 6x500kVA X X YES
Hargeysa |water Pump
Ministry of X X HSDG- X X YES
Information 300kVA
Ambassador HSDG YES Radial LV NO
Hotel
Moonsoor HSDG YES Radial LV NO
Hotel
Burao HSDG-
Burao Slaughter X X 1200kVA X X YES
House
BEDER X SPV X Radial 11KV YES
Shiekh Fathoot
Hospital
BEDER X HSDG X Radial 11KV YES
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Source: Unicon

Operations and Maintenance Challenges

One observed consequence of the current ESP size limitations combined with their obligation to create
duplicate radial distribution networks is that duplicating ESP firms cannot establish the sufficiently
large technical and financial resources needed to engage in the cost-benefit activities of effective
maintenance programmes in support of the divergent demands of dispersed and focused distribution
as against targeted generation operations.

This is evidenced in numerous ESPs reporting multiple generators in poor condition, or inoperative,
plus their reporting of significant technical and commercial losses in their captive radial distribution

networks.

Consolidation of ESPs and Infrastructure Responsibilities

SOMPOWER, within Somaliland, which has become the largest ESP in Hargeysa, was created from
recent consolidations of multiple smaller ESPs and IEPs. This in principle should have resulted in
increased technical staffing efficiencies and revenues, along with increased potential generating
capacity.

However, it also inherited very disparate island networks and sundry technical faults. Moreover,
coincident to the consolidation, there have been complaints by some clients of unacceptable
reductions in electricity customer services.

Concurrently, a combination of high levels of electricity induced fires in Hargeysa, plus the wider
responsibilities delivered by consolidation, resulted in several of the senior executives for Hargeysa’s
largest ESP, SOMPOWER, being arrested and imprisoned as part of investigations into the death of a
family resulting from a household electrical fire.

This matter reflects a potentially disquieting narrative that should be relentlessly neutralised.
Specifically, infrastructure business strategies that remunerate non-delivery and insufficiencies in
implementing, adding and operating network generation resources should be discouraged. These
essential resources are necessary to support and improve stability in electricity generation and
distribution and socio-economic growth.

Bothersome examples of this is the positioning of five non-operational small 20-22kW asynchronous
wind power turbines at the Hargeysa International Airport. Additionally, three similar non-operational
small 20-22kW asynchronous wind power turbines were also positioned in Berbera, 1 wind power
turbine was delivered but not installed in Borama and two wind power turbines were delivered but
never installed in Erigavo.
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None of these 11 electromechanical asynchronous wind power turbines is in operation to produce
electricity for their respective urban ESP networks. Reports from the project GEEL (Growth, Enterprise,
Employment and Livelihoods) in Hargeysa and the Somaliland Ministry of Energy and Minerals indicate
that two of the Hargeysa turbines are inoperative, while three are reportedly capable of operation.
Nonetheless, the in situ deficiencies in technical competency skills, along with a complete lack of
construction and commissioning, documentation prevents these turbines from being connected
either to SOMPOWER’s Hargeysa airport distribution network or TAYQO’s Berbera distribution network
or any other ESPs in the other locations.

Furthermore, there are reports of serial failures and subsequent repairs to the five Hargeysa wind
power turbines since installation in 2013, which have plagued all attempts to generate electricity. The
historical sequence of events bespeaks to significant O&M failings: a 40-73% failure rate. Exacerbation
of these grave O&M failures are amplified by non-existent commissioning and operation reports.
Moreover, requests for assistance from the original installers, has been systematically unproductive.

In point of recognition to these on-going O&M failures, it is practical to envisage the Hargeysa Airport
and Berbera wind turbines will be eventually tasked to providing technical training and capability
training for future wind power turbine opportunities in Somaliland.

Benchmarks for Transitioning Electricity Grids
Planning and Monitoring

The process of transitioning Somaliland’s electricity grids into larger scales of integration and better
mixes of electricity implementation and utilisation will require a mix of planning and monitoring and,
in particular, national skill set advancement and institutional entities. Some of their goals should be
to support electrification and faster growth in human development through:

e energy efficiency;

e optimising socio-economic growth;

e economies of scale;

e adoption of evolving innovations in the power and energy sector; and

e shouldering the challenge of harmonising collective and independent electricity
infrastructure.

Reaching these goals will require targeting and attaining certain touchstones in social, technical and
institutional capability. All of this will need to take place within a background of regional climate and
environmental challenges and changes, which are identified as part of the current global warming

trends.

Regulations, Standards and Technical Capability
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Further development of Somaliland’s electricity networks towards larger integration will require the
effective enactment of appropriate regulations, standards, safety and technical performance
requirements.

These standards will require all ESPs to improve technically and provide better operations within a
levelled and regulated market place. Key stakeholders for this should include Ministries responsible
for Energy, Education, Finance, Commerce and Environment plus the ESP firms, their business
associations, their suppliers and funding agencies.

Sampling, Surveying Loads and Generation

Larger integration and development of electricity distribution and generation will require better and
regular inputs derived from the effective sampling of energy utilisation across the various classes of
urban centres. Regular sampling via limited energy census should include the involvement of the
urban high school systems, colleges, Universities and even the chambers of commerce.

Another consequence of improved monitoring and planning will be that further enhancements and
openly available information will be available towards constructing larger urban centre infrastructure
with more flexibility to evolving developmental needs. Monitoring and planning will also facilitate the
construction of urban distribution rings based on reality based user load projections versus population
based load predictions.

Distribution Network Regulator and Operator

Improvements towards better and regular monitoring and projecting of load demands and generation
planning will require the active participation of stakeholder associations, working committees and
commerce associations. These tasks are an essential element to economic development and
sustainable distributed electricity infrastructure.

Furthermore, acknowledging that most, if not all, urban centres in Somaliland operate as island
distribution networks; there is a need for an Independent Distribution Network Regulator and
Operator (IDNO) to be created in each major urban centre. Such an entity will speed the creation of
urban distribution ring networks for each major urban centre. This is an upcoming necessary evolution
from the current independent parallel radial island distribution networks towards dedicated shared
collective urban distribution networks, with empowered generators and users.

The proper administration of the distributed infrastructure of the collective urban distribution
networks will allow the current ESPs to specialise towards generation or distribution and speed the
creation of urban distribution ring networks for each major urban centre within Somaliland. This
shared network process should not hamper further consolidation processes by ESPs into larger firms
with concomitant greater financial and technical resources for Generation growth and better long
term O&M.
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City/Port Development Plans

The determination of specific development zones such as port and major urban centres should be
paralleled with an effective energy and electricity load generation plan. Such a plan should identify
site focused renewable, thermal and storage energy sources that would be effective in optimising
electricity generation and drive the creation of urban distribution rings for industrial, manufacturing
and residential loads within the port or city.

Such plans should also be paralleled with clearly identified strategies for integrated urban and regional
development targets and zones. Ports are currently key elements in the energy, electricity and
transport networks. Their generation potential can be both derived from fossil fuel imports like heavy
fuel oil (HFO), Coal, Natural Gas or Diesel supplemented by renewable options such as solar PV, wind
power and energy storage.

Moreover, the ease of delivery of wind turbine technology to a port, and strong local winds along
much of the coastal areas makes a strong argument for selecting port as the initial location for pilot
cases. These would entail installing significant hybrid generation that includes wind power generation
in combination with hybrid thermal fossil fuel and solar PV and eventually electricity storage.

Hybrid Pumped Hydroelectric Generation

The development of effective renewable and hybrid-energy electricity generation and load
management, monitoring and planning will require the creation of nationally based technical
capability. This expertise will then permit the development of the potential for using multiple
renewables energy based storage via hybrid simultaneous pumped hydroelectric (SPH) generation for
selected and centralised sites within Somaliland.

This technology requires the availability of large vertical drops in elevation, reliable local renewable
energy sources such as wind and solar PV and leadership in sound water resource administration via
reservoirs. The reservoirs only need be filled during heavy rain seasons and topped up with small
additions to replace small reservoir evaporation losses.

Import and Export of Electricity Generation

The potential for exporting/importing electricity with Ethiopia and Djibouti should be explored. In the
interests of reciprocity, treaties for this must resolve how the electricity will be managed.
Comprehensive studies should be made on what will be the strengths, weaknesses, opportunities and
threats of such electricity imports, to the frontier communities and the ESPs, citizens and government
of Somaliland. Equally important is when these reciprocal interests will mature.
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Ethiopia and UAE have clear economic interests in developing Berbera as a port, in part to ease the
increasing congestion in Djibouti. In addition, in the case of Ethiopia, it could expand its electricity
network into Somaliland and acquire clientele within its neighbour via the Wajaale — Hargeysa —
Berbera corridor. How will this be owned and managed, what will be the commercial and socio-
economic benefit of such electricity imports, to the ESPs, citizens and Government of Somaliland
would need to be studied.

Ultimately, this will require the engagement of the main political institutions and impacted
stakeholders and the negotiation of treaties. These arrangements will need negotiations with the
respective governments of Ethiopia, Djibouti, local regional leaders, as well as, commercial
stakeholders and the impacted populations.

Innovations Impacting Generation and Transmission

There are currently major and significant changes in the electricity power generation and distribution
sector, which are projected to both continue and evolve into distributed generation and storage that
is harmonised with centralised storage. Time lines for such changes, certainly covers a 20-year scope
like this Power Master plan.

The large-scale global adoption of solar PV and wind power turbines, the enhancement of flexible
base-load management schemes and the utilisation of network UPS storage along with the progressive
adoption of extensive automation and monitoring for power networks, all testify to existing changes
in electricity delivery.

The key barrier often cited for further adoption of renewables into electricity generation and
distribution is high quality, low cost, long-lived and ideally modular energy storage. Somaliland has
significant resources for renewables based electricity generation. Moreover, certain geographic areas
confer significant opportunities for high quality, low cost, long-lived energy storage, which could
warrant the creation of regional and national transmission lines, based on centralised generation
sources.

Evolution of Electricity Generation and Delivery

The transition of Somaliland’s electrical energy utilisation during a 20 year planning horizon must take
into account the transition from isolated radial island distribution networks/grids towards integrated
urban distribution ring networks and the integration of pertinent new innovations in renewables and
storage generation as needed. This must all take place in partnership with a concurrent expansion of
electricity load demands in both urban and rural areas.

The primary basis for evaluating the relative benefits of interconnecting major urban centres can be

made either by a case-by-case economic analysis, concerning generation expansion and the creation
of transmission infrastructure, or for political, strategic and economic motives. In either case, the
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integration of urban centres will require satisfying actual or planned loads from optimally placed
generation and distribution infrastructure that must be ultimately economically sustainable.

Based on current infrastructure any consequential integration must be via current 11kV & 15kV radial
distribution within urban centres, or better with upgrades to 33 KV as part of the creation of urban
distribution ring networks for urban centres.

Historically, applying a standard infrastructure development model to remote and low population
density regions is usually inappropriate. Mini-grids and island distribution networks and their clientele
in remote or isolated urban centres do not necessarily benefit from integration. Consequently, any
deterministic criteria for specifying integration is unreliable; even more so at present due to the
dynamic of widespread implementation of reliable decentralised renewable energy generation.

Rural and Remote Electricity Networks
Criteria for Electricity Generation in Isolated and Frontier Communities

In general, the frontier areas are isolated and not heavily populated. Communities located there face
the challenges of isolation, the demands imposed by national security, and the need to maintain
effective reciprocal relationships with their trans-frontier neighbours.

The long frontier areas of Somaliland are quite isolated and communities associated with these areas
face the combined challenge of limited access to and poor delivery from outside resources. As a
consequence, diesel fuel availability for diesel electric generation is constrained by both poor roads
and by distance.

Essential to the survival of these isolated communities is their ability to produce value added products,
attain a quality of life, be resilient to climate changes, maintain effective communications regionally
and participate in trans-frontier commerce. Common reports indicate that electric generation and
distribution within such communities often involves small scale trans-frontier commerce, such as two-
way small scale electricity transfers across the frontiers of Somaliland, Ethiopia, and Djibouti.

Four criteria have been identified for determining the load and generation required to facilitate
community development. In particular, these communities need electricity support for loads that:

e create and operate via commercial value adding activities;
e assure country services;
e support commercial trade and communications activities; and

e assure residential load demand satisfaction.

Data necessary to assess this should be derived from field data for remote communities, which would
be used to make generic projections concerning load demands and generation requirements. Such
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field data should be gathered by the Ministry responsible for Energy in partnership with national and
regional partners.

This data will permit specific load demand and generation planning to be modelled. This will in turn
enhance government statistics, and facilitate the utilisation of effective sampling and planning for
further field data collection across the nation, especially for remote areas.

Another important challenge faced by remote communities including those on the frontiers is
capability and communications. Both technical capability and communication networks need to be
created to support the creation and management of all the electric generation and distribution
networks implemented into these communities. Approximately 80% of technical challenges in rural
electrification can be resolved locally if there is adequate technical competence.

Furthermore, the government authorities also need to engage with their neighbouring countries to
establish pertinent treaties concerning electricity generation and delivery for future growing user
loads in the frontier areas.

Establishing Mini-grids and Small Distribution Networks

A direct consequence of on-going tracking and planning of loads and generation will be an enabling of
optimal planning for any targeted rural economic development zones. As part of this economic
planning, implementing mechanisms for establishing hybrid HSDG-solar PV-Battery-wind power mini-
grids and small island distribution networks within small urban centres must be created.

These implementing mechanisms must include effective revenue collection and technical capability
supports for the long term O&M of these hybrid mini-grids and small island distribution networks. In
addition, these mechanisms must include on-going effective sampling of energy utilisation within this
subclass of urban centres, for future load and generation growth.

Types of Off-grid and Small Isolated Generation Networks

The key feature of classic off-grid generation systems is that they are stand-alone units. In remote
applications, they are often called Remote Area Power Supplies (RAPS) or SPS (Standalone Power
Systems). RAPS can range in size from simple lights or devices, through to units that incorporate
devices and machines that enable people to do value-adding work. They can be compact and mobile
or fixed to a site.

These systems are generally destined for isolated communities and locations and therefore must
obtain electricity from local sources like solar PV and wind power. They can be either DC or AC biased
(coupled) depending on the population and activities being served. For optimal operation, the solar
panels should be cleaned once per month or performance losses of 10-30% will occur due to dust or
mould (humid climates) build-up.
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Fixed DC-biased RAPS

The primary source of energy in isolated locations is solar energy and sometimes wind energy. These
units are usually supplemented by electrochemical battery storage. The battery permits nocturnal use
of devices and machines and supports daylight load uses, especially during heavy cloud cover or rain.
Consequently, RAPS goals can range from improving the quality of life to enabling small-scale
manufacturing and cottage industries. They are also used to power remote water pumps and
communications and monitoring relays.

The essential elements of these RAPS are solar PV Panels and their supports — cabling and a maximum
power point (MPPT) Charge Controller converts the solar PV DC voltage to battery storage voltage plus
a Battery. Thereafter the electrical energy stored from the electrochemical battery, powers a 6, 12 or
24-volt DC bus, which is usually also controlled by the charge controller, along with safety breakers,
control switches and connection points for DC powered devices. Figure 60 illustrates a basic small
fixed or mobile DC-coupled off-grid solar PV system.

Figure 60. Basic DC coupled (biased) Off-grid solar PV systems
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In geographically suitable fixed locations with good wind speed, a small DC wind turbine on a mast
can also be incorporated to charge the battery and power the DC bus via another charge controller.
Additionally, for fixed system configurations, a DC to AC Inverter can be added to the DC bus, which
converts the DC bus power supplied by the battery into LV (230V/50Hz) AC single phase (or even 3
phase) power to operate a small AC bus connected to small machines and devices.

The most vulnerable components in these systems are the inverters, the batteries and connections.
The inverters, as low impedance devices, are very vulnerable to voltage surges, short circuits,

&
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corrosion, overheating, insects, pests and mistreatment, including inappropriate loads being
connected to them.

The second most vulnerable element of these systems is the battery. Typically, the batteries are either
lead acid battery (PbA) usually in a gel format (VRLA) for ease of maintenance and handling or Lithium-
ion batteries in circumstances of small compact mobile devices. PbA batteries are cheap and 100%
recyclable, but do not tolerate greater than 50% DoD (depth of discharge) treatments well, and are
heavy and vulnerable to high ambient temperatures, which degrades their performance.

Lithium-ion batteries are less vulnerable to temperature, are much lighter (33%) and four times higher
energy density, tolerate a 80% DoD, but are two and a half to three times more expensive, they poorly
tolerate heating during charging, are not recyclable and can explosively decompose. Mobile lithium-
ion battery based systems tend to be lower in total energy capacity as they are lightweight, compact
and mobile. The 80% DoD of Li-ion systems can result in situations of unavailable electricity reserves.
Each technology, in practice, has similar lifespans.

On the other hand, charge controllers and solar PV panels are generally robust devices that provide
reliable charging voltage to the batteries, but the panels must be kept clean on a regular basis. The
key goals are to operate essential and long service devices via the DC bus to assure reliable operations
and nonessential higher power short-duration devices using the AC bus.

An important feature in setting up remote isolated off-grid systems is to minimise liabilities due to
system faults. Consequently, essential and long running items operate on the DC bus circuit.
Depending on their size, either mobile or fixed off-grid systems provide for different aspects of quality
of life, which can include lighting, refrigeration/freezer, telephone charging, radio, communications
devices, Internet access devices, laptop computer, battery charging and small ventilation devices.

The lighting components for these systems are generally long life (1lyear) robust low power
consuming LEDs (light emitting diodes), which operate from a 6, 12, 24 or even 48-volt DC bus. Mobile
systems nearly always run on a 6VDC bus using Li-ion batteries, while fixed systems run with a 12, 24
or 48-volt DC bus with mostly PbA and sometimes Li-ion batteries.

For the fixed single site units, ancillary devices used for value-adding and recreational activities, or
high current short term operations can be run off a small inverter, sized to one and a half times the
expected loads. These small inverters can power devices such as TV, DVD players, computers, sewing
machines, simple food processors, handheld power tools and normal ventilators. Figure 61 illustrates
a DC-coupled off-grid solar PV with AC options for fixed single sites.
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Figure 61. DC coupled (biased) Off-grid solar PV with AC option systems
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The temperature vulnerability of PbA batteries in fixed systems, can be markedly reduced, as is shown
below in Figure 62. Consequently, to extend battery useable lifespans, simple procedures can be
effected. It involves placing the batteries in ventilated boxes, which are put in a shaded lined
excavated pit 50cm deep, which is one and a half times the length and width of the battery, and

covered with a secure, insulating, but well ventilated cover, for outgassing H2 emissions.

Figure 62. Lifespan impact due to elevated temperature in PbA batteries
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A PbA battery is rated to operate at 20-25°C, and an increase of 8.3°C to 33.3°C, results in its lifespan
halved — from 10 to 5 years. Locating a battery in a pit also prevents tampering and reduces terminal
corrosion with batteries. Additionally, there must also be good ventilation for the charge controllers
and inverters so as to protect them from overheating.

The sizing of the systems and batteries is usually done to provide power for the combined use of basic
devices and illumination for 4-6 hours of nocturnal use. Operation of machines from the Inverter
should include a time control. Systems powering refrigeration/freezers should be run via the DC bus,
such as high efficiency DC freezer/fridges. Unfortunately, many of these devices are developed from
political and opportunistic interests, rather than technical and economic priorities and are noted for
their poor performance.

Variations on RAPS can power single households, small single building/institutional sites such as small
health clinics, police and security stations, administrative centres, border posts, communications sites,
small single building schools, small religious and community buildings and even small commercial
enterprises such as shops that sell food, drinks and technical services like internet access, phone and
device charging, computer services, electronic banking and communications services.

Another crucial use for single use sites is solar PV powered water pumping. These systems do not
require battery storage and operate during daylight hours, preferably with water reservoir levels
controlling the level of pumping. Water resources are crucial to pastoralists and should be integrated
into their existing and evolving communications and livestock movement networks.

Mobile DC biased RAPS

Systems intended for pastoralists must be mobile and compact. Solar PV panel sizes and
configurations should be compact and potentially expandable. Their tasking needs to prioritise quality
of life and productivity value adding activities, examples being illumination, portable battery charging,
communications and small refrigeration, all on a DC bus. Batteries for such systems should be
lightweight, high-density lithium-ion types.

Due to the higher cost of lithium-ion energy storage and mobile components, pastoralist destined
units must be properly aligned in performance to contribute to value-adding socio-economic activities
that are currently or can be carried out by pastoralists.

For example, systems that are allocated via family units should be joinable together as either parallel
or series configured units. This would permit powering larger devices such as, radios, communications,
small DC power TVs, DVD players, computers and even small power tools when multiple family units
gather.

Moreover, these units can be used to provide information, education and social integration of

pastoralists into national, climatic, resource, frontier and security information resources. These
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devices should be a nexus for pastoralists to collectively gather and create local innovations to
improving their quality of life and productivity.
Small mobile off-grid systems for pastoralists should have a clear vision and mechanisms for assisting
the pastoralists to further evolve in their quality of life, enhance their value-adding activities and

empower their integration into the regional and national society.

Small multi-family isolated Off-qrid mini-grid AC biased systems

In the case of small multi or extended family isolated communities the optimal solution is to create a
hybrid community generation system utilising solar PV and batteries, with AC wind power added if
available, which creates a collective coupled AC bus.

This in turn provides community LV AC electricity during daylight and portions of the nocturnal cycle,
for manufacturing and institutional uses, as well as households. Such systems can be also hybridised
and synchronised with either small HSDG or Stirling engine generators.

These are small mini-grids operating with a radial LV distribution network, focused on the dual targets
of improving quality of life and stimulating cottage manufacturing/value adding activities. In these
systems, the key vulnerabilities are the battery electricity storage and O&M of the electricity
generation infrastructure.

The solar PV is arranged as a ground mounted array, with solar and battery inverters creating an AC
bus. The vulnerability of the batteries is collectivised into a battery bank that must be protected and
optimised to maximise life span. The simplest least-risk approach to maximise battery bank
performance is to place the bank in an easily accessible rectangular or square lined excavated pit, 2m
deep, which is both covered and well ventilated, and then capped with a building so that it remains at
earth cooled 20-25°C.

The electricity generation and LV distribution is placed at ground level in the same building within five
metres but not in the path of vertical ventilation. The system requires a basic technician/operator, for
both basic O&M plus 80% of problems in mini-grids can be remedied locally. The inverters must be
properly ventilated and cleaned, and protected with effective earthing, surge protection and high
speed main load breakers for load faults, as well as multi-layered building breaker protections.
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Figure 63. AC coupled (biased) Off-grid solar PV small LV mini-grid for multiple buildings
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The battery systems for such situations are PbA based, with either VRLA gel format or Fluid filled
(flooded) format. The PbA VRLA batteries are lower maintenance and will provide lifespans of 7-10
years. PbA Fluid filled batteries will provide lifespans of 13-17 years, and require more regular basic
maintenance and a viable source of distilled or deionised water. Both types of PbA require equalisation
cycles once every 3 months. The price for VRLA can be 25-50% higher than Fluid filled batteries, so
generally not recommended in this context.

These systems are easy to integrate or expand into other LV AC distribution networks, and incorporate
larger generation sources as circumstances and daylight value adding activities evolve. These systems
are ready for integration into synchronised HSDG hybrid systems and larger urban electricity
distribution networks.

In fact, they could be the basis for multiple distributed generation networks sharing a common urban
distribution grid. This is a halfway point between centralised urban generation and residential grid
tied Solar PV generation, which is now a significant source of the growing practice of distributed
electricity generation in many developed economies.

Characteristics of Sample Off-grid and Small Isolated Generation

Remote Mobile Off-grid Systems with solar PV + Storage

&
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Mobile solar PV systems based on Li-ion batteries are offered in a wide range, but nevertheless at
significant prices for each watt-hour (Wh) of energy. Systems are usually being marketed with either
a small 5Wp or 20Wp solar PV panel. Battery capacities vary from 16Wh to 100Wh and the power
anywhere from 2-4 LED lights of 1-5W rating.

The 20W systems capacity based prices are in the order of US$1,400/kWh, while the 5W systems
capacity based prices are in the order of US$2,800/kWh. Over the lifespan of the battery (80% DoD)
these prices reduce to US$1.63 and 3.53/kWh respectively.

These devices all have ports for charging USB powered devices like mobile telephones, radios, games,
speakers and music players. The operation time on a full charge ranges from 4 hours for all lights to
24+ hours with one light and the DoD is 80%.

Realistic lifespan expectancy for the battery is usually 5 years, though some vendors claim up to 8
years. In fact, like all battery types, there are good and bad quality Li-ion batteries, which is reflected
in shorter lifespans and lower pricing.

When considering a small fixed system using Li-ion batteries a 100-200Wp solar PV panel isa common
size. Such a system usually comes with 800-900 Wh battery capacity and 3-4 5-watt lights. These again
have USB charging ports for operating small low power portable devices. 100Wp systems can be priced
in the order of US$500/kW with claims of 5-year lifespans. Over the lifespan of the battery (80% DoD)
the electricity price reduces to USS0.60/kWh.

Remote Fixed Off-grid Systems with solar PV + Storage Stand-alone

Examples of remote fixed off grid systems (RAPS) with solar PV and PbA battery storage in a standalone
configuration are described and modelled below as 3 scenarios. The modelling is then displayed in
Figures 66 through 77. These 3 scenarios encompass the major immobile type situations encountered:

Examples:

e Asingle home/household with a family in an isolated location that could engage in some small
cottage type value-adding activity;

e A five-family household community cluster or unit that represents an isolated small
community of five families, totalling about 30 people. This includes that they collectively
engage in a value adding-activity for both their own benefit and to generate revenues;

e The context of a standalone situation powering a small one building institutional facility, such
as a police station, health clinic or border post.

In all the exampled cases, PbA batteries are used because of they are fixed, much cheaper, and if

properly installed for temperature considerations and mostly operated with a DoD of 25%, the Gel
VRLA will last 5-6 years, while the Fluid Filled PbA will last 13-17 years. Moreover, they also provide
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another 55% of reserve electricity in emergencies. Figures 64 & 65, below, illustrate the variable
lifespans that can be expected from PbA batteries when sequentially subjected to different depths of
discharge (DoD).

As can be seen in Figure 64, a Fluid filled or Flooded acid PbA battery, kept at 20-25C, and habitually
subjected to a DoD of 25% discharge, before being recharged back to full, will last approximately 17.8
years; while if it is habitually discharged by 50%, it will only last 7.9 years.

Figure 64. Lifespan of good Fluid Filled PbA batteries at 20-25°C
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Similarly if a Gel VRLA PbA battery, kept at 20-25C; as shown below in Figure 65; is subjected to a DoD
of 25% discharge, or a 50% discharge, before being recharged back to full, it will respectively last either
5.5 or 2.75 years.
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Figure 65. Lifespan of good VRLA PbA batteries at 20-25°C
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Example 1: Single Isolated Home (6 persons) Scenario with Solar PV DC Coupled with AC

This generic single home system has a combination of 305W of AC loads and 294W of DC loads
matched to a daily demand of 1.89 kWh/d. Solar PV generation utilising 0.57 kWp of solar panels
provides an average of 2.89 kWh/d for this family of 6 persons, which is combined with PbA Battery
storage. The PbA VRLA batteries, are rated to 300Ah x 24V (2 banks of 2x12V (150Ah) batteries), and
operated at a 25% DoD with a spare day to 50% DoD. As shown in Figure 65 a typical PbA VRLA,
maintained at 20-25C and operated this way should have a lifespan of 5.5 years, with up to 7 years for
top quality.

Consequently this typical household’s electricity use is 0.48kWh/d capita = 176kWh/an cap; => HDI
(Human Development Index) of 0.54.

Figure 66, below, shows the modelled Solar PV battery system generation (grey bars) against
household load demand (blue bars) on a monthly basis, over a 1 year period.

Figures 67 through 69 illustrate, respectively, the typical daily DC load demand (Figure 67), the AC load
demand (Figure 68) and the combined AC+DC load demand (Figure 69) for the modelled typified
single/standalone 6 person family home in Somaliland.
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Figure 66. Single home solar PV monthly power generation against load demand
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Source: Output from Unicon software using multiyear data "obtained from the NASA
Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme”
Figure 67. Single home DC coupled system value added with AC loads: Peak Load 300W
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Figure 68. Single home DC coupled system essential DC loads: Peak Load 200W
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Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme"
Figure 69. Single home DC coupled system combined Loads: Peak Load 400W
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Example 2: Five Household (6 person/home) Small Community System

This generic five household small community system includes a Solar PV and Battery system that is AC
coupled to provide electricity for value adding activities. It has a combination of 3.5kW of AC loads
and 1.7kW of DC loads matched to a daily demand of 22.38 kWh/d. Solar PV generation utilising 6.75
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kWp of solar panels provides an average of 34.22 kWh/d for this community of 30 persons, which is
combined with PbA Battery storage.

Here PbA fluid filled batteries are used, and rated to 1,840Ah X 48V (2 banks of 24x2V (920Ah)
batteries). They are operated at a 25% DoD with a spare day to 50% DoD. As was shown in Figure 64,
a typical PbA fluid filled battery bank, maintained at 20-25C and operated this way, should have a
lifespan of 17.8 years, or at least 15 years, when accounting for some early battery failures.

Consequently this typical small isolated community electricity use is 1.14kWh/d capita = 416kWh/an
cap; => HDI (Human Development Index) of 0.62.

Figure 70, below, shows the modelled Solar PV battery system generation (grey bars) against
community load demand (blue bars) on a monthly basis across a 1 year period.

Figures 71 through 73 illustrate, respectively, the typical daily DC load demand (Figure 71), the AC load
demand (Figure 72) and the combined AC+DC load demand (Figure 73) for the modelled typified

isolated 30 person community in Somaliland.

Figure 70. Five-home solar PV monthly power generation against load demand
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Figure 71. Five household community system with value add AC loads: peak AC load 2kW
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Figure 72. Five household community system, quality of life domestic loads: peak load 1.1kW
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Figure 73. Five household community system; combined Loads: peak load 3.1kW
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Source: Output from Unicon software using multiyear data "obtained from the NASA
Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme"

Example 3: Single Isolated Institution Building with 12 staff

This generic isolated Institution Building system with 12 staff engaged includes a Solar PV and Battery
system that is AC coupled to provide electricity for value adding activities. It has a combination of
1.2kW of AC loads and 1.0kW of DC loads matched to a daily demand of 12.56 kWh/d. Solar PV
generation utilising 3.75 kWp of solar panels provides an average of 19.0 kWh/d for this isolated
Institution Building, which is combined with PbA Battery storage.

Here PbA fluid filled batteries are used, and rated to 2,000Ah X 24V (2 banks of 2x12V (1,000Ah)
batteries). They are operated at a 25% DoD with a spare day to 50% DoD. As was shown in Figure 64,
a typical PbA fluid filled battery bank, maintained at 20-25C and operated this way, and should have
a lifespan of at least 15 years, like for example 2 above.

Accordingly, this typical isolated Institution Building electricity use is 1.58kWh/d capita = 578kWh/an
cap; => HDI (Human Development Index) of 0.65.

Figure 74, below, shows the modelled Solar PV battery system generation (grey bars) against
Institution Building load demand (blue bars) on a monthly basis across a 1-year period.

Figures 75 through 77 illustrate, respectively, the typical daily DC load demand (Figure 75), the AC load
demand (Figure 76) and the combined AC+DC load demand (Figure 77) for the modelled typified
isolated Institution Building in Somaliland.
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Figure 74. Single isolated institution solar PV monthly power generation against load
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Figure 75. Single isolated institution DC coupled system Value Add AC inverter loads: peak load
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Figure 76. Single isolated institution DC coupled system DC loads: peak load 0.7kW
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Figure 77. Single isolated institution DC coupled system Combined loads: peak load 1.9kW
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It is evident there will be a significant investment in battery storage when sizing a solar PV + battery
stand-alone system. In fact, for good quality PbA battery systems, the batteries are approximately 50%
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of the price of the system. While for a good quality Li-ion battery based system the battery systems

are 2/3 of the total system cost.

Tabled below are estimated costs for Off-grid standalone solar PV with battery systems and

characteristic costs for elements in such systems.

Table 60. Estimates of cost for stand alone Off-grid solar PV + Battery systems

Calculate for system with PbA 25% DoD OG Solar system
Size, kW 0.60 6.75 3.75 1
Battery, kWh 7.20 81.00 45.00 12.00
Battery price, USS 1,728 19,440 10,800 2,880
System cost estimate, USS 3,456 38,880 21,600 5,760
System Price, USS/kWh 480 480 480 480
Calculate for system with Li-ion 80% DoD OG Solar system
Size, kW 0.60 6.75 3.75 1
Battery kWh 4.80 54.00 30.00 8.00
Battery price, US$ 3,360 37,800 21,000 5,600
System cost estimate, USS 5,088 57,240 31,800 8,480
System Price, USS/kWh 1,060 1,060 1,060 1,060

Table 61. Characteristics of Off-grid solar PV + Battery generation

Source: Unicon

Mobile Solar| Size range 5 DC 6 X integral 3.53
PV W 100 12 integral 0.60
Fixed Solar | Size range | 0-200 | ACorDC | 24 220 1 1 2
PV kw 100 96 240 20 5 10
PbA Battery
capacity/So 13 11
lar PV ratio
kWh/kw
Li-ion
Battery 9 8
capacity/So
lar PV ratio
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Lifespan 30+ 8hrs / day 20 20 20
lar PV CAPEX
Solar $610 | %400 $800 $600 | $800
Prices S/kW range
Construc’n 05 2 05 0.5 0.5
time months
Batt
CAPEX | DoD25% DoD 50%|DoD 80% Assembly arery
f Lifespan | Lifespan ; Manage’t
$/kW Lifespan Itesp esp time
years years | vyears | months System
BMS/kWh
VRLA
Battery PbA|  $/kWh $450 6 3 1.5 1 $150
small Fluid Filled
systems -Flooded $240 17 8 4 1 $150
S/kWh
Lifonsmall | ¢/ ewh | $700 10 10 10 1 $700
systems
Prime-
Continuous v
floating
Peak v
Mode Standby v
Blackstart v
STOR v
PbA Fluid
O&M Battery| filled/VRLA | >27-50
kW yr
S/kWy Liion | $60.00
O&“s\f’mar og'kwv\';";fd $23.40 inthe PV | inthe PV |in the PV
Service Clean cycle 01 o1
years
Main 1 0.5
mainten. yrs
Full overhaul 30+ 20
cycleyrs
Scheduled
downtime
days/year 2 2
per unit
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Replace’t | 4 1 0.1
time year
Emissions

Carbon cost 0 0
S/tonne

Source: Unicon

Conclusions Related to On-grid/Off-grid Issues

This annex provides a definition and an analysis of the grids, mini-grids and off-grid renewable and
provides an example of remote stand-alone fixed off-grid Systems with solar PV plus storage.

These systems encompass the major scenarios that can be encountered:

e asingle home with a family in an isolated location that could engage in some small cottage
type value-adding activity;

e afive-family home cluster or unit that represents an isolated small community of five families,
totalling about 30 people. This includes that they collectively engage in a value adding-activity
for both their own benefit and to generate revenues; and

e the context of a standalone situation powering a small one building institutional facility like a

police station, health clinic or border post as mentioned above.
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Annex 7: Discussion of Generation Issues

Overview of Generation
Generation Context and In-house Upgrades for Urban Centres

Most of the electricity produced and delivered to the businesses, institutions and the urban
populations in Somaliland is provided by independent Electricity Service Providers (ESPs) and some
IEPs. Nearly all of the current electricity generation in Somaliland is derived from high-speed (1,000
rpm or more) diesel fuelled generators (HSDG). Moreover, many of the larger industrial businesses
and institutions utilise their own Captive Generation, which again is nearly all supplied by HSDG.

Generally, within the larger urban centres the electricity is provided by one or more ESPs using a mix
of radial MV (medium voltage-11kV, 15kV & 33kV) distribution and LV (415/240V) feeder lines, all at
a frequency of 50 Hz. The size of the HSDGs generally ranges from 50kVA to 2,000 kVA, with several
to multiple HSDGs located at each site.

Additionally, it was observed that in the larger urban centres, with more than one ESP, there is no
common shared network or cooperation in electricity distribution. In some cases, large electricity
customers use multiple ESPs as service providers or opt for their own captive generation.

Figure 78 shows the size and number of HSDGs “currently surveyed” in Somaliland.

Figure 78. Somaliland — number and sizes of High Speed Diesel Generators, Median = 495 kW
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Source: Unicon
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Observations from urban field data collection and discussions, indicates that until recently, the
renovation or upgrading of generation sites by the ESPs, generally involved either replacements or
additions, by using similar or larger HSDGs.

Most of the urban ESPs and captive generators have not implemented synchronisation and
automation as part of their generation processes. As a consequence, dedicated generators are
allocated to exclusive feeder lines.

It was determined that currently it is likely that many urban-based HSDGs are operating well below
their expected and designed performance criteria. This kind of operation results in significant amounts
of “wet stacking” (diesel fuel waste, extra pollution, performance degradation and shorter HSDG
lifespans) amongst electricity producing HSDGs.

Currently there is no in-country petroleum refinery providing hydrocarbon fuels for use within
Somaliland. Throughout Somaliland, all diesel fuel is transported via national road networks from port
facilities to points of use.

Opportunities for upgrading current urban generation sites that could be included in the analysis
include:

e introduction of synchronisation and automation for generators presently in operation;

e introduction of larger more efficient thermal generation including medium and low speed
diesels using sizes of units generally available on the market;

e introduction of Gas Turbines with high efficiency thermal generation that use diesel fuel that
is generally available; and

e addition of renewables based generation.

The addition of renewables based upgrades has resulted in hybrid generation opportunities. Such
hybrid opportunities offer significant improvements in fuel efficiency, fuel consumption, extended
HSDG lifespans, reducing greenhouse gas (GHG) emissions and combustion pollution, along with less
reliance on fuel imports. Hybridised electricity generation for urban centres is the present global trend
across electricity markets.

Implementation of Renewables

Over the years there have been assorted attempts to introduce renewable energy based generation
to Somaliland electricity marketplaces. These endeavours have been via solar PV, wind power and
limited Hydro-electric generation — all with mixed results. This has been driven by a combination of

well-meaning technology parachuting and the combined facts that:

e significant amounts of solar radiation are incident upon Somaliland;

e the area is endowed with significant and reliable wind activity;

"nlcon 300



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

e these technologies are modular and scalable and theoretically amenable to small and large
systems.

Solar PV

Solar PV with rechargeable batteries (Pb gel and Li-lon gel types) has a broad regional acceptance for
applications in rural and decentralised areas. They are easily adopted in rural areas as a source of
energy for small home and mobile devices; such as lighting, phone chargers, radios and low energy
use devices.

These devices are usually classed under the category Small Home Systems (SHS) and in practice
generally provide for a better quality of life. But SHS systems are limited in providing sufficient energy
for direct value-adding work. In optimum conditions, their lifespans are 2-3 years and they are mostly
limited by battery lifespans, maintenance and component failures, all requiring a replacement
infrastructure that rarely functions. While SHS has spawned an industry, its enhancement of rural
productivity is questionable.

More recently there has been the adoption of larger solar PV systems within some urban centres in
Somaliland for commercial, residential and institutional applications. These systems comprise of
either:

e standalone solar PV + Battery for captive mini-grid or isolated island distribution for dedicated
uses; or

e solar PV grid tied generation; synchronised and attached to an existing ESP generation
infrastructure.

The primary benefits of these systems are that they:

e permit reductions in diesel fuel costs for a thermal (HSDG) based system;

o have key elements with long lifespans of 15 - 25 + years, except for batteries;

e have low O&M complexity and cost;

e are modular easily replaced components;

e are easily upgraded;

e automatically synchronise to the local electrical energy supply;

e offset the need to purchase another HSDG;

e provide peak electrical energy during the daytime peak demand period;

e have capital cost that are low and continuing to drop significantly, likely by 35% over the next
6-8 years (except for batteries).

These observations suggest that solar PV has been quite effective, albeit limited by the weaknesses in
O&M infrastructure (batteries and solar panels) for SHS, and limitations concerning battery utilisation.
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Wind power

Contrary to Solar PV, wind power generation while modular and scalable, comprises electro-
mechanical devices plus power electronics, all requiring higher quality and integrated O&M.
Therefore, while it is scalable, broad scale implementation of small isolated wind power generation
providing for the level of applications use, such as SHS, is not economical. Historically, wind power has
been used in Somaliland for pumping water for rural purposes.

More recently there have been attempts in Somaliland to implement wind power generation for
medium scale (5-100kW) captive generation and grid-tied applications. These systems comprise of
either:
e Standalone wind turbines with Battery for captive mini-grid generation for dedicated uses; or
e Wind power turbines intended for grid tied generation — synchronised and attached to an
existing ESP generation infrastructure.
These systems have been for the most part failures.

Cross-border and Remote Electricity. Import/Export of Electricity

Pastoralist communities

Land frontier areas and broad spans of land within Somaliland bordering the neighbouring countries
of Ethiopia and Djibouti are generally sparsely populated, with sporadic frontier urban centres and
significant tracts of land being utilised by pastoralist communities.

Nevertheless, despite the remoteness of much of these generally poorly serviced areas, the
combination of the significant length of the land frontiers, with a significant synthesis of trans-frontier
pastoralist communities all result in an important and underserved population within the trans-
frontier areas.

A direct consequence of the general pastoralist community commercial activities and lifestyles,
already mentioned in Annex 6, is that they require mobile electrical generation directed at either, or
both, improving their quality of life and/or their commercial productivity. The alternative is that these
communities must become sedentary, and abandon their lifestyles and their sources of revenue and
sustenance, and risk entering absolute poverty.

Unfortunately, this situation is already prescient, due to the current extended drought impacting
significant parts of Somaliland. This drought has resulted in significant numbers of climate refugees
needing to establish bivouacs and camps proximal to large urban centres and seek charitable
assistance.
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Import/Export of Electricity

The prospect of establishing significant imports and exports of electricity, beyond small local
synergistic generation and supply across the borders of Somaliland’s various frontier areas, is
important. This was discussed in Annex 6.

Characteristics of Current Electricity Generation

Current Urban Generation Capacity Implemented

As previously indicated, most electricity generation within Somaliland, is derived from urban-based
HSDGs, which are owned and operated by private sector ESPs. Data was collected from the majority
of ESPs operating in many of the major urban centres.

Generation Data for the major urban centres of Erigavo and Berbera could not be completely
obtained. Generation data for the city of Hargeysa was incomplete, with approximately 50% of
Hargeysa’s ESP’s not providing information. Some generation data was obtained for Berbera via ESRES

data.

Table 62. Summary of totals from collected data for “current usable” generation

Type of Generation (kW) & Renewables Penetration via kWh
REGIONS
HSDG kW Solar kw Solar % Wind kW Wind % Battery kWh
Somaliland 24,356.7 3,535.0 3.1% 118.8 0% 1,300

Source: Unicon

It must be noted that these values are not the same as for the total surveyed units. These values are
for currently estimated generation sources in use and that nearly all ESPs do not currently implement
synchronisation and automation of their HSDGs. Those ESPs utilising renewable generation have done
so by adding it to their diesel fuel based generation, thus creating hybrid generation systems.

All the solar PV systems connected to urban distribution are grid-tied and therefore synchronised to
their respective local ESP distribution network. Accordingly, these ESPs are now producing
synchronised hybrid generation.

Fossil Fuelled Urban HSDG Operations (Diesel)
The generation data provided by the ESPs surveyed in general did not supply the actual metered
electricity generated, but rather load cycles and estimated generation based on peak capacity

assumptions. Monthly fuel consumption data was generally provided by the respective ESPs. The cost
of diesel per litre, paid by ESPs, was systematically not provided, but the large captive HSDG
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generation facilities provided an average price of US$0.60/litre of diesel. A summary of operational
characteristics and maintenance requirements for current surveyed operative HSDG's is tabled below

in Table 63.

Table 63. Summary of O&M characteristics and requirements for current surveyed urban HSDG

generation

HSDG Specifications and Requirements

. Current values
L. Fuel price
Description . and expenses
USS/Litre
Value Fuel Motor RPM for surveyed
ESPs in
Somaliland
. 100 - Diesel 1500 0.6
Systems Size kW 2,700
Median HSDG Size kW 495
Number HSDG Generators 113
Combined 24,356.70
current
estimated
Generation
capacity kW
Combined 581,728.70
current
Electricity
Generation Estimated
Generation
kWh/day
Combined 212,330,981.80
current
Electricity
estimated
Generation
kWh/year
Capex USS/kW, US$S 779 $18,973,869
Estimated Fuel 155,128
use based on
3.75
kWh/Litre
(0.267 Lt/kwh)
Litres/day
Fuel Estimated Fuel $93,077
cost US
$/day
Estimated Fuel $33,972,957
cost US$/year
Reported fuel 36,279
use Lt/day

&unicon

304



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

HSDG Specifications and Requirements

Description

i Current values
Fuel price
Us$/Litre and expenses
Motor RPM for surveyed
ESPs in
Somaliland
10.93

$266,219

Value Fuel

O&M Fixed
USS/kW yr - USS

O&M Variable

us
S/MWh (year) -
uss

Annual O&M
estimate

$738,912
3.48

o&M

$1,005,13 1

- USss
Annual

0&M/kWh
estimate - US$

$0.0047

Annual O&M + Fuel

$34,978,0 88
Annual O&M + Fuel/kWh
estimate - USS

$0.1647

Lifespan 3.42
12hrs/day
generation
lifecycle - years

Generation Lifecycle O&M costs per
generation
lifecycle - USS

$3,442,22 7.90

Estimated Fuel
cost US
S/generation
lifecycle
- USS
Total estimated
Generation
costs per
lifecycle - USS

$116,345, 743

$138,761,840.65

Proportion of
O&M + Fuel
costs to Capex
during lifecycle

631.30%

Lifespan Simple
cost O&M +
Fuel + Capex

$0.191
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HSDG Specifications and Requirements

. Current values
L. Fuel price
Description . and expenses
USS/Litre
Value Fuel Motor RPM for surveyed
ESPs in
Somaliland
/kWh
Period 0.5

Maintenance Oil
& Filter Change
cycle period -
years

Down Time Qil 1
& Filter Change
Time/event -

days
Oil & FC per Generator

Number of Oil & 7
Filter Changes /
Lifespan

Number of days 7
of O&FC/
Lifespan - days

Period 1
Maintenance
Top Overhaul
cycle period -

years

Down Time Top 3
Overhaul
Time/event -
days
Top Overhaul per
Generator

Number of Top 3
Overhauls /
Lifespan

Number of Top 9
Overhaul days /
Lifespan - days

Period 3.42
Maintenance
Full Overhaul per Full Overhaul

Generator cycle period -
years
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HSDG Specifications and Requirements

i Current values
Fuel price
Us$/Litre and expenses
Value Fuel Motor RPM for surveyed
ESPs in
Somaliland

Description

Down Time Full 5
Overhaul
Time/event -
days

Number of Full 5
Overhaul days /
Lifespan - days

Scheduled down time Generator 0.1

work for replacement

time - year

Scheduled Down 54 6,087

time during a

lifespan with

replacement -
days

LU Scheduled Down | 21 2,356

time during a

lifespan with

Full overhaul -
days

New Site Assembly time - 0.25
year

Source: Unicon

The range of HSDGs used in Somaliland’s urban areas are all under 2,000 kW in generation capacity.
These systems have optimal lifespans of 3.42 years (15,000 hours) when operated 12 hours a day, at
which point they must be either replaced, or a major overhaul is needed, if still viable. Apart from
regular maintenance, HSDGs require major scheduled changing of filters and oil each 6 months and
“Top End” overhauls each 13-14 months during a 3-4 year period.

Calculations are made using current estimated generation and that each HSDG operates for a 12-hour
cycle. Costings for capital cost of systems and O&M (Operations and Maintenance) are based on
international and regional data sources.

The combined costs of 0&M and fuel over the expected lifespan for the HSDGs ranges from four times
to six times the Capital cost needed for installing the HSDG generation. Further, the scheduled labour
and down time associated with a successful complete overhaul of well-maintained HSDGs is about
39% of the scheduled labour and down time associated with the full replacement of poorly maintained
HSDGs.
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In addition, there is an increase in unscheduled downtime and labour when HSDGs are run in Wet
Stacking modes along with poor maintenance and service.

A deeper analysis of monthly fuel use and estimated generation from peak capacities and load cycles
of the HSDGs for each ESP surveyed provided fuel use estimates for generation in kWh/It. Well
operated HSDGs generally operate in the range of 3.3 to 4.3 kWh of electricity per litre of Diesel used,
with an average of 3.7-3.8 kWh/Lt as reference (GREEN zone in the following Figure 79).

Comparison of the expected electricity generation versus the estimated electricity generation using
load cycles and peak capacity assumptions, indicates that many ESPs are operating HSDGs significantly
below their optimal rated performance. A direct consequence of running light loads is insufficient
operating temperatures, resulting in unburned diesel fuel emissions, elevated pollution and
contaminated lubrication.

This aforementioned wasteful process is “Wet Stacking” (BLUE zone), which results in fouled engines,
scarred internal surfaces and contaminated lubricants. These all combine to reduce maximum
generation power, reduce lifespans of the generator engines and elevate maintenance costs and
unscheduled generation downtime.

Distribution histograms of fuel use for generation, displaying the kWh/Lt distribution are shown
below, along with colours identifying the relevant HSDG fuel use performance.

Figure 79. Somaliland — summary of generators fuel use against expected generation

Somaliland HSDG fuel use kWh/Lt.
Good 3.3-4.3 kWh/Lt

Number of HSDGs
N w D wv

=

0 [ III H B

0.00 2.80 5.00 8.00 12.00 20.00 30.00 40.00 60.00 90.00
Reported kWh/Lt.

Source: Unicon

As can be seen, the majority (BLUE zone) of HSDGs throughout the mandated areas, based on fuel use
and projected generation, are very likely engaging in different degrees of Wet Stacking operations.
Losses due to Wet stacking practices produce significantly higher overall operation costs, which in

308



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

turn, the electricity consumers must pay for: via higher electricity rates. The green zone illustrates that
a minority of ESPs are actually operating their HSDGs in optimum generation conditions.

To further illustrate the scale of segmentation in performance of HSDG generation within Somaliland,
the estimated generation against fuel use, compared to the optimal fuel use curve is shown below in
Figure 80.

Figure 80. Somaliland estimated generation versus fuel use. Wet stacking above best generation
line, non-generation losses are below the line
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Source: Unicon

It is observed that for estimated ESP electricity generation for Somaliland shows some wet stacking
(above the line), some good operations near the line. This indicates fuel consumptions issues are more
severe in Somaliland. In general, wet stacking is a significant operations issue in many ESPs.

Urban Electricity User Population Capitalising on Electricity Generation
As mentioned in Annex 5, data concerning Energy use by households, small businesses, large
commercial and manufacturing enterprises, and institutional users within many of the major urban

centres in Somaliland, was collected.

The data collected on residential and business electricity use, showed that the population distributions
concerning electricity use are asymmetric. In particular, the residential use in the surveyed urban
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centres is described by an exponentially declining curve, which indicates a significant proportion of
the urban populations in Somaliland, do not have access to ESP generated and distributed electricity.

Figure 81, below, illustrates the distribution of residential demand on metered electricity, as
kWh/month person, within Somaliland. These all exhibit declining curves, starting from a large base

of non-users of ESP generated electricity.

Figure 81. Residential kWh/m person demand: Somaliland

Somaliland Freq kWh/m person Household
Range 0-100 kWh/m person Median 11.00 kWh/m person
y=5.5e 0.114x

Number surveyed
w

1 |\
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100

Reported kWh/m per user

Source: Unicon

In fact, this should be expected given that there is a significant base of electricity distribution nonusers
within Somaliland, in part due to common small scale captive generation.

The analysis of the energy use data surveyed, is again provided as in Annex 5 for Somaliland, which is
tabled below, in Table 64.

Table 64. Electricity consumption by classes kWh/month person

Somaliland 11.10 62.57 16.28 $0.76 10.39 $0.69 2,665,880 3,500,000
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Source: Unicon

Proportion of Urban Electricity Generation Users

Further examination of the data extracted from electricity usage and generation data and then their
combination provides for a current estimate to determine the number of urban residents who are not
utilising the electricity resources provided by the respective ESPs.

As identified, the median monthly per capita electricity consumption determined for Somaliland is
11.1 kWh/month person. When this value, derived from median, is applied to the considered or
assessed populations that were sampled, they provide a calculated demand, which when compared
to the actual estimated electricity generation provides an estimate of the served population. This is
tabled below, in Table 65.

Table 65. Estimated proportion of assessed urban populations currently, using ESPs or not

: % non-ESP
Estimated Median % of ESP | and/or no
stim nd/or non
, kWh/month | Assessed | Estimated c - Number of
urban users in users o i
Regi . capita urban Demand > 50 | Electricity
egion Generation L. . assessed | Electricity in ;. Esp Non-
electricity population | kWh /day .
kWh/day ) population | assessed TR
consumption .
population
Somaliland (3
ESPs 581,728.7 11.10 2,665,880 986,376 59.0% 41% 1,093,011
Hargeysa)
Somaliland
(est 6 ESP 700,000 11.10 2,665,880 986,376 71.0% 29% 773,105
Hargeysa)

Source: Unicon

The consequence of these values indicates that there is a significant proportion of the population in
each mandated area, that is either not obtaining electricity from the surveyed ESPs or do not have
access to electricity. This corroborates with Annex 5 population distributions concerning urban
electricity use, which are asymmetric and described by an exponentially declining curve, and signify
sizeable electricity or ESP non-use.

Unfortunately, values obtained for Somaliland are actually understated, because only three of the six
ESPs in Hargeysa provided estimated generation data. A revised estimation based on doubling the
current generation in Hargeysa is also tabled, which proposes a lower current level of non ESP and /
or electricity users (NESP).

In any case, increasing electricity generation will have to provide for increases in two classes of
electricity consumption: consumption increases by current urban electricity users or by additional

&unicon o



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

NESP users entering the electricity market. It is logical to expect the user distributions will remain
asymmetric into the near future.

Renewables Generation Operations

As previously mentioned, there are ESPs within Somaliland that have commenced converting their
generation systems into hybrid electricity generation. For the most part this has been via the
renewable energy resource of solar PV. These solar PV systems are all grid-tied and synchronised to
particular ESP’s HSDG generation systems and connected to the same ESP’s local distribution network.

While there are some wind power generators installed in Somaliland, all of these, bar one, currently
do not provide electricity to their local ESP distribution network.
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Table 66. Current renewables in Somaliland

19.8 0 NO
19.8 0 NO
noaoor
Hargeysa Airport 19.8 0 NO
MAROODI- JEEH power
19.8 0 BROKEN
19.8 0 BROKEN
Burao HECO Solar PV 1,500 1,500 5.03 7,545
TOGDHEER
Shiekh BEDER Solar PV 130 5.04 655
GURMAD Solar PV 402 500 5.07 2,038
Laascaanod 500 500 5.07 2,535
sooL LESCO Solar PV
250 1,300 1,300
AWDAL Borama ALOOG EC Solar PV 700 700 5.33 3,731
GABILEY .
MAROODI- JEEH Gabiley  |sompow ER| Solar PV 300 300 5.33 1,599
LIBAN
SAHIL Daca-Budhug o o o Solar PV 3 3 3 7?2 7?2 ??2?
Berbera TAYO PC Wind power 19.8 0 NO
SAHIL 19.8 0 NO
Berbera TAYO PC Wind power 19.8 0 NO
Potential
g Current Total
Battery Solar . Wind Wind
TOTALS Solar PV kW kWh/d Battery Wind power wer Renewables
Power kW powe kWh/d
kwh/d kwWh/d kWh/d
Somaliland 3,535 1,300 19,403 119 0 2,851 19,403

&vunicon

Source: Unicon
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A summary of operational characteristics and maintenance requirements for current surveyed operating solar PV, battery and wind power generation

systems in Table below.

Table 67. Summary of O&M characteristics and requirements for current surveyed operating solar PV, battery and wind power generator

Solar PV Systems Size kW 1-200,000 Sun Daylight Clouds
Windpower Systems Size kW 1-2,000,000 Wind 24 hours Variability
Solar PV Size kW 3,535
Number Solar PV sites 7
. Windpower Size kW 119
Capacity

Number Wind turbines 8
Combined Renewables

. . 3,654
Generation capacity kW
Solar PV Generation kWh/day 18,103
Windpower usable Generation 0
kWh/day
Windpower possible Generation 2851
kWh/day
PbA Battery storage Generation 1,300

Generation | k\Wh/day ,

Li-lon Battery storage Generation 0
kWh/day
Combined Renewables
Generation kWh/day 19,403
Combined Renewables
Generation kWh/year 7,082,168
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Solar PV 2018 USS/kW - US$ $1,810 $6,398,350
Solar PV 2025 USS/kW - US$ $790 $2,792,650

e Wind 2018 USS$/kW - US$ $1,560 $185,328
Wind 2025 USS/kW - USS $1,370 $162,756
PbA Battery US$/kWh - US$ $550 $715,000
Li-lon Battery US$/kWh - US$ $2,000 SO
Solar PV O&M Fixed USS/kW yr - 34 $82,719
uss
Windpower O&M Fixed USS/kW 4671 $5,549
yr - USS
Solar PV  O&M Variable 0 %0
USS/MWh (year) - USS
Windpower O&M  Variable 0 %0
USS/MWh (year) - USS
Solar PV Annual O&M estimate - 482,719
uss

O&M Windpower Annual O&M
estimate — $5,549
uss
Renewables Annual O&M - US$ $88,268
PbA Batt USS/kWh yr - US$S $27.50 $35,750
Li-lon Batt US$/kWh yr- USS $60.00 S0
Annual Renewables + Batt O&M $124,018
- Us$
Annual Renewable + Batt
O&M/kWh estimate - USS 30.0175
Lifespan Solar PV - years 30.00

&vunicon
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- days

Lifespan Wind Turbine - years 25.00
Lifespan Battery PbA - years 10.00
Lifespan Li-lon - years 10.00
Solar PV O&M costs per
generation lifecycle - USS 30yrs 2,481,570
Solar Py+B§tt O&M costs per 10yrs 1,184,690
generation lifecycle - US$S
Generation | Wind power O&M costs per 25yrs 138,729
Lifecycle generation lifecycle - US$S
Total Solar PV Generation costs
per lifecycle - US$ 30yrs 8,879,920
Total Solar PV + Batt Generation
costs per lifecycle - USS 10yrs 8,298,040
Total Wind power Generation
costs per lifecycle - USS 25yrs 324,057
Renewables 10yr Simple cost
O&M + Capex /kWh 10yrs 30.1155
Period Maintenance cleaning 01
cycle period - years '
Solar PV Down Time cleaning - days 0
maintenance Annual Maintenance cycle period
per system 1
- years
Down Time Annual Maintenance )

&vunicon
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Period Maintenance Monitoring
. 0.25
cycle period - years
Battery Down Time Monitoring - days 0
maintenance Annual Maintenance Equalising
per system . 0.5
cycle period - years
Down Time Equalising - days 1
Period Maintenance Service cycle 0.50
Wind period - years '
- 1:urb|ne Down Time Full Overhaul 5
alntena.nce Time/event - days
per turbine
Statistical downtime/year - days 6.2
Solar PV annual Downtime
days/year 2 14
Scheduled yS/y
down time | Solar PV + Battery annual 4 4
Renewable | Downtime days/year
(SR Wind power annual Down time
10.2 81
days/year
New Site Assembly time - year 0.25

&vunicon

Source: Unicon
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Solar PV and Battery Generation

There are six grid-tied solar PV systems located in Somaliland, which are co-sponsored by the ESRES
project. As mentioned, recent implementations of grid-tied solar PV into the urban generation has
been significant, grossing to 3.54MW in Somaliland.

These systems are synchronised to operate as part of solar PV-HSDG hybrid generation, with the solar
component providing both extra daytime generation and diesel fuel savings. Solar PV generation data
surveyed range from 3kW to 1.5MW in Somaliland.

Apart from regular maintenance, which is primarily cleaning the solar panels and generation site, grid
tied solar PV systems are low cost maintenance, long lasting generators. Lifespans are considered in
excess of 30 years, maybe even 60+ years and they are very easy to upgrade and repair. This is because
the systems are composed of modular components that can be easily replaced.

The key vulnerability is electronics within the solar PV such as DC-AC inverters, which are intentionally
modular, such that they can be easily replaced if they fail. Change out times on failed inverters are a
few hours at most, and it does not prevent the rest of the modular elements of solar PV systems from
continuing to generate electricity.

In the cases where there is a combination of solar PV, with rechargeable battery storage systems,
these use additional grid connecting inverters and computerised battery management systems (BMS).
The use of batteries reduces the impacts of low sunlight conditions (clouds) during daylight, as well
as, via grid inverters, provides rapid-response peak-load generation capacity. Moreover, with a
suitably large capacity, the battery systems can even permit night-time generation and peak load
support.

Estimations of expected solar PV electricity generation are usually made using 22-year based average
daytime solar irradiation for each site, which is geographically determined, along with the peak rated
real power (W) generation of the solar PV system. Solar PV inverter systems are automated and can
be programmed to also provide different levels of reactive power support as part of a generating
network (VAR).

The utilisation of rechargeable battery storage systems, with BMS, currently proposes the
replacement of the battery systems after 10 years of operations. This occurs because the capacity to
store electrical energy of these rechargeable batteries is significantly reduced after 10 years of
continued use, unless very well managed. The erosion of battery performance is a direct result of
irreversible chemical changes within the batteries.

Two types of rechargeable Battery technologies are being used in the mandated areas. As per industry

practice, the larger storage capacity systems are lead acid (PbA) based technologies, while smaller
storage capacities utilise lithium-lon (Li) based technologies. The PbA systems are % the cost, easily
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recycled, well known, heavy, temperature sensitive, bulkier, safe if well ventilated and require basic
climate control to perform optimally.

The Li systems are four times more expensive, are frequently operated on an 80% DoD cycle, 1/3 the
weight, more compact, less vulnerable to temperature, but require well regulated climate control for
optimal performance, are a newer technology, are currently not recyclable and are capable of
explosive decomposition if mistreated.

One ESP in Somaliland, located in the urban centre of Laascaanood, LESCO, has implemented a solar
PV-Battery-HSDG hybrid generation system. LESCO has executed an automated and synchronised
hybrid generation system with the extensive technical assistance of an expert foreign hybrid electricity
EPC (Engineering Procurement Construction) firm, EPS (Electro Power Systems S.A).

Their information website indicates their generation is from 500kW of solar PV, 1,300 kW of battery
storage in PbA technology with a BMS, a 250 kW battery inverter and 1,900 kVA of diesel generation.
Their use of hybrid generation has permitted them to reduce their diesel consumption by 53%, and
CO2 emissions have been reduced by 131 tons/annum.

Estimates for capital costs and O&M practices are according to international and regional data sources
and practices.

Wind Power Generation

Wind power turbines are electro-mechanical devices that require a certain level of technical capability
and infrastructure to do the construction, commissioning and operations, which, to the present time,
has not in large part been available in Somaliland. Nevertheless, it is well known there are significant
good quality wind generation opportunities in Somaliland.

As mentioned in Annex 6, within Somaliland there are currently 11 non-operational wind turbines
dispersed between Hargeysa, Berbera, Borama and Erigavo. Only the five Hargeysa and three Berbera
wind turbines were considered as potential generators in the survey. These are 22kW turbines
mounted on 18m towers. While three of the five turbines at the Hargeysa airport are considered
potentially operational, their history has created safety and liability concerns for the local ESPs who
own and manage the airport distribution network.

The biggest challenges in operating wind power systems derive from both electrical and mechanical
issues. They are most vulnerable to mechanical problems, and to a lesser degree electrical, soon after
installation and commissioning. When these problems are well managed and resolved they will then
become much more regular and reliable in their standalone operation. They are expected to last in
excess of 25 years.
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Regular maintenance for wind turbines is usually done every six months, which involves a thorough
inspection of the nacelle complex, comprising of the rotors, the gearbox, the generators, power
electronics and controllers necessary for normal operations and orientation of the wind turbine.
Following the wide scale implementation of wind power in developed economies, there has been a
growing interest in and development of SCADA and remote tools for optimising the O&M aspects of
wind power generation.

This enhancing of O&M performance involves the use of real time CSM (Condition Monitoring
Systems), which provides near instantaneous telemetry monitoring of turbine component
performance throughout its operational life. This permits remote monitoring, to optimise operations
and enhance preventative maintenance scheduling. This reduces unscheduled downtimes, shutdowns
and faults.

Many of the wind power installations in the world are now linked to real time monitoring for this
purpose and CMS is a potent tool for facilitating technology transfer and integration, between poorer
and wealthier economies.

Small Urban, Rural and Isolated Mini-grid Generation

A few small urban isolated locations were sampled. Here it was found that either fossil fuelled
generation, and/or solar PV + battery generation systems were each operated independently and if
present together, coexisted as stand-alone generation, and were not synchronised. These types of
separate generation modalities are classed as unsynchronised hybrid generation. The absence of
synchronisation between the generation modalities provides for simpler less technically demanding
operations and maintenance and provides for redundancy in electricity generation.

These types of coexisting unsynchronised hybrid generation systems are often utilised with small
stand-alone mini-grids. Implementation of such separated generation operations is also done to
service different demand periods. In these cases, the use of either solar PV and/or small wind power
turbines + battery and/or fossil fuelled generation is largely dependent on local user demands and
daily incident solar irradiation (seasonality) for the solar PV component and wind reliability for small
wind power generation.

Any isolated and/or remote electricity generation is by definition a form of captive generation
targeting a specific class of users and tasks. Consequently, as mentioned in Annex 6, it is very likely
off-grid and standalone generation needs to be conceptualised as part of an electricity infrastructure
designed for remote and even pastoralist communities.

Captive Generation

Large captive generation sites are necessary amongst large businesses and institutions throughout
Somaliland. This phenomenon is a result of:
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e limited generation capacity of ESPs;

e unreliable generation and delivery from ESPs;

e variability in quality of electricity delivered vis-a-vis voltage and frequency stability;
e high cost of electricity generated by the ESPs;

e economies of scale within the business or institutions operations;

e obtaining electricity from multiple ESPs requires separate distribution lines from each ESP.

The small sample of large captive generation locations surveyed utilise single or multiple HSDGs on
site. In addition, these were also reported to be currently not using synchronisation and automation,
as part of their operational protocols.

Data from large captive generation sites can provide useful information on actual large industrial
requirements for electricity, but the actual population of large businesses using captive generation is
unknown, and only a limited sampling of large businesses was surveyed.

Ergo, the combination of a limited amount of data collected on large businesses, plus an even smaller
sampling of large captive generation businesses constrains what reliable conclusions can be drawn
concerning captive generation. It must also be annotated that historically, captive generation is the
starting point for electricity generation in most societies, including how ESPs have developed in the
country.

Electricity Generation Resources Available

The potential energy resources available for supplying or fuelling electricity generation in Somaliland
can be divided into three classes. These are the use of:

e Biomass and waste fuels (thermal source) such as; wood, urban waste products or waste
agricultural products;
e Fossil fuels (thermal source) such as coal, petroleum-based products and natural gas;

e Renewable energy, which can be grouped into solar PV, solar thermal, wind and electric.
In a certain context biomass can be considered a form of renewable when it is applied to regenerative
practices that ensure carbon neutrality, such as the cyclic use of tree forestry and plant farming to

produce biomass crops. Currently this is not the case for biomass fuels in Somaliland.

At the present time in Somaliland, there is no national production and exploitation of nationally
sourced fossil fuels such as coal, natural gas or liquid petroleum.

There is a key distinction between the thermal energy sources and the other energy sources
mentioned above when used for electricity generation. Storage for thermal sources utilises the
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chemical energy stored in the fuel itself to produce heat to drive turbines, and is dependent upon the
control, stockpiling and regular supply of fuel from distant sources.

On the other hand, the renewable forms of wind and hydro energy rely on the transfer of mechanical
energy produced from the movement of air and water. Solar PV relies upon the transfer of energy
from selected electromagnetic radiation (sunlight-blue light) to electrons within specific photoelectric
materials. As a consequence, these modalities are very dependent on local and regional climate and
geography, and the subject of storage is fixed to addressing variability in supply or demand at the
locus of generation, and is not dependent on distal energy sources.

There are extensive resources of wind within Somaliland. In addition, there are also significant solar
PV resources available in the country, both along the coasts and inland.

Biomass and Waste Fuels

Noting the severity of the current impact of regional climate change, a protracted drought, and
significant deforestation, the presently very vulnerable natural and human environment in Somaliland
does not currently offer significant opportunities for sizeable use of biomass for electricity generation.
Presently there is extensive use of wood to produce charcoal for national use and significant regional
targeted exports destined for use in cooking, which have severely aggravated deforestation processes.

There is a significant waste stream being produced by each of the major urban centres and there are
robust and established ways in which urban waste destined for landfill can be segregated and the
appropriate portions used for electricity and heat generation. Moreover, urban liquid waste efflux can
be treated to provide biogas and other fuels for electricity and/or heat generation and support land
regeneration.

There is also a significant livestock and local agricultural industry supplying both local consumption
and, significantly, the export of live and slaughtered animals. There is significant potential for using
the wastes from these industries at their collection hubs for fuel and land benefits such as in Burao
and Berbera. These sites could provide biogas, other fuels and organic soil additives from their solid
and liquid waste streams.

There would be separation of clinical, building and ceramic wastes from carbon rich waste. It would
produce heat, syngas, fuel oil and biochars as outputs. It is quite feasible that similar facilities could
be implemented at all of the other major urban centres also, such as Hargeysa, Burao, Erigavo and
even for smaller cities like Borama, Berbera, Laascaanood.

Unfortunately, it appears at this time, there are no such projects in-place to systematically examine

or undertake projects to exploit these possibilities for cogeneration of electricity, waste treatment
and support near urban agricultural land remediation.
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Fossil Fuels

Coal deposits have been historically recorded and identified, but as discussed in Annex 5 they are not
considered commercial.

Consequently, all fossil fuels used in Somaliland, must be imported through national seaport or
possibly delivered by road from Ethiopia. For practical purposes, currently all of the fossil fuels are
imported through seaport. The current key seaport for fossil fuel imports is Berbera.

From this port there are established road routes, of variable quality, connecting through much of the
rest of the country for fuel delivery. It also has storage facilities for these fossil fuel imports, although
capacities are unknown. Clearly, the cost of storing, transporting and further storing diesel for its
various uses, including that used by the ESPs is passed onto consumers. Consequently, long and/or
poor transport routes also contribute to higher diesel fuel costs.

As previously mentioned, nearly all urban electricity generation is produced by ESPs operating HSDGs,
including for the large urban centres. Anecdotal evidence indicates that many of the small sized fossil
fuelled generators used in small-scale standalone captive generation, that service small businesses,
isolated homes and small isolated communities, tend to be small gasoline driven generators.

As mentioned in Annex 5, other fossil liquid fuel imports include aviation and jet fuels, intended for
aircraft using the major airports and lastly Kerosene; a fuel used primarily in lighting and cooking
activities. There is also importation of LNG (liquefied natural gas), which is primarily used for cooking
tasks. All these imported fuels are sourced from foreign suppliers and refineries; mostly venders
located in the Middle East.

Field surveys confirmed that nearly all the major urban electricity generation is currently provided by
HSDGs and that some of these have recently been hybrid-augmented by solar PV, and in limited cases
also with battery storage, and in one case wind power. Consequently, diesel fuel for HSDGs is “de
rigueur” for the majority of electrical energy in Somaliland.

Also mentioned in Annex 5, the large vehicle transport sector uses significant diesel fuel as well as
being responsible for the delivery of diesel fuel from the seaport centre to inland urban centres.

Moreover, the fishing industries are another major diesel and fossil fuels consumer.

Table 68. Reported monthly diesel fuel use for HSDG generation (wet stacking likely common)

Estimated Reported

kWh/Lt C t
kWh/m fuel Lt/m / OMMENES

Region

. Very likely extensive under-loaded operation and
Somaliland 12,008,916 1,088,206 11.04

Wet Stacking, overestimated generation

Source: Unicon

Fossil Options
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Currently there are no identified Low Speed Internal Combustion based electricity generation systems
in Somaliland. Often called LSIC generators, Low Speed Diesels (LSG) or HFO (Heavy Fuel Qil) plants;
these can run on either diesel or HFO, but because of the cheapness of HFO, are frequently marketed
and run based on this fuel.

The adoption of either HFO or Natural gas (LNG or CNG) based electricity generation, will require the
installation of specialised storage facilities for the handling and storing of these fuels both at the port
and ESP sites. Moreover, the land transport of natural gas requires specialised road tankers and good
roads or pipelines.

Additionally, HFO is not generally considered suitable for overland transport, as it requires continuous
heating for storage and for pumped transfers. On the contrary, both fuel oil and diesel fuel are easily
and safely transported by road fuel tankers over most types of roadways and share a common fuel
resource with key elements of the transport infrastructure.

Renewables Resources

The discussion of renewable resources in this chapter is focused on its use as part of the supply of
electricity to larger load centres; the use of such resources in off-grid situations was discussed at
length in Annex 6.

Solar PV

Solar PV opportunities in Somaliland are primarily constrained by:

e availability of open space at the location;
e quality of solar irradiation at the location;
e number of sunlight days per year in the location; and

e need to operate in some form of hybrid configuration.

The actual solar PV systems installed comprise of solar PV panels fixed on mounting arrays, whether
situated on open ground or on structures like buildings. The panel arrays are oriented in a fixed
manner to either:

e obtain the maximum amount of solar radiation throughout the year for generation; or
e obtain the optimum utilisation of solar radiation throughout the year for standalone balanced
loads.

The first of these two approaches fixes the PV panel array orientations for maximum total solar energy
received during a calendar year. The second fixes the panel array orientations such that the delivery
of energy throughout the year is more constant or seasonally targeted.

324



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

Solar PV for hybrid grid-tied generation applications generally follows the first methodology, unless
there are specific seasonal requirements. On the other hand, solar PV systems for hybrid standalone
situations, such as providing for storage and off-grid captive generation or isolated communities; are
configured for clearly structured and balanced loads: methodology two.

Other key elements within hybrid solar PV systems are the inverter systems and control panels. These
comprise of modular Inverters, which are electronic devices that convert the solar PV DC energy, or
stored electricity into AC electricity and synchronise it to an electrical network. They automatically
inject synchronised AC into the local distribution lines, while also providing anti-island protection (fast
safe disconnections), to prevent unsafe energising of local island or even regional distribution lines.
Their high level of automation allows for easy remote monitoring.

The amount of electricity that a particular solar PV location can generate for a hybrid generation
network is ultimately determined by the combination of the following:

e Power rating, kWp, of the solar PV arrays;

e Solarirradiation index for that area;

e Efficiency of the inverter systems, which ranges from 0.87 to 0.97;
e The cleanliness of the panels (removal of dust); and

e Monitoring and preventative maintenance for the inverters and control panels.

The modular nature of the inverter systems can allow for simple quick replacement of failed or faulty
electronic components while the unaffected portion of the system can continue to generate.

The solar maps shown below and in, Annex 5 illustrate that different locations provide unique energy
irradiation characteristics throughout Somaliland.

These locations are especially well suited to solar PV electric generation as part of a hybrid generation
network and should be exploited in both urban and rural areas for electricity generation.

As seen in the maps below, different location possesses different levels of solar irradiation and so a
solar PV array output will be different. Consequently, examples are provided below of what electricity
generation will be obtained at different locations from a 1kW solar PV during an average day.

325



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

Figure 82. Solar map and solar DNI (Direct Normal Irradiation)
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Figure 83. Solar DNI map
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Examples of Solar PV Generation Output from a 1kW solar PV array

In figures below, the array is inclined for optimum performance within selected different urban
centres (data is based on 22 year NASA Surface meteorology and solar energy data). Each location
graph shows Solar PV battery system generation (grey bars) against household load demand (blue
bars) monthly, over 1 year.
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Figure 84. Boroma 1kW 18 Degrees inclined South => Average 5.33 kWh/d per 1kWp installed
Avargage Solar Energy (kWh/day) - 5.33013
Annual Solar Variance kWh/day - 0.08
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Source: Output from Unicon software using multiyear data "obtained from the NASA

Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme”

Figure 85. Hargeysa 1kW 11 Degrees inclined South => Average 5.11 kWh/d per 1kWp installed
Avargage Solar Energy (kWh/day) - 5.11451
Annual Solar Variance kWh/day - 0.02
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Source: Output from Unicon software using multiyear data "obtained from the NASA

Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme”
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Figure 86. Burao 1kW 8 Degrees inclined South => Average 5.03 kWh/d per 1kWp installed
Avargage Solar Energy (kWh/day) - 5.03525
Annual Solar Variance kWh/day - 0.05
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Source: Output from Unicon software using multiyear data "obtained from the NASA

Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme”

Figure 87. Berbera 1kW 12 Degrees inclined South => Average 5.17 kWh/d per 1kWp installed
Avargage Solar Energy (kWh/day) - 5.17340

PV Output Graph Annual Solar Variance kWh/day - 0.04
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Source: Output from Unicon software using multiyear data "obtained from the NASA

Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme"
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Figure 88. Erigavo 1kW 12 Degrees inclined South => Average 5.14 kWh/d per 1kWp installed
Avargage Solar Energy (kWh/day) - 5.14481
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Source: Output from Unicon software using multiyear data "obtained from the NASA
Langley Research Centre (LaRC) POWER Project funded through the NASA Earth
Science/Applied Science Programme"
Adjunct solar PV uses

An important adjunct for expanding the utilisation of solar PV is its capacity to preserve important
water resources for human, industrial and agricultural activities. Solar PV systems can be installed on
water reservoirs and treatment ponds to provide evaporation protection. Floatovoltaics (floating solar
PV arrays) preserve water, as well as support daytime manufacturing and institutional value-adding
electricity generation.

An important study of global water trends, for 1900-2010, conducted by UNESCO indicated that
evaporation from reservoirs exceeds domestic and industrial consumption of water from reservoirs.
This trend in greater evaporation losses versus municipal water use up to 2010 is shown in Figure 89,
below. From a physics of evaporation perspective, more water is evaporated from shallower versus

deeper water reservoirs.

Moreover, recent studies from Australia and other hot climates indicates that physical evaporation
methods like “floatovoltaics” prevents evaporation by 70-100% from water reservoirs, plus preserves
water quality and enhances solar PV performance due to the passive cooling of the arrays by the
reservoir. Such systems are already implemented and growing in use on water reservoirs and dams

across countries like Australia, USA, Brazil, Japan, Europe and Korea for example.

The preservation of surface collection of rainwater reserves is crucial in hot climates. A 2009 Australian
study found up to 95% of rainwater is re-evaporated without significant runoff, and that over 50% of
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storage in reservoirs is evaporated in dry climates. Using the 2010 global values from Figure 89, it is
observed that for a total of 510 km3 of reservoir water, some, 240 km3 was used by municipalities,
whilst 270 km3 was lost to evaporation. Therefore, approximately, at least 52.9% is lost by
evaporation, whilst 47.1% is utilised, or alternatively; of the water volume used, another 112.5% of
water is lost, i.e. of 2.125 volumes of water delivered into open reservoirs, only 1 volume is actually
used by municipalities.

Figure 89. Evaporation of water from open reservoirs exceeds industrial & domestic water
consumption
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The covering of reservoir surfaces with “Floatovoltaics” is observed to reduce the annual evaporation
by 90%. Consequently, Floatovoltaics permits the storage of 1 and 1/9 times the desired water to
provide the needed water supply. A graph of the proportional difference between water supplied to
an open water reservoir, versus to a Floatovoltaics covered reservoir is shown in Figure 90, below,
where it is apparent that annually, 2.125 volumes more of water must be placed in an open reservaoir,
as compared to 1.1111 volumes of water that must be placed in a “Floatovoltaics” covered reservoir
over the same period. This results in a water (Energy use) delivery differential of 191%. (2.125/1.1111)

Moreover, it is well known Solar PV panels distinctly diminish in electricity performance as their
temperature rises above 25C. Field measurements indicate that in many hot dry climates, especially
for high solar irradiation, PV panels become distinctly hot during power generation hours. In fact,
panel temperatures exceed 80C, giving major output degradation. Generically many Solar PV panels
have a Power Temperature Coefficient (PTC) of -0.5 %/K or C; with the negative indicating, as
temperatures rise above 25C, PV panels loose power output by the %/C.
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Figure 90. Water delivery (ergo energy needed) to an open reservoir, thereafter to municipality;
without and with, floatovoltaics based solar panels
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While some modern high performance (21% efficiency) Solar PV panels PTCs are -0.3/K, (SunPower
X21-345) for our calculations, we use a common good quality German manufactured (15.2%
efficiency) 250Wp panel as reference (Centrosolar S250P60) with a PTC of -0.43 %/K, weighing 20kg
each.

Figure 91 below, graphs the performance of 4 such PV Panels (1,000Wp) against temperature. It is
clearly observable that at 80C, these panels only deliver 763Wp versus 1,000Wp. This mean’s 31%
more panels must be installed to provide the ticketed electric power generation, whenever installed
on a building or even the ground in hot dry climates.

Figure 91. Graph of solar PV panel electricity generation performance versus temperature
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Contrarily, field measurements of Floatovoltaics indicate that the PV panels, remain at or below 25C,
due to the cooling effect of the water body and rear surface humidity. Ergo Floatovoltaics provide at
least 31% more electricity for an equal surface coverage compared to ground or building mounted
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Solar PV arrays, which is illustrated in Figure 92, below. In some cases, it is indicated 50% more can be

recovered.

Figure 92. Graph of solar PV floatovoltaics electricity generation advantage versus temperature
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The ramifications of combining the phenomena of PV panel thermal derating and controlling large
water losses due to evaporation, plus preserving water quality and quantities in reservoirs for
municipal utilisation is a strong stimulus for implementing comprehensive Floatovoltaics in hot dry
climatic regions were Solar PV generation is advantageous and water resource management is crucial.

Table 69 is a summary of the benefits and potentials for Floatovoltaics implementations.

Table 69. Summary of “floatovoltaics” benefits and potentials

Option Consequence
Floatovoltaics covering any water 31% more Solar PV Electricity generated and
reservoir will deliver more Electricity Solar PV panels less likely to fail due to thermal
than an equal surface of ground or stressing

building mounted solar Panels

Floatovoltaics require some more 11% more water annually must be stored to
water stored to provide the cooling provide 31% more Electricity

benefits and deliver the expected water

during annual period.
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Option

Consequence

For municipalities much more water
must be placed in an open reservoir,
compared to a Floatovoltaics covered
reservoir over an annual period.

212.5% more water than needed must be placed
in open reservoirs as compared to 11.1% more
water in a Floatovoltaics reservoir. This results in
191% more Water and 251% more Electricity to
fill and utilise an open reservoir compared to
using a Floatovoltaics reservoir.

For waste treatment ponds; the use of
Floatovoltaics permits significant pond
water retention for secondary water

uses.

900% more pond water is retained over an
annual period, for secondary water uses, plus
31% more electricity is produced, as compared to
using an equal ground or building surface.

There are Energetic, Water and
Economic development arguments for
Floatovoltaics.

Using water tanks in place of Floatovoltaics saves
11.1% water yet spends 31% more on any Solar
PV energy, Floatovoltaics supports the effective

management of large urban water reservoirs as
well as Berkads, with respect to water resource
preservation, water distribution, simple and
effective use of Solar PV electricity generation,
distributed generation and reducing diesel fuel
expenses for pumping.

It would also support a waste energy programme
as well.

Source: Unicon

Batteries and electricity storage

A frequent modality for enhancing the contribution of solar PV generation in a hybrid generation
network is the addition of storage. Most solar PV storage solutions are currently primarily through
batteries with some kind of BMS (Battery Management Systems), with forms of climate managed
environments and two-way inverters.

Such additions can significantly raise a hybrid solar PV generation system’s cost and depends on the
capital and operating costs for the size and type of battery technology used, plus lifespan constraints
for the rechargeable battery chemistry.

An excellent technical advantage of storage-augmented solar PV systems is that they are capable of
generating independently to a distribution network without HSDGs or other base-load generation.
They can also be combined with other renewable electricity generation that together provides a
variable generation input, plus potential for rapid response to peak demands.
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Another form of energy storage available for Hybrid systems is through the use of Compressed air.
This technology offers very long lifespans, modular and containerised units, temperature insensitivity
and rapid peak electricity delivery, if required. Unfortunately, it is only beginning to enter the
commercial marketplace, and reliability is unknown.

Wind power

Wind opportunities in Somaliland are primarily constrained by:

e availability of open space at the location;
e speeds and reliability of winds at the location;
e number of windy days per year in the location; and

e need to operate in some form of hybrid configuration.

The actual wind power systems currently installed in Somaliland are of the types generally installed
globally, which comprise of wind turbine nacelles fixed on top of masts or towers, spaced apart and
situated on open ground.

Key elements within wind turbines apart from the rotor blades, are the nacelle, which contains an
electromechanical transmission, asynchronous generator, power electronics equipment, a wind
orienting mechanism, cabling, controller, lightning and surge protection, rotor break mechanism and
access ports to service the nacelle’s components. At the base of the tower/mast there are usually
control electronics and switches for safety and servicing.

Larger wind turbines of 275kW (i.e. 30m mast, with 15m radius rotors) and higher power ratings use
towers of heights of 30m, 50m and higher. At these heights such systems are supplied by more reliable
wind speeds and are usually well above the turbulent layers of wind that carry sand and dust. Like all
electromechanical devices, they are vulnerable to strong dust storms, and require maintenance
servicing if subjected to such storms.

Commercial generation turbines are usually rated to operate to a maximum sustained wind speed of
25m/s. The maximum sustained 10 min gust speeds are usually above 35m/s; a maximum value often
cited is 60m/s or 216km/h.

On the contrary, turbines set below 20m are much more vulnerable to sand and dust laden winds, in
addition to being subjected to ground effect turbulence and less regular wind speeds. While there are
some exceptions, wind turbine towers are generally fixed structures that require the use of a high lift
crane or a small ladder inside the large tower, for maintenance and repairs access.

For areas where there are poor roads and access and/or extreme wind storms such as cyclones and

typhoons, there are wind turbine designs that can be mechanically lowered for both protection from
extreme wind speeds as well as for maintenance and repairs on the nacelles. Such mast designs are
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well suited for Somaliland, as part of introducing and developing the necessary technical and logistical
capabilities and infrastructure that is required for the implementation of significant wind-farm power
generation.

The successful implementation of wind power generation is made easier by the use of real time
remote CSM (condition monitoring systems), which provides near instantaneous telemetry
monitoring of turbine component performance throughout its operational life. CMS also permits the
optimisation of regular scheduled maintenance servicing, which is usually biannually, to minimise
unscheduled downtime, shutdowns and faults.

As electromechanical devices, wind turbines are vulnerable to cascading mechanical faults, which if
properly monitored can be prevented with CMS determined interventions upon detecting the first
mechanical or electrical fault.

The amount of electricity that a particular wind turbine can generate for a hybrid generation network
is ultimately determined by the combination of the following:

e Power rating, kW, of the generator driven by the rotors;

e The actual average wind speed that is turning the rotors;

e The effectiveness of CMS operations in monitoring and enabling effective preventative
maintenance and avoiding unscheduled shutdowns.

The wind speed maps shown below and in Annex 5, show that different locations provide unique wind
energy opportunities throughout the country. It is most noticeable that parts of the coastline of
Somaliland possess significant levels of consistent strong winds, which are well suited to hybrid based
wind power grids.

Many of the current locations surveyed are not in optimal wind generation areas but some are. It
should also be restated that wind speeds are generally stronger and more reliable with higher
towers/masts as well as for elevated areas or coastal areas.

As seen on the maps below, different locations possess different levels of wind and so wind turbine
output will be different. Further below are more detailed examples of some areas for wind during an

average day.
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Figure 93. Wind Map (50m height) for northern areas showing strong winds in coastal and
mountainous areas
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Figure 94. Wind map (100m height) showing locations. Strong winds in coastal and elevated areas
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Figure 95. Wind map (50m) for Hargeysa
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Figure 96. Wind map (50m) for Berbera
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Hydroelectricity

Hydroelectric opportunities in Somaliland are primarily constrained by:

e availability of significant and reliable water resources;
e presence of either significant and reliable volumes of water or heads of water; and

e electricity infrastructure needed to deliver the generation to consumers and or urban centres.

Unfortunately, traditional hydroelectric dams for generation are very vulnerable to rainfall seasonality
in their catchment basins and also competing needs for water by agriculture and urban populations.

More recent alternative approaches towards hydroelectricity generation has been through the use of
pumped hydro storage and generation. This necessitates the application of hybrid generation
methodologies and the advantages of the rapid and peak response of power produced by
hydroelectric generation. Again, like all renewable generation approaches, geographic factors
determine where pumped hydro storage and generation can be implemented.

Traditional pumped hydro storage is a tried-and-tested technology that has been doing the energy
storage job for well over a century. First employed in the 1890s, pumped hydro makes up 97 per cent
of energy storage worldwide, with around 168GW currently installed. There are potential sites for
significant possibilities for a new type of pumped hydroelectric generation, SPH and SMPH, in
Somaliland, in areas associated with the Northern coastline areas.
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The amount of electricity that a particular pumped hydroelectric turbine can generate for a hybrid
generation network is ultimately determined by the combination of the following:

e power rating, kW, of the generator driven by the mechanical energy in the water;
e actual elevation drops and volume of water providing the mechanical energy;
e volume of water placed in storage that is used for providing hydroelectric electricity; and

e availability of water for storage along with the replacement of evaporation losses.
Characteristics of Potential Electric Power Plants (including upgrades)

In identifying potential electric power generation plants for the future development of the electricity
sectors in Somaliland, it is important to reflect upon the current situation; what works, what is
problematic and how this may be improved, should be addressed before introducing more of similar
or different electricity generation technologies.

As has already been indicated, the majority of urban electricity generated derives from the use of high
speed (>1,000rpm) diesel-powered generators (HSDG), owned and operated by ESPs. These HSDGs
utilise the same diesel that is used for road transport vehicles, and can be easily modified to use fuel
oil also. They range in size from <10 kW up to 2,000kW, and are often mounted on skids, and similar
such more specialised units can reach sizes of 5SMW. While HSDG ratings are often by kVA, for
consistency sake within the document kW or MW are used for generation power ratings, based on a
power factor of 0.9.

Recently, collaborations between some ESPs and international assistance, have introduced grid tied
solar PV and wind power generation to provide hybrid urban electricity generation that is integrated
with the ESPs current HSDGs. Current solar PV generation systems range in size from 40kW to 1.5MW,
and utilise grid tied inverters synchronised to the particular ESP’s HSDG generation network.

The wind power generation units comprise rotors and turbines ranging in size from 22kW to 275kW
and are mounted on masts/towers 18m-33m high. Regrettably, the wind turbine generators have not
been successfully placed in operational mode.

Analysis of HSDG operations in the country has indicated that a number of improvements can be made
to operational features of current generation. These should be implemented before further
augmentation of electricity generation is introduced. One clear phenomenon identified is the
occurrence of wet stacking of HSDG electricity generation. As mentioned earlier, Wet Stacking occurs
when HSDGs are operated well below their optimum power generation performance.

HSDGs perform most effectively in their 50 to 100% generating capacity zone, where they combust

and use the least fuel for the maximum amount of electricity output. Below 50%, the HSDGs begin to
underperform, where fuel is wasted as a result of non-combusted fuel exiting the exhaust stack, solid
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deposits build up in the combustion and exhaust chambers and contaminants enter the oil lubricating

reservoirs.

Figure 97. Typical performance efficiency and fuel use to load curves for HSDG
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As can be seen in the graph above, Figure 97, generation below 50% of rated output, results in quick
performance drops, moreover when loads are of the order of 10%: fuel consumption per kWh of
generation can reach three times that of optimal generation.

Furthermore, wet stacking results in greater wear within the engines, higher fuel consumption,
pollution, reduced power output, more unexpected downtimes and longer scheduled overhaul times.
It also results in more frequent replacement of HSDGs that cannot be repaired or overhauled.

Another major feature observed concerning HSDGs was that a significant proportion of HSDGs are
currently not being operated effectively through automation and synchronisation procedures. The use
of automation and synchronisation with multiple HSDGs permits the optimisation of electricity
generation. This occurs because synchronisation enables the parallel operation of electric generation
from a combination of generators, in unison, so that each HSDG is operating in its optimal
performance zone. The use of automation makes it easy for particular HSDGs to be brought online or
offline easily and smoothly.

In summary, observations indicate that the crucial investments in HSDG electricity generation made
by the diverse ESPs across Somaliland are being seriously compromised in performance and suffering
significant losses. These impairments include losses to generated power, life expectancy and
maintenance, through practices that result in wet stacking.

Further, the absence of automation and synchronisation technology for the HSDGs, prevents the ESPs
from utilising parallel generation to assure optimal HSDG performance and improve dynamic reactivity
to electricity load variations.

Wet Stacking and Remedies

The optimum performance of an internal combustion motor requires the correct fuel/air ratio to be
sustained, and appropriate temperatures for the combustion. When light loads are placed on the
device it cannot achieve proper combustion temperatures and unused fuel is vented out the exhaust.
As this continues, incomplete combustion solids deposit in the engine causing exhaust backpressure,
loss of power and begins to scar internal surfaces.

Moreover, insufficient temperatures in the combustion chambers prevents proper piston ring sealing
resulting in unused fuel, gasses and particles entering the oil pan and promoting lubrication failures.
All these cause a number of outcomes:

e Major shortening of engine life, to well before planned replacement;

e Pollution — hydrocarbon aerosols both to generation worksite workers and surrounding urban
residents;

e Deposits that prematurely reduce maximum power;

e Deposits that increase engine wear;
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e A multiplication of maintenance tasks and expenses and time remedying engine problems.

Remedies to Wet Stacking

Following are the key steps in addressing wet stacking:

e Always run HSDGs with an electrical load that reaches approximately 75 percent of full load;
e Install load bank solutions, that can be either:
- Automatic auxiliary load — for a HSDG, which is the primary source of power; that engages
for light loads;
- Manual load bank — for a HSDG where different loads are switched in and out manually;
- Portable load bank — Used as part of a scheduled monthly planned maintenance, with the
generator exercised for 2 hours on a load of 25% for 30 minutes, 50% for 30 minutes and
then 75% for 60 minutes.

These procedures maintain HSDG designed operational temperatures and ensure HSDG longevity.
Automation and Synchronisation of HSDGs

The purpose of synchronising two or more electricity generators, also called paralleling generation, is
to permit the electrical coupling of the generators in order to increase the total generation capacity
on a network. This is done when either a load enters a network so that the loads become more than
the capacity currently feeding the load or when the load has to be transferred from generator to
another without interruption.

For it to be effected, two or more generators must be synchronised to the same voltage, the same
frequency and the same phase on all current phases. Figure 98, below, illustrates the basic mechanical
and electrical principles involved in synchronising two or more generators. Three different methods
can be used to achieve generator synchronisation via a synchronising panel.

The oldest method is a manual synchronisation using extinguished lamps to indicate that the phases
are aligned, and meters to match voltage and frequency. A more common manual synchronisation
method utilises a synchroscope for the synchronising of phases to control the connection.

More recently, modern automatic synchronisers perform the task more effectively, by measuring the
phase difference and use microprocessors to control and carry out the synchronisation connection.
Consequently, the process is largely automated, with human oversight providing the possibility for
manual intervention.

Automatic systems are more precise and repeatable in causing the main contacts of the breaker to
close at 0°. Human operators have the advantage of better recognising abnormal conditions and errors
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in the synchronising indications. Systems that require both an operator and an automatic synchroniser
to initiate the breaker closing take advantage of these complementary attributes.

Figure 98. Basic physical and electrical principles of parallel connected generators and matching
phase angles for synchronisation
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Source: Electrical Engineering Blog; engineering.electrical-equipment.org

Itis evident that in order to be able to effectively synchronise or parallel two or more generators, they
must share the same common load and each must be capable of modifying its rotational speed
(revolutions per minute or RPMs) either manually or by an electronic governor. Controlling the RPM
adjusts the frequency and ultimately the power output. It is also necessary to be able to change the
voltage coming out of the alternator and so match voltage amplitudes. Once the synchronisation
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procedure is completed, the generators can be electrically connected and thereon provide a common
generation to a common electrical network.

Consequently, an existing generation network can be supplemented by the addition of a synchronised
generator. This same process permits a captive generation site, through the use of synchronisation,
to add its excess local generation to a local distribution network. In such cases, export-import meters
are necessary, as well as safety and reverse power breakers.

In practice, the easiest approach is to use similar generators, or at least that their alternators, motor
speeds, load-sharing controls, and interfaces are compatible. If the generators are the same size they
can support a higher priority load in an emergency, but if they are not then the smallest sized
generator limits the maximum size priority load, unless effective protections are in place.

Ignoring such limitations can result in complex control procedures and makes manual interventions
difficult. The use of auto load sharing units can ensure proper load sharing and protect against thermal
drift, but it is wiser to minimise complexity with simpler designs.

Thermal drift is the drift in voltage, current and phase caused by internal heating of equipment during
normal operation. It can also be due to significant changes in external ambient temperature.

Advantages to implementing automation and synchronisation of HSDGs are as follows:

e Increased reliability and redundancy for both critical and non-critical loads;

e Reduced cost of power generation because generator per kW of purchase cost, rise above
600kW, due to a more competitive market for smaller versus larger engines;

e Decreased light loading of prime mover generators, i.e. load at 30%. In such a case a prime
mover is wet stacking. A smaller paralleled generator could run in its more efficient 75% to
100% zone, thereby saving fuel;

e More control and savings on generating costs as loads and generation are balanced to
different circuits;

e Parallel systems can achieve major savings when all generators are operated above 75% of
their rated load;

e The generation is continual, expandable and flexible to supplying a varying load without piling
up costly units or spending too much on a big generator whose full capacity is rarely used;

e Generators can be added gradually as demand increases;

e It permits more efficient mixed responses to loads and enables load demand operations as
part of prime power operations;

e Permits commonality and economies of smaller equipment, with respect to parts,
maintenance, design and incremental generation upgrades.

The benefit of utilising a well-designed automated and synchronised generation network is that it
provides both backup power and a variable output. It is essential to use correct paralleling switchgear
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to achieve the maximum output when the power demand is at its peak while also providing the
minimum output when the load requirements are low.

There are situations where paralleling is a challenge:

e (ritical loads like computers and communications equipment are better served by battery
backed up UPS, (Uninterruptable Power Supply) which do not interrupt supply even for a
microsecond and protect against, high voltage surges;

e The costs for power cable can be a limiting factor;

e The technical expertise required for maintaining the system is not present.

Table 70. Characteristics of automation and synchronisation

Automation - Synchronisation Characteristics
Characteristics Synchronisati Load Share Controlle Automat
on Panel Unit r (PLC) ion
Note Note Note Note
.. Hardwar HMI /
Description Hardware Hardware o SCADA
24hrs / 24hrs 24hrs 24hrs
Lif 2 2 2 2
ifespan years 0 day 0 / day 0 / day 0 / day
Per 3
CAPEX $/Unit 3,000 Generato 1,500 1,000 50 500 100 500
rs
Construction time 01 01 01 01
years
Prime-
, v v v v
Cont’ous
Peak v v v v
Mode | siandby v v v v
Blackstart v v v v
STOR v v v v

Source: Unicon
Equipment for synchronising major generators is made to be very reliable. For base load applications
where the generator is only synchronised to the system a few times a month or year, a manual
synchronising system is often the only system installed. Whereas, peaking generators that are

synchronised several times a week are best done by automatic synchronising systems.

Using automatic synchronisation limits the risks for faulty synchronisation events that can cause
cumulative mechanical damage in generators.

Upgrade Benefits
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The application of automation and synchronisation to the current HSDG generation in Somaliland, will
result in several things:

e significant augmentation in generation capacity and competency in synchronising generation;
e eliminate wet stacking;
e improve diesel fuel economies for electricity generation; and

e reduce maintenance and unit replacement costs.

This will enable lower electricity rates for residential, institutional and commercial customers and/or
improved return on investments to the owners of the ESPs.

Tables of expected outcomes from implementing effective Automation and Synchronisation within
Somaliland are shown below.

Table 71. Estimated increase in electricity generation from full synchronisation upgrade

. . Automation & | Upgrade daily diesel
Estimated current generation L
Urban Centre KWh/d Synchronisation fuel use expected at
generation kWh/d 3.8 kWh/Lt
Hargeysa 221,265 778,320 204,821
Burao 146,880 245,145 64,512
Laascaanod 73,798 103,192 27,156
Boroma 60,021 232,621 61,216
Wajaale 21,267 61,236 16,115
Dilla 216 864 227
Gabiley 23,328 55,167 14,518
Shiekh 4,714 14,782 3,890
Berbera 30,240 143,986 37,891
TOTAL kWh/d 885,841 2,638,577 694,362
Ratio improvement from synchronisation 2.98

Source: Unicon

Potential Power Plants

The field survey evaluation of electricity generation within Somaliland was conducted primarily on the
larger and some small urban centres. As has been mentioned, significant proportions of the electricity
generated within urban centres is provided by local ESPs via HSDGs.

Potential electricity generating power plants for sizeable urban centres, due to the context and
consumer mix of urban centres, permits greater flexibility, variety and sizing of generation and
distribution options whereas for rural areas the options are more constrained, by population sizes,
activities and lifestyles. Indeed, one can divide the rural context into small urban centres, pastoralist
communities and agricultural users.

©unicon

346



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

Each of these require some form of island and/or off-grid captive generation, whether it be via
standalone local community mini-grids for the small urban centres and agricultural users, or dispersed
off-grid standalone generation or even mobile off-grid electricity generation systems for the
pastoralist communities.

Larger urban centres can incorporate the use of medium voltage urban distribution networks/grids.
Potential electric power plants can be divided into three generation classes; thermal based units,
renewables based units, and hybrid based units.

Thermal based units utilise chemical energy stored within fuels to power engines, which drive an
electric generator/alternator. Two classes of thermal sources are available in Somaliland, at the
present time. One is Waste energy generation, which uses large urban waste resources and biomass
to provide heat to power electricity generation in large urban centres. These can be a useful
instrument in managing and treating significant waste at urban waste dumpsites.

The other is the use of imported fossil fuels to provide heat to power electricity generation in the
larger urban centres, fuel which is transported from the seaport.

The renewable energy resources currently available in Somaliland encompass solar PV and wind
power turbines. Options for hybrid generation in Somaliland are both flexible and diverse and reflect
growing trends in electric generation globally.

Hybrids in general mean mixed sources but within the electricity generation sector it involves the
inclusion of renewables with combinations of thermal units and/or other renewables units and can
even include energy storage via electrical or mechanical means. Actually, storage mechanisms by their
recyclable nature are renewable energy resources but not intrinsic sources. Storage can be used for
short peak generation support through to providing base-load generation support and providing
immediate support for load demand operations as part of prime power operations.

Thermal electricity generation plants

Waste Power: Waste and Biomass based generation derives thermal energy from the ongoing and
already accumulated domestic waste produced by large urban centres.

Dumpsites can provide energy in two ways; one by collecting landfill gases and the second is by
subjecting selected carbon rich waste to pyrolysis and gasification processes. The second approach is
much more energy intensive and produces significant but varying quantities of fuel for energy
generation, depending on the calorific value of the dry solid waste. This dry waste fuel is obtained by
separating out ceramics, metal, building waste and clinical waste from the waste stream.
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The treatment of dry waste involves subjecting it to gasification and pyrolysis (thermal decomposition)
to produce heat, syngas, fuel oil, CO2, methane and biochar solids and minerals. Higher pyrolysis
temperatures (gasification) produce more liquid and gas fuel components. Typical outputs can be 60%
bio-oil (a fuel oil), 20% biochar, and 20% syngas.

This method is considered a carbon negative operation and environmentally positive. The biochar
(sequestered carbon) can be used for soil amendments or landfill. Equally well, pyrolysis and
gasification approaches can be applied to sludge recovered from sewerage and biogas production, to
provide liquid and gas fuels and biochars as well. Biochars are an important ingredient of terra preta
soils, which are considered one of the best sources for soil amendments and enhancing intensive
agriculture productivity.

Internal Combustion Engines: The key feature of all these devices is that they are reciprocating engines

that operate on compression ignition (Cl) or spark ignition (Sl), of the fuel mixed with air (oxygen), and
are also called internal combustion (IC) engines. Spark ignition is used for fuels such as natural gas,
syngas, and gasoline. Cl engines use fuels such as diesel oil, fuel oil or HFO (Heavy Fuel Qil), and can
also operate on natural gas that is seeded by diesel as a pilot fuel (called dual fuel).

IC engines can have either a 2 cycle or 4 cycle stroke for the combustion process, and they are classed
according to their speed or RPM and size for operation. There are 3 speed classes:

e High speed (HSDG): are four-stroke engines run at speeds above 1,000 rpm and range from
under 10kW to 2,000kW and use diesel fuel, biofuel and sometimes fuel oil and are based on
motor vehicle engines. For Somaliland, they would run at 1,500 rpm to provide 50Hz AC
generation;

e Medium speed (MSD): are 4 stroke engines run at speeds between 400-1,000 rpm and range
from 1-10MW, have slightly higher efficiencies than HSDGs, utilise air turbo-compressors, can
use a range of fuels (diesel, crude oil, and HFO) and they are based on marine and locomotive
engines. They have a higher capital cost than HSDGs. They are often used on large ships;

e Low speed (LSD): are 2 stroke engines run at speeds under 400 rpm and use HFO, have higher
efficiencies compared to HSDG and medium speed engines, utilise air turbo-compressors,
have the highest capital cost, and range from 3-80MW. They are often the preferred large
power generation where there is a large price differential between HFO and natural gas, or
where there is no natural gas available. They are also used as drive trains for large ships.

As an aside, the largest and most efficient diesel engine in the world is the 14 cylinder, Wartsila-Sulzer
RTA96-C turbocharged two-stroke diesel engine. Each cylinder is 960 mm in diameter and the stroke
is 2.5m. Each cylinder produces 5.8 MW, with the 14 inline cylinder version being 26.59 m long, 13.52
m high, weighs 2,300 tonnes, spins at 92-102 rpm, and produces a rated 80 MW at 102 rpm.

Four-stroke, diesel fuelled Cl engines are considered the workhorse of the world, and are widely
adopted. Medium and high speed diesels are usually rated in 3 modes; Standby (less than 2hrs/day),
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Prime for varying power generation with up to 10% overload, and Continuous for base load continuous
rated operation with up to 10% overload. According to the magazine “Diesel & Gas Turbine
Worldwide”, approximately 90% of IC generator sets are diesel fuelled, while 8-10% are gas fuelled,
that some 60% are in the 500-1,000kW range and 30% are in the 1-2MW range. Approximately 95%
are high speed engines. There are numerous manufacturers of diesel, gas and dual fuel (gas + diesel)

IC engines.
Table 72. List of some major diesel engine manufacturers
Manufacturer Manufacturer Manufacturer
Caterpillar/MAK 349 Cummins Deutz Waukesha
GE Jenbacher MAN Diesel MTU Friedrichshafen
Mitsubishi Heavy Industries Niigata Rolls-Royce
Wartsila Yanmar Cummins

Source: Unicon

Diesel fuelled Cl engines are considered the most efficient simple-cycle thermal power generation
available. They also have very favourable partial loadings between 50-100% load, but below this
performance drops steeply. Emissions from Cls are a function of fuel contaminants, and inefficient
load operations. When properly operated the main concern is CO and NOx emissions, both of which
can be reduced by 90% with catalytic systems.

To visualise the efficiency in performance of different engines powering electric generators, many
manufacturers, provide efficiency performance charts that advocate their products. Unfortunately,
many efficiency performance charts comparing reciprocating engines, with other thermal generators
are prepared by these same said commercial interests and favour their reciprocating engines. In point,
within the data, different implicit assumptions are applied to favour reciprocating engines.
Consequently, we use an independent study by the CSIRO (Australia - Commonwealth Scientific and
industrial Research Organisation) as our reference and it is provided below as Figure 99. The terms
IGCC and pf are terms used for coal power plants, which can be used as a reference.

One particular feature of diesel powered reciprocating engines, is that they do not exhibit economies
of scale; in fact, smaller HSDGs are often cheaper — generator per kW purchase costs tend to rise above
600kW. The waste heat from Cl engines is not very high in temperature, so while they are suitable for
Combined Heat and Power (CHP) applications they are poorly suited for Combined Cycle (CC) for
driving auxiliary steam turbines.

In some cases, the CHP can be used to drive a low maintenance Stirling engine generator, which is a
key interest in the development of mini and micro CHP generation units.

Throughout Somaliland, urban ESPs currently make extensive use of HSDGs in the 70-700kW range for

prime power generation. As mentioned earlier, significant increases in generation from the current
existing HSDG systems can be achieved by implementing automation and synchronisation of the
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existing installations. The current generation market involves multiple ESPs, which from a generation
perspective are Independent Power Producers (IPP).

Figure 99. Efficiency of thermal plants
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A national priority in mastery and utilisation of paralleling generation will also permit incremental
generation increases and effective load demand operations for all urban ESPs nationwide, whether
via island radial distribution networks or urban distribution ring networks.

Currently there are no medium speed (MSD) or low speed (LSD) Cl powered electricity generators in
Somaliland. Many MSD and LSD engine systems are modular in design, such that components can be
easily replaced, and in some cases the number of cylinders operating can be modified. MSD generators
ranging in 2-5MW are also skid mounted and somewhat easier to mobilise. For 5SMW and larger

generators, dedicated structures are required.

An important criterion to consider when contemplating installing larger sized diesel generation such
as 3-10MW MSD generators is the technical and logistical capability of current and future ESPs to
provide or obtain the specialised maintenance required for these larger engines.

A HSDG can be started up and go to full load in 10-20 seconds, and so well suited for peak, as well as,
prime load performance while a MSD can take several minutes for the start-up and initiating full load,
and so suited for base loads and not very variable loads. MSD’s and LSDs, due to a lower revolution

speed require a larger engine and so are heavy and more expensive.
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From a current logistical perspective, either HFO, or natural gas as fuels can only be used in urban

centres located at ports. For the large inland urban centres diesel, fuel oil and possibly syngas, are the

only viable thermal fuel choice going into the near future.

Furthermore, the movement, storage and utilisation of HFO requires specialised (heated) port

handling and generation facilities. HFO fuel contains significant levels of contaminants and stricter

emission controls are being applied globally, which is making this cheap fuel less and less

advantageous and attractive for urban port power generation and commercial shipping. There are

large supplies of HFO being produced in the Middle East.

Table 73. Characteristics of different forms of Cl generation

Internal Combustion (IC) Reciprocating engines Characteristics
Fuel Type Fuel Type Fuel Type
High Speed Stroke 4 Medium Stroke 4 Low Speed Stroke 2
Descript Indicator Diesel Speed Diesel Diesel Diesel
ion Generator Diesel (Fuel Generator (Fuel Oil) Generator | HFO (Fuel
HSDG 0il) MSD LSD Oil) Diesel
HFO
Speed RPM (1,000) 1,500 400-1,000
10 1,000 3,000
Size Size range kW
2,000 10,000 80,000
. 24hrs / 24hrs /
Lifespan years 3.5 12hrs / day 9 day 18 day
CAPEX $/kw 779 923 1,200 1,664
Construction time 0.25 05 1 3
years
Fuel Fuel use Lt/kWh 0.25 0.29 0.25 0.29
Use Fuel use gm/kWh 210 240 210 240 180 240
Capacity Factor 80.0% 10.0% 90.0% 70.0% 90.0% 75.0%
Prime-Continuous v v v
Peak v NO NO
Mode Standby v NO NO
Blackstart v NO NO
STOR NO NO NO
Heat rate kJ/kWh 7,580 10,286 7,748 7,836 7,090
Perform | Heat rate Btu/kWh 7,184 9,749 7,343 7,427 6,720
ance Good-Normal
. . 47.5% 35.0% 46.5% 45.9% 50.8%
Efficiency
O&M fixed $/kW yr 10.93 9.94 9.94
o&M
O&M var $/MWh 3.48 1.99 1.99
Lubricati
Service | Lubrication cycle 05 0.5 0.5
years
Top overhaul cycle 1 3 6
yrs
Full overhaul cycle 35 9 18
yrs
A
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Internal Combustion (IC) Reciprocating engines Characteristics
Fuel Type Fuel Type Fuel Type
High Speed Stroke 4 Medium Stroke 4 Low Speed Stroke 2
Descript Indicator Diesel Speed Diesel Diesel Diesel
ion Generator Diesel (Fuel Generator (Fuel Oil) Generator HFO (Fuel
HSDG 0il) MSD LSD 0il) Diesel
HFO
Scheduled
downtime 6 6 6
days/year per unit
Replacement time 01 03 1
year
Emissions Carbon cost $/tonne 30 30 30

Table 74. Footprint of HSDG versus MSD diesel generators

Source: Unicon

Engine Prime Engine . .
Type . . Footprint Weight
RPM Rating Displacement
Medium-speed 900 rpm | 3,640 kW 222 litres 26m? 51,000 kg
Medium-speed 900 rpm 2,775 kW 175 litres 22m? 59,000 kg
High-speed 1,800 rpm | 3,000 kW 95 litres 13.5m? 25,000 kg

&unicon

Source: Unicon

Gas Turbines (SGT & CCGT): The key feature of all these devices is that they are a versatile axial turbo-
machine. They bring together air that is compressed by its compressor module, plus atomised or

gaseous fuel which are then ignited and the expanding gases pass through exhaust turbines. Like
reciprocating engines, they require initiation by a starter unit. As applied to electricity generation the
gas turbine shaft usually drives a gearbox, driving the electricity generator.

Many gas turbines are aero-derivative, making them light weight and modular in construction. There
are three key modules: compressor, combustion chamber and turbine, along with many other
components, all modular in design. This enables for easy replacement of components and
modifications. Gas turbines for electricity generation can range in size from 50kW to more than
200MW.

Newer designs split the compressor and turbine modules into sub-modules; a low pressure module
compressor (LPC), and a high pressure module (HPC) plus equivalent high and low pressure turbine
modules (LPT and HPT). The LPC/LPT operate on one long shaft at the same speed. The HPC/HPT
operate on a shorter shaft that fits around and is concentric to the low pressure shaft, and runs at a
higher speed than the low pressure module, or as separate shafts.

Simple cycle gas turbines (SGT) are usually considered less efficient than Diesel fuelled, Cl engines,

and more frequently destined for larger generation systems to obtain the best efficiencies. However,
some newer gas turbines (Aurelia A 400-450) in the 400-450kW range, NgGT, are more efficient than
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natural gas fuelled reciprocating engines (ICs) and comparable to diesel MSDs in efficiency, with much
better partial load performance. In fact they provide almost flat partial load performance efficiencies
from 100% load down to 37% partial load. Figure 101, below, shows the performance characteristics
of these NgGTs with respect to other gas fuelled drivers for electricity generation.

Multiple fuels can be used in gas turbines, but like MSD and LSD systems, different fuel types require
customised fuel delivery systems. For example, gas turbines require varying combustor residence
times. However, most original equipment manufacturers have standard fuel systems for natural gas,
syngas, liquid fuel (such as LNG or diesel), dual fuel (gas or liquid) and in the case of Rolls Royce, bi-
fuel (both gas and liquid at the same time). Both gases and diesel are considered excellent fuels for

gas turbines.

Gas turbine hot exhausts can be used to also provide steam for steam turbines (ST) to produce
Combined Cycle Gas Turbine (CCGT) generation plants, which result in higher thermal efficiencies. The
steam is produced by a Heat Recovery Steam Generator (HRSG), which drives a steam turbine, as a
form of cogeneration. The steam turbine can be either on the same shaft as the gas turbine or a
separate shaft. Figure 100, below, illustrates the principle behind the two main classes of CCGT

generation plants; single and multi-shaft turbines.

Figure 100. Single and multi-shaft physical layouts for CCGT power generation
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HFO can also be used in gas turbines, but salts and vanadium contaminants in HFO require a
combination of fuel additives, de-rated operations and that the turbine be washed every 100-120
hours. Pulverised coal can also be used but it is notably corrosive in the turbine.
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Figure 101. Performance of new generation (Aurelia) dual axis gas turbines (NgGT) compared to
gas IC engines and micro gas turbines
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Gas turbines are well suited for peak generation as they have fast start up times, whereas CCGT are
operated as base-load generators due to the ongoing steam generation. The advantage of multi shaft
CCGT systems is certain GT units can be targeted for peak generation whilst others can be for CCGT.
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However, some newer gas turbines (Aurelia A 400-450), NgGT, in the 400-450kW range are more
efficient than natural gas fuelled reciprocating engines and comparable to diesel MSDs in efficiency.

Currently there are no SGT or CCGT powered electricity generators in Somaliland. An important
criterion to consider, when contemplating the installation of SGT or CCGT is whether there is the
technical and logistical capability within current and future ESPs to master and carry out the new type
of maintenance tasks required for these engines.

From a current logistical perspective natural gas (LNG/CNG), as a fuel can only be used in urban centres
located at ports. For the large inland urban centres diesel is a very viable thermal fuel choice for SGT
or CCGT going into the near future, especially with new generation high efficiency gas turbines.

The movement, storage and utilisation of natural gas (LNG or CNG) require specialised port handling
and storage facilities. Natural gas is the cleanest fossil fuel and there are large supplies of natural gas

being produced in the Middle East.

Table 75. Characteristics of different forms of SGT and CCGT generation

Gas Turbines Characteristics
Fuel Type / Fuel Type / Fuel Type /
Stroke - C Stroke - C Stroke - C
New
" . Traditional | Natural gas, | Combined | Natural gas, class Natural gas,
Description Indicator
small Gas Syngas Cycle Gas Syngas small Syngas
Turbine (Diesel, Fuel Turbine (Diesel, Fuel Gas (Diesel, Fuel
SCGT 0il) CCGT 0il) Turbine 0il)
AGT
Speed RPM 25,500 6,000 9,000 ?7?
1,000 50,000 400
Size Size range kW
10,000 500,000 450
Lifespan years 30 24hrs / day 30 24hrs / day 30 24hrs / day
CAPEX $/kW 640 1,040 850
Ccfnstructlon ) ) 3 1
time years
Fuel use
Fuel Use FL:QT‘LVSZ
gm/kWh 230 331 118 172 185
NG Btu/kg 46,053
Capacity 90.0% 10.0% 90.0% 70.0% 90.0% 40.0%
Factor
Prime-
. v v v
Continuous
Peak v v v
Mode Standby v v v
Blackstart NO NO NO
STOR NO NO NO
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Gas Turbines Characteristics
Fuel Type / Fuel Type / Fuel Type /
Stroke - C Stroke - C Stroke - C
New
e . Traditional | Natural gas, | Combined | Natural gas, class Natural gas,
Description Indicator
small Gas Syngas Cycle Gas Syngas small Syngas
Turbine (Diesel, Fuel Turbine (Diesel, Fuel Gas (Diesel, Fuel
SCGT oil) CCGT 0il) Turbine oil)
AGT
Heat rate
kI/kWh 11,188 16,060 5,714 8,372 9,000
Heat rate
Performance Btu/kWh 10,605 15,222 5,416 7,935 8,530
Good-Low
. . 32.2% 22.4% 63.0% 43.0% 40.0%
Efficiency
O&M fixed 17.39 6.76 17.39
$/kW yr
0&M O&M var
$/MWh 3.48 10.63 3.48
Inspection 0.9 0.9 0.9
cycle years
Turbine 2.7 2.7 2.7
overhaul yrs
Major 5.4 5.4 5.4
overhaul yrs
Service Full overhaul 30 30 30
cycle yrs
Scheduled
downtime 7 7 7
days/year per
unit
Re!olacement 05 1 0.25
time year
Emissions
Carbon cost 30 30 30
$/tonne

Source: Unicon

Renewables electricity generation plants

Solar PV: The key feature of solar PV is that amongst all the electricity generation modalities, it does
not require moving components or electro-mechanical (rotating) generators. It can be mounted to
track the sun or, as is more common, mounted on fixed arrays oriented at the optimal position in the
sky to capture sunlight through a daylight cycle. It is a technology that utilises the largest continuous

energy resource on earth and most equipment that use it are nearly always based on modular
components that are easy to replace or upgrade.

Current commercial solar PV panels are mostly silicon mono-crystalline or poly-crystalline modules
with sunlight conversion efficiencies ranging from 15-17%, followed by thin film CdTe solar panels
ranging 13-14%. There are recent claims by PV firm solar Frontier, that they can produce a 30%
efficient thin film CIGS (Copper Indium Gallium Selenide) cell.
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Solar PV generation is very well suited to size scaling from small standalone user generation to solar
PV farms. As a consequence, it is applicable as a power source for powering and charging small devices
in isolated locations (lights, pumps or telephone) through to a large electricity power plant, or solar
PV park/farm. At present the largest global solar PV plant is the 850MW (4 million panels) Longyangxia
Dam Solar Park in the Tibetan Plateau of China.

Panels are robust and lifespans are now considered close to 100 years if kept clean. Solar PV
performance is diminished by 0.4% per degree Crise in module temperatures above 25°C, so modules
at 65°C are only 80% effective.

Applications for solar PV electricity generation target two primary sectors — geographic regions that
are remote, and regions that possess reliable and high solar irradiation. Remote location use of solar
PV is done without or with batteries to ensure an electricity supply for a particular service or activity.
Examples of the first are solar powered water pumps, while for the second are illumination,
communications and monitoring equipment.

Regions of reliable solar irradiation are used for electricity power generation through solar parks,
which are added to an electricity distribution network through the use of grid-tied inverters and have
no storage. These systems are grid following anti-island protected generation that provides power to
the floating daytime electricity load on a network. No batteries are used. This is the most common
and cheapest form of solar PV electricity generation and is utilised to provide extra generation during
peak daylight hours and reduce fuel costs on thermal generation. Alone it is a non-dispatchable
generation source.

Grid tied solar PV parks target primarily daylight commercial, industrial and institutional consumers,
i.e. economic work and production. In highly developed economies, grid tied solar PV targets
reductions in fossil fuel use and is a replacement technology, whereas in developing economies it is a
key instrument for raising the electrical energy utilisation for productive work and economic growth,
while reducing expenses on fossil fuels and rotating generation.

The degree of penetration that grid tied solar PV can have in a network is limited by a combination of
the daylight hours and the distributions networks ability to manage variable loads and generation. It
is generally considered that purely grid tied solar PV can easily provide 25% of electricity generation
in a distribution network: i.e. 25% solar PV penetration during daylight hours.

Solar PV is also implemented with electricity storage. The most common form of storage associated
with solar PV is electrochemical batteries in combination with two-way battery charger/inverters. The
purpose of the batteries or storage is to store excess generation and provide electrical energy when
there is insufficient solar PV irradiation or other generation to power the load demand.

Solar PV battery generation can occur either as supplemental generation via battery inverters during
daylight hours for peak or varying load demands or to power nocturnal electricity load demands. This
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is the basis for off-grid—standalone-captive generation solar PV generation. Such systems are well

suited for remote 24/7 electricity generation. Currently there are several large grid tied solar PV

powered electricity generators in Somaliland. These are owned and operated by several ESPs that also
own HSDG generation sites. Solar PV systems are modular and their operational and economic success
locally has provoked other ESPs to plan their own grid tied solar PV generation sites.

The modular nature of solar PV makes implementation and construction quite easy and quick, and
requires les maintenance and operation than HSDGs. The technical and logistical capability within
current and future ESPs to learn and carry out the maintenance tasks required for solar PV generators

is growing and succeeding.

Table 76. Characteristics of grid tied solar PV generation

Fuel Type/ Fuel Type/
Stroke - Solar Stroke - Solar
Description Indicator Solar PV Day Grid Inverter Day
array Sunlight on
DC from Panels
Solar Panels
1 1
Size Size range kW
100,000 500
Lifespan years 30+ 8hrs / day 20 8hrs / day
CAPEX $/kW range 610 400 1,200 390
Construction time years 0.2 2 0.1 0.33
Fuel use Lt/kWh 0 0
Fuel Use
Fuel use gm/kWh 0 0
Capacity Factor 30.0% 15.0%
Prime-Continuous floating v v
Peak NO NO
Mode
Standby NO NO
Blackstart NO NO
STOR NO NO
Performance Good-Low Efficiency 21.0% 14.0% 97.0% 85.0%
O&M fixed $/kW yr 23.4 in the PV
o&M
0&M var $/MWh 0
Clean cycle years 0.1 0.1
Main maintenance yrs 1 0.5
Full overhaul cycle yrs 30+ 20
Service
Scheduled downtime
. 2 2
days/year per unit
Replacement time year 0.1 1 0.1
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Fuel Type/ Fuel Type/
Stroke - Solar Stroke - Solar
Description Indicator Solar PV Day Grid Inverter Day
array Sunlight on
] DC from Panels
Solar Panels
Emissions Carbon cost $/tonne 0 0

Source: Unicon

Wind: A key feature of wind power is a modular electromechanical generator that can be implemented
singularly or in arrays to form wind farms. It is scalable and once properly commissioned is a reliable
24/7 electricity generation source, albeit changeable due to wind variability. It tracks changes in wind
direction, and commercial installations are placed 30+m above the ground to obtain more reliable
wind and avoid most windblown dust and sand.

Itis a technology that utilises one of the largest renewable energy resources on earth (wind) and much
of the equipment is based on modular components that are easy to replace. It directly converts wind
kinetic energy (wind speed cubed) into electricity and most systems are horizontal axis nacelle
mounted on propeller type rotors.

Small standalone systems can range from 3+m diameter rotors on 8-15m masts for small uses up to
50kW to commercial applications that include both onshore and offshore wind farms which utilise
rotors and generators mounted on nacelles, 30 to 130m above the ground or sea, that generate from
100kW to 6,000kW each. Figure 102, below, illustrates the physical scale of different sized wind
turbines used within the wind power generation industry. Within Somaliland, the current wind
turbines installed are similar in size to 25kW turbines, 18m high with 10m diameter rotors (UMass)
and 275kW turbines, that are 30m high with 25m diameter rotors (Mt Tom).

Within the Horn of Africa region, current Wind power farms, such as placed in Ethiopia, already include
500kW/50m towers and 1.5MW/60m towers. In point of fact, Ethiopia has undertaken plans to
implement 5.2GW of wind power generation by the end of 2020; of which 324MW is already in
operation, and another 700MW is currently under development.

Key components of wind power electricity generation are the rotors, nacelle, nacelle components, the
mast, power control and communications box, plus the foundation and MV transformer grid
connection. Images of the sizes, comparisons and siting of components in a wind turbine generator
are shown below.

Wind resources are often characterised by power density classes, which range from 1-7, with 4-7
considered economic. Classes are also linked to height above ground, as proximity to the ground
reduces wind speeds and constancy. Much of the cost of wind power (some 80%) is in the actual
machinery, versus site preparation. The site can be concurrently used for animal grazing and even
ground level agriculture if well managed.
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Figure 102. Wind turbines size comparisons (Somaliland systems = 22kW)
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Source: Unicon-reconstructed
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Figure 103. Wind Turbine traditional nacelle and site components
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Two types of rotor transmissions are used; the traditional uses a gearbox requiring oiling and biannual
maintenance and the newer approach of direct drive, which has no gearbox and has much simpler
mechanical maintenance, lower speeds and longer lifespans. This latter approach uses more elaborate
electronics to produce a stable power output from a varying turbine speed rather than a gearbox.

Figure 104. Wind Turbine newer type direct drive components
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Table 77. Wind classes for wind power (values of class 4 and plus are considered economically

good)
Height above ground
10 m (33 ft) 30 m (98 ft) 50 m (164 ft)
Wind Class Wind i
Wind power density Speed m/s power Speed m/s e p?wer Speed m/s
. density
(W/m2) (mph) density (mph) (W/m2) (mph)
(W/m2)
0-4.4 0-160 0-5.1 0-200 0-5.6
1 0-100
(0-9.8) (0-11.4) (0-12.5)
44-5.1 160 - 240 5.1-5.9 200 - 300 5.6-6.4
2 100 - 150
(9.8-11.5) (11.4-13.2) (12.5 - 14.3)
5.1-5.6 240 - 320 59-6.5 300 - 400 6.4-7.0
3 150 - 200
(11.5-12.5) (13.2-14.6) (14.3-15.7)
5.6-6.0 320-400 6.5-7.0 400 - 500 7.0-7.5
4 200 - 250
(12.5-13.4) (14.6 - 15.7) (15.7 - 16.8)
6.0-6.4 400 - 480 7.0-74 500 - 600 7.5-8.0
5 250 - 300
(13.4-14.3) (15.7 - 16.6) (16.8 - 17.9)
6.4-7.0 480 - 640 7.4-8.2 600 - 800 8.0-8.8
6 300 - 400
(14.3-15.7) (16.6 - 18.3) (17.9-19.7)
7.0-9.4 640 - 1600 8.2-11.0 800 — 2,000 8.8-11.9
7 400 - 1,000
(15.7 - 21.1) (18.3-24.7) (19.7 - 26.6

Source: Unicon

Applications for wind power electricity generation target two primary sectors: geographic regions that
are remote that have reliable wind, and regions that possess reliable and high wind speeds for wind
farms. Remote location use of wind power is usually done with battery storage to ensure an electricity
supply for a particular service or activity. Examples are wind powered electric water pumps and
isolated mini-grids for machinery and equipment.

Regions of reliable strong wind are also used for electricity power generation wind farms, which are
added to an electricity distribution network through the use of transformers and have no storage.
These systems are anti-islanding protected grid generation that provides power to the floating
daytime electricity load on a network. Alone it is a non-dispatchable generation source.

The performance of a wind turbine is also a function of its efficiency number, which varies with wind
speed and consequently has a "design point" where its peak efficiency is set to a wind speed for which
the system is designed. Operations in wind speeds above and below the design speed mean efficiency
will be the same or less.

Wind farms are the most common of the new renewables generating electricity for power grids and
its capacity to penetrate a power grid is limited by a network’s ability to manage variable loads and
generation. Denmark in 2015 obtained 40% of its national electricity from wind power, while Europe-
wide 11.4% of electricity came from wind. Wind turbines can be installed on land, many times on

&unicon
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elevated terrain, but as much of the excellent wind prospects are on shorelines and the sea, more and
more installations are being installed offshore.

Figure 105. Wind power configurations (onshore and offshore)
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Source: Unicon-reconstructed

Wind farms generate 24/7 and tend to complement solar PV, as high meteorological pressure brings
clear skies and low wind, while low pressures bring winds and clouds. With numerous dispersed wind
turbines, the variable output from a single turbine due to local wind speeds is cancelled out by the
dispersed generation, which becomes less variable and more predictable.

Consequently, wind farm power like solar PV hardly ever suffers major technical failures, since the
failure of an individual wind turbine has hardly any effect in dispersed overall power, whereas
conventional centralised generator units, while far less variable, can suffer major unpredictable
outages.

Wind power complements greater technical integration and decentralisation in electricity generation.
It targets quality of life and econo-technical integration. In highly developed economies, wind power
targets reductions in fossil fuel use and is a replacement technology, whereas in developing economies
it is a key instrument for raising the electrical energy utilisation for quality of life, econo-technical
integration and economic growth, while reducing expenses on fossil fuels and rotating generation.
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Wind power applications can also be implemented with electricity storage (hybrid). Two approaches
have been proposed: one being proposed by some OEMs involves the implementation of shared
battery storage for several wind turbines near the masts (local hybrid). The other is the creation of
larger central UPS that store excess generation from a network and provides distribution network level
fast peak response and automated load demand management (hybrid network).

At a small single unit level, wind-battery hybrid generation uses a supplemental generation via battery
inverters during operations to support variable wind generation and varying load demands. Such
systems are well suited as part of hybrid generation for remote electricity delivery in windy areas.

Currently there are two non-operational grid tied wind generation sites, in Somaliland, with 3x22kW
rated wind turbines potentially available.

The necessary technical expertise to install and operate and maintain widespread commercial wind
turbine generation has not been established in Somaliland. This is an important criterion to consider

when contemplating the installation of wind power.

Table 78. Characteristics of wind generation

Fuel Type / Fuel Type /
Stroke 24hrs Stroke 24hrs
Description Indicator Land Regular 6+ Marine Regular 6+
Wind m/s strong Wind m/s strong
Turbine wind Turbine wind
10 500
Size Size range kW
3,000 6,000
Lifespan years 25 24hrs / day 25 24hrs / day
CAPEX S$/kw 1,560 1,370 4,650 3,950
Construction time years 0.25 0.5 0.25 1
Fuel use Lt/kWh 0 0
Fuel Use
Fuel use gm/kWh 0 0
Capacity Factor 50.0% 30.0% 60.0% 45.0%
Prime-Continuous floating v v
Peak NO NO
Mode
Standby NO NO
Blackstart NO NO
STOR NO NO
Performance | Good-Low Efficiency 40.0% 30.0% 40.0% 30.0%
o&M O&M fixed $/kW yr 46.71 100

©unicon

365



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

Fuel Type / Fuel Type /
Stroke 24hrs Stroke 24hrs
Description Indicator Land Regular 6+ Marine Regular 6+
Wind m/s strong Wind m/s strong
Turbine wind Turbine wind
O&M var $/MWh 0 0
Main maintenance yrs 0.5 0.5
Full overhaul cycle yrs 25 25
Scheduled downtime days/year per 10 10
unit
Replacement time year 0.25 0.5 0.25 0.5
Emissions Carbon cost $/tonne 0 0

Source: Unicon

Storage: a key feature of storage is that it can provide highly effective variable dispatchable sources
of electricity for load demands. It is often very scalable and can be based on either electrochemical,
capacitive, thermal or mechanical storage mechanisms. Storage systems do not operate in isolation
but rather are adjunct to hybrid systems. The primary use of storage is to provide dispatchable and
scalable energy that can be converted into electricity.

Electrochemical and super-capacitive storage is modular, transportable, scalable and usually
assembled into banks of storage cells. Such banks are used widely in electricity applications and more
frequently in electric power generation applications as their lifespans and capacities have risen, whilst
their costs dropped.

Super-capacitive storage does not offer significant storage capacities, but it does offer rapid short-
term responsiveness for large surge loads, long lifespans, low maintenance and good resilience to
temperature variations.

Electrochemical storage (batteries) provides much improved electricity storage compared to super-
capacitors and are more economic in cost. As part of electric power generation, battery bank lifespans
depend on their composition, load/charge cycling, the stability of operating temperatures and how
well they are reconditioned and maintained for discharging and charging throughout their service life.
Both PbA and Li based battery banks in most real life operations offer lifespans in the order of 10 years
but can be better.

Battery storage offers both important storage capacities, along with rapid responsiveness for large
surge loads, especially when arranged in parallel. They also have moderate lifespans, moderate
maintenance, are scalable and are on the whole easily transported. Lead based batteries are 100%
recyclable while current lithium-ion based batteries are not recyclable. Battery technologies currently
widely used in the electric power generation industry include the lead acid battery (PbA), which is well
established but heavy and a less dense storage technology, with higher internal resistance compared
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to Li based batteries. Comparatively PbA is Capex cheaper compared to the newer Lithium-ion (Li-ion)
battery.

Traditional PbA are operated with a DoD (depth of discharge) of 30-50%, as exceeding 50%, results in
significant drops in PbA lifespans. There are liquid filled and gel versions, with the liquid filled having
longer lifespans and lower capital costs but more maintenance needs for lifespan support. BMS for
PbA is fairly straight forward compared to Li based batteries.

The Li-ion is a high capacity battery that is operated using 80% DoD, with approximately three to four
times the energy storage, 1/3 the weight and half the volume but costs four times traditional PbA. Li-
ion performance is less temperature sensitive than PbA, but is often destructively reactive to elevated
temperatures or rupture (thermal runaway). Figure 106, below, illustrates the key characteristics
considered in deciding on Battery solutions: comparisons between energy density and lifecycle costs
for the various major technologies. The most notable of which are PbA and Li-ion.

Figure 106. Comparisons of PbA and Li-ion Energy density and total lifecycle
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Total Lifecycle Cost

LA Flooded (Budget)
LA Flooded (Standard)

LA Flooded (Premium)

VRLA Gel
Lithium-ion
$0.00 $0.10 $0.20 $0.30 $0.40 $0.50 $0.60 $0.70

S/kWh
Source: Unicon-reconstructed

In addition, Li-lon in order to prevent over discharging and charging, plus thermal decomposition
require an excellent BMS. Li-ion batteries are easier to transport. Newer LiFe and LINMC batteries are
more expensive, last longer than Li-ion, and do not have the same destructive reactivity of Li-ion
batteries.

There is also a new PbA based hybrid capacitor technology entering the market, that suggests a two
to four times longer life spans, low cost, 100% recyclable and 80% DoD characteristics (Ecoult-
Ultrabattery). It has been developed for various applications including grid UPS, electric vehicles,
motor vehicles and renewable hybrid systems. These too are managed by an advanced BMS and are
100% recyclable.

Another form of electrochemical electricity storage is also in the market, called flow batteries. These
use the storage of charged and discharged electrolytes, which flow through a battery cell system.
These are still very much in development for wider commercial markets and will not be expounded
upon here.

Mechanical: Mechanical storage involves the storage of potential energy, which is then used to drive
turbines to produce electricity. Two main forms of mechanical storage are primarily available for
electricity generation. One is pumped hydro-storage, traditionally used for storing large energy
reserves, providing 100’s MW to even GW level generation as part of a hydroelectric generation
networks, which provide highly responsive peak, base-load and surge electricity generation.

More recently the use of pumped hydro is viewed as a very effective form of large energy storage for
hybrid generation systems where geography permits their construction. Efficiency of pumped hydro
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as a form of energy is 75-80%, with service lifespans of 60+ years. Its vulnerability is the need for
geographic locations with rapid vertical changes in altitude and sufficient water resources to maintain
the fixed upper and lower reservoirs and the replacement of lost water due to evaporation.

Figure 107. Forms of pumped hydro (PH) for energy storage in hybrid systems (fresh and marine)
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Source: Energy Australia Spencer Gulf project, Unicon-reconstructed

Another form of energy storage for generation is via Compressed Air Energy Storage (CAES). This is an
emerging technology, which offers significant benefits in efficiency, longevity, modular applications,
scalability, resistance to temperature changes and transportability. Like batteries it can be situated at
the locations where it is required, and the compressed air turbines response times for generation to
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load demands is comparable to the fast peak load matching offered by hydroelectric generation. CAES
systems offer efficiencies in the order of 60-70%, with lifespan expectancies of 20+ years.

Including batteries or mechanical storage in electricity generation takes the place of the chemical
energy stored in thermal fuels that power thermal generators. Consequently, storage permits
independent load demand operations, which can range from:

e independent standalone extended operations;

e provide base-load generation through grid inverters or storage driven generators;

e provide floating generation through grid inverters or storage driven generators to support a
varying load;

e provide for peak load demands;

e |oad demand replacement when renewables or thermal generation exceeds loads;

e rapid grid fault or peak demand responses, by storage systems preserve electricity generation
(network frequency and voltage) when thermal or rotating generation trips off network; and

e high speed (millisecond) grid fault responses, by battery storage with grid inverters, preserves
electricity generation (network frequency and voltage) when any generation trips off. Grid
level UPS.

In fact, battery and storage in general is not just about extending or back stopping the variability of
renewable energy generation, it provides reliable power networks in a hybrid generation network.

Energy and electricity storage is a catalyst for greater technical integration and decentralisation in
electricity generation. It targets quality of life and econo-technical integration. In highly developed
economies storage is for enhancing robustness in electricity generation networks.

In developing economies, it is a key instrument for raising the reliability of access to electrical energy
as part of improving the quality of life, reducing rural flight and powering productive activities in both
urban and rural communities. It enhances econo-technical integration and economic growth, while
reducing fossil fuel costs and rotating generation.

Figure 108 below is a graph showing an example of how battery storage used as a network UPS
maintains an electricity network’s functional integrity. Table 79 presents the characteristics for
Storage modalities.
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Figure 108. Example of renewables powered battery storage UPS (HPR=100MW/129MWh)
preserving an electrical networks integrity when any form of generation goes down
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Table 79. Characteristics of battery and storage

Size
kw 3,000 100,000 1,000,000
Lifespan 10 24hrs / 10 24hrs / day 80+ 24hrs /
years day day
CAPEX
S /KW 550 2,000 2,550
Constructi
on time 0.5 0.5 2.5 0.5
years
Fuel use
0 0 0

Fuel Use EL/:l\ﬁTe
gm/kWh 0 0 0
Increase in
Load 35.0% 35.0%
served
Capacity

90.0% 50.0%
Factor
Prime-
Continuou NO NO v
Mode >

Peak v v V4
Standby v v v
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Fu/ell)"I;pre Fuel Type / DoD Fu/ell)z)pe
50% L5 100%
sl Indicator Pb A Li-lon Simultaneous
battery Liquid battery Pumped Hydro
filled or Gel Water
Gel
Blackstart v v v
STOR v v v
Perf:;ma" Efficiency | 85.0% 99.0% 80.0% 75.0%
O&Miixed | ;g 60.0 25.5
S/KW yr
Oo&M
O&M var 0 0 0
S/MWh
Main
maintenan 0.5 0.5 0.5
ceyrs
Full
overhaul 10 10 80+
cycle yrs
Scheduled
downtime 0 0 0
days/year
per unit
Replaceme
nt time 0.25 0.25 0.5
year
Emissions
Carbon 0 0 0
cost
S/tonne

Source: Unicon

Thermal storage: This field has been the subject of extensive research and pilot plants, but to date its

applications are more towards heat sources for Air conditioning, climate control and industrial uses of
heat rather than electricity generation. It is a key element of CHP but in CHP the heat is used primarily
as part of captive generation situations.

The eventual commercialisation of concentrated solar thermal offers applications for this modality in
providing nocturnal electricity generation. Currently it is not commercially part of electricity
generation and not expected to be used in Somaliland, for urban electricity generation in the coming

years.

Hybrid Electricity Generation Plants

The principal goal of hybrid electricity generation systems is to create a collective of electricity
generation systems that are complementary. The term in regard to thermal electricity generation
plants refers to different applications of Combined Heat and Power (CHP) where usable waste heat is
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used as heat for economic processes, whether to produce further electricity generation or productive
activities. One such example is the CCGT systems already mentioned.

In terms of renewables based electricity generation, hybrid electricity generation is where two or
more renewable energy sources are combined to provide daily and seasonal generation
complementarity. The combination should also provide for diversity and redundancy in reducing
power outage risks. It also permits load sharing and incremental increases in generation capacity and
future additions, due to modular components and designs.

As a concept, hybrid generation is well suited to both standalone captive generation and the
integration of different synchronised generation sources into a common distribution grid/network. It
is essential that any hybrid system:

e incorporates the coordination and prioritisation of the different energy sources through the
management of AC and DC electricity generation;

e accepts electricity from the different generating units;

e monitors and updates the status of energy/electricity storage;

e prevents over storage and shunts excess electricity to suitable loads or arrests generation.

Figure 109. Hybrid thermal + renewables electricity power generation schematic
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Thermal HSDG + grid tied solar PV: The current electrical generation context of multiple or single ESPs

in each major urban centre, with their own captive customers and distribution network imposes a
limit on how effectively an ESP can expand its generation towards a customer base and market share,
when it must also create a distribution network for future customers.

Current thermal HSDG generation in hybrid combination with some grid tied solar PV is the current
dominant form of operative hybrid electricity generation in the mandated region. The current ESPs
using grid tied solar PV have successfully shown some success, in solar PV suitable regions. Their peers
and competitive ESPs are now planning to implement solar PV as part of their daytime generation.

Clearly, the fuel savings have been identified and more of the same seems the easiest way forward,
towards increasing the level of solar PV generation in Somaliland, where solar PV generation is
suitable.

Grid tied solar PV, on technical grounds, can be easily increased to 20-25% of total daylight electrical
energy generation for each of the current ESPs, situated in solar PV suitable areas, without difficulties.
Upgrading of generation with renewables can immediately relieve fuel costs, while enhancing the
availability of existing HSDGs to provide for varying and peak load demands. A 20-25 % penetration by
solar PV will be easy to sustain and maintain with upgrades in generation and training within each ESP,
particularly since solar PV systems are modular and easy to upscale as urban electricity demands grow
for each of the ESPs.

This combination of a floating renewables daylight load of 20-25% will permit HSDGs to easily operate
in their peak fuel efficient 75-80% load zone and be able to provide 100% if needed on short notice.
In effect, a network that has 100-125% of its potential daytime load assured by thermal + solar PV
generation and 20-25% of its daytime load demand assured by renewables.

Somaliland all has excellent solar PV irradiation. In addition, this modality is applicable for nearly all
urban centres in the country.

Solid waste thermal generation + HSDG + gas turbines + solar PV: The pyrolysis treatment of carbon

rich solid urban waste in the major urban centres will significantly reduce landfill at the urban
dumpsites and produce electricity from syngas, fuel oil and land fill from biochar. The fuel oil can
power parallel HSDGs, a MSD or even new generation High Efficiency Small Gas Turbines (HEGT 400-
450kW) to produce electricity generation. Syngas gas also can power HEGT or even IC engines
designed for syngas fuel.

Such a waste and biomass fuelled thermal generation plant can also be augmented with at least 20-
25% of daytime electricity generation by grid tied solar PV generation. The solar PV would preserve
fuel oil and syngas for nocturnal generation and prolong the lifespans of the HSDGs. In addition, if
HEGT are used then mixed combined cycle steam generation can be produced for electricity

generation and/or the CHP can assist in the pyrolysis processing.
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The biochar can be useful as an inert landfill, soil amendment for agricultural activity or as a
replacement for charcoal to reduce deforestation, while forests are being re-established. It is a key
ingredient for terra preta, a highly regarded soil amendment for market gardens and agricultural
remediation.

Thermal HSDG + wind power + grid tied solar PV where suitable: The addition of wind turbines to ESPs

in areas of good wind, offers significant reductions in 24/7 diesel use. Many locations in Somaliland
that have good wind are also recipients of good solar irradiation. Wind generation can easily provide
30% (even 50%) of average 24/7 generation in good wind areas. Wind capacity factors are usually
rated at 30-50% in good wind areas.

Combining two renewable and one thermal electricity generation as a modality will result in significant
savings on HSDG fuel use, optimise HSDG performance to peak load demands and maintain a low
base-load, with a reliable renewables powered floating load. The combination of a floating renewables
daylight load of 40-50% will permit HSDGs to still operate in their fuel efficient 50-80% load zone and
be able to provide 100% if needed on short notice. In effect, such a network would have 100-150% of
its potential load assured by thermal + renewables generation and 40-50% of its load demand assured
by renewables.

Thermal HSDG + wind power + grid tied solar PV + batteries: The addition of battery storage and UPS,

plus wind turbines and solar PV to ESPs in areas of good wind, offers significant reductions in 24/7
diesel use. The capacity of electrical energy from batteries to power short-term fast UPS generation
for an ESP reduces the need for spare HSDGs to be maintained in rolling operation.

A battery bank UPS can easily provide 500-1,000kW for more than several minutes while a HSDG is
started up or battery charging inverters/rectifiers can utilise excess generation on the network for
storage. Such combinations permit wind generation and solar PV to provide at least 50-60%, or
occasionally more, of average 24/7 generation in good winds.

Wind power + pumped hydro + grid tied solar PV: The combination of wind power, solar PV and

simultaneous pumped hydro (SPH) offers the potential for 100% renewables generation for
geographically suitable locations. The use of pumped hydroelectric generation is totally dependent on
suitable geologic and geographic locations that enable the implementation of vertical infrastructure,
upper and lower reservoirs, and optimally, proximity to urban centres that can benefit from a
renewables powered base-load, floating load and peak loads. In such a situation the pumped hydro
provides both for a low base load and peak load demands, while variable wind and daylight solar PV
provide for the varying loads and charging for the pumped hydroelectric.

Such systems require simultaneous hydroelectric generation and pumped hydroelectric, in contrast

to traditional pumped hydroelectric generation. Traditionally, Francis turbines provide both for the
generation or the needed pumping for storage of excess network generation for later use at peak
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demand loads. Simultaneous pumped hydroelectric (SPH) systems convert variable electricity
generation into reliable generation that can not only assist in meeting base and peak loads but can
also be a Short Term Operating Reserve (STOR), providing fast response to short-term rapid changes
in power demand or sudden loss of power generation.

The efficiency on pumped hydroelectric generation is usually in the 75-80% range. That is, for every
100 units of electricity used to pump water to the upper storage reservoir, 75-80 units of electricity
are produced in hydroelectric generation. Already, traditional pumped hydro (PH) permits the storage
of large amount of energy for dynamic multi MW extended operations to even GW peak generation
in some countries.

Due to the elevated levels of evaporation found in Somaliland, and such similar countries, the
reservoirs should be covered with solar PV to provide both daytime generation for electricity
generation pumping and eliminate more than 90% of the evaporation from the reservoirs. Reduced
evaporative losses can be easily replaced either by using reserve reservoirs, ground water pumping or
fully treated water effluent from urban liquid waste outputs or a combination of all.

The use of SPH generation permits incremental concurrent expansion of generation and pumping.
Increases in reservoir storage can also be carried out, as the system becomes a large electricity storage
battery.

Potential applications of SPH generation have been identified in the Ogo mountains of Somaliland. An
important variation on SPH generation is marine pumped hydroelectric generation (SMPH).

Another potential implementation of SPH generation is in integration with marine desalination as part
of the distribution of fresh water supplies to multiple urban centres and electricity generation for

same said communities.

Hybrid rural electricity generation for remote rural areas: For remote and isolated communities the

transport of fossil fuels is often a significant problem for providing reliable electricity generation via
thermal generation units. For the less remote urban centres, a better solution resides in the
application of hybrid HSDG combinations with modular units of solar PV + battery for daytime

generation and limited nocturnal electricity generation.

The performance context for hybrids of synchronised HSDG and renewable generation are illustrated
below in Figure 110; which is further illustrated in Table 80 with more detailed options; for a
normalised HSDG hybrid generic rural electrification generation site with high demands.

Figure 110 llustrates the efficient (blue) and wasteful (green) operation zones of HSDGs and the range
over which Renewable (REN) generation, with battery storage inverter generation, can be combined
with a HSDG to form hybrid systems. From Figure 110 it can be deduced that the goal of REN is to
reduce fuel, pollution, operation and maintenance costs by keeping the HSDG near 70%. Plus these
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permit elevated delivery of available electricity for productive activities during daylight, and replace
HSDG where it is inefficient. Additionally, it provides reserve electrical power for low or excessive
demands and emergency power when HSDGs fail to operate.

Figure 110. Benefits of hybrids and synchronisation for HSDG hybrid options for a generic rural
electrification generation site
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As mentioned above if there is reliable wind; such generation can also be added to provide even
greater periods of electricity service and even 24/7 electricity generation; with the battery storage
inverter generation providing minimum base-load and peak demand support.

In more extreme isolation cases, then purely solar PV + battery for daytime generation and limited
night time electricity is possible; the addition of wind, where possible, offers more generation reserve
and relief, including for nocturnal use of electricity. These cases are further covered in Annex 6
covering Off-grid & On-grid.

As is the case for all renewable electricity generation, the context of the geographic and
meteorological specifics of the location and the actual human population and activities that require
electricity must be considered in discerning the appropriate and necessary electricity generation
solution for improving the quality of life, the value of productive activities and the community’s
resilience to climate change and negative influences.

377



POWER MASTER PLAN | DEVELOPMENT OF A POWER MASTER PLAN FOR SOMALILAND

Table 80 displays options for a normalised HSDG hybrid generic rural electrification generation site
with 2 HSDGs, which can be synchronised with various Renewable energy sourced generation (REN)
options. The top grouping in Table 80 is HSDG generation alone, which shows that efficient HSDG
generation can be sized to the 2 higher demand windows (HSDG > 70% => Green box), of Day and
Evening, but this results in poor midnight fuel performance (HSDG > 70% => Red box), plus the overall
fuel cost while optimised for the major demands will be significant. The second grouping, HSDG + Solar
PV, is HSDG generation with 20% of the daytime load satisfied by grid tied Solar PV. This shows that
potentially a savings of 20% in daytime fuel use (REN => Blue box), plus again optimised evening fuel
performance (HSDG > 70% => Green box), but again poor midnight fuel performance (HSDG > 70% =>
Red box).

Table 80. Table showing normalised synchronised HSDG hybrid options for a generic rural
electrification generation site with high demands

NORMALIZED GENERATION OPTIONS
Performance Performance
Reference HSDG window window % Battery
Normal Load|Max Load >70% |HSDG |[50% -100% |HSDG |50% -100% |REN |Solar PV |Wind [UPS
HSDG
Normal
100% 130% Max Load load 100 80 20 30 20
1 HSDG alone
Day 100 130 180% 100% 100 100% spare X 0 0 0
Evening 70 91 143% 70% 70 70% spare X 0 0 0
Evening 70 91 114% 88% spare X 70 88% 0 0 0
Midnight | 30 39 267% 38% [ spere X 30 38% 0 0 0
2 HSDG + Solar PV 100 80 20 30 20
Day 100 130 200% 80% 80 80% spare X 20% 20% 0 0
Evening 70 91 114% 88% spare X 70 88% 0 0 0
Midnight 30 39 267% 38% spare X 30 38% 0 0 0
3 HSDG + Solar PV + Wind 100 80 20 30 20
Day 100 130 230% 63% spare X 50 63% 50% 20% 30% 0
Evening 70 91 157% 50% spare X 40 50% 43% 0 30% 0
Midnight 30 39 367% 0% spare X spare X 100% 0 30% 0
4 HSDG + Solar PV + Wind + Battery 100 80 20 30 20
Day 100 130 250% 38% spare X 30 38% 70% 20% 30% 20%
Evening 70 91 186% 25% spare X 20 25% 71% 0 30% 20%
Midnight 30 39 433% 0% spare X spare X 167% 0 30% 20%
5 36% Size HSDG + Solar PV + Wind + Battery 40 Window 25 Window 20 30 20
Day 100 130 135% 38% 30 75% spare X 50% 20% 30% 20%
Evening 70 91 129% 40% spare X 20 80% 71% 0 30% 20%
Midnight 30 39 383% 0% spare X spare X 167% 0 30% 20%
6 HSDG + Solar PV + Battery 100 80 20 30 20
Day 100 130 220% 75% spare X 60 75% 40% 20% 0 20%
Evening 70 91 143% 63% spare X 50 63% 29% 0 0 20%
Midnight 30 39 733% 13% spare X 10 13% 67% 0 0 20%
7 43% Size HSDG + Solar PV + Battery 65 Window 12 Window 20 30 20
Day 100 130 117% 46% 60 92% spare X 40% 20% 0 20%
Evening 70 91 121% 38% 50 77% spare X 29% 0 0 20%
Midnight 30 39 323% 83% spare X 10 83% 67% 0 0 20%

Source: Unicon

The third grouping, HSDG + Solar PV + Wind, is the same original sized HSDG generation along with
20% and 30% of daytime load being satisfied by Solar PV and Wind turbines respectively. Here it is
indicated that the REN generation, of Solar PV and Wind actually forces the HSDGs into operating less
efficiently (HSDG > 70% => Brown box). The midnight generation is fully satisfied by REN (REN => Green
box), but the daytime and evening forcing of the HSDG into less efficient operations also causes Wet
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Stacking and further fuel and maintenance costs. In the fourth grouping, HSDG + Solar PV + Wind +
Battery, the addition of battery storage can further exacerbate forcing of the HSDGs into poorer
performance. Which in no way, is compensated for, by fully REN midnight generation.

In the fifth group, 36% Size HSDG + Solar PV + Wind + Battery, the sizing of the HSDG takes into account
the hybrid REN components as part of the system design. Herein the sizing and therefore investment
and fuel costs for the HSDGs are significantly reduced by 64%; which results in efficient HSDG
generation from smaller HSDGs and significant REN contributions to overall electricity generation
during Day, Evening and Midnight periods. Clearly this type of configuration is only worth
implementing where good reliable wind is available.

Group six in Table 80, HSDG + Solar PV + Battery, uses the original HSDG sizes, and like group three
results in overall poor performance with regard to fuel consumption and efficiency of HSDG
generation. The last group seven, 43% Size HSDG + Solar PV + Battery, adapts the size of the 2 HSDG
generators to REN components within the system. Again, similarly to group five, the sizing and
therefore investment and fuel costs for the HSDGs are significantly reduced, herein by 57%; which
results in efficient HSDG generation from smaller HSDGs and significant REN contributions to overall
electricity generation during Day, Evening and Midnight periods. This type of configuration is well
suited to those isolated localities where no wind is practicable.

Hybrid electricity generation for contemporary rural small towns

There are very cogent arguments for implementing rural electrification in small rural urban centres
using hybrid generation:

e it permits the rural urban centres to provide more electricity for residents, for institutional
facilities and services and commerce;

e provides electricity for daytime manufacturing and value adding activities, which result in
employment, entrepreneurial stimulation and revenue creating activities for the urban
community and its businesses;

e enhanced local productivity and quality of life has been shown to prevent rural flight to larger
urban centres, build national and regional economies and to attract city residents to return to
rural areas.

Electricity generation and distribution for rural urban centres creates isolated island networks, which
generally use radial or longitudinal bus distribution for smaller towns and potentially a ring distribution
network for larger townships.

As a rule, if distribution distances are less than 1 km from the generation source a LV distribution can
be implemented. This results in an urban Mini-Grid. Longer distances will require distribution step up
and step down transformers, and result in an electricity power grid that is an island distribution
network.
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Generation Example for Small Town

A generation example with load graphs for a generic rural small-town, of 20,000 inhabitants, using
hybrid HSDG diesel generation and local grid-tied solar PV with battery storage, is shown below. The
town has approximately 3,000 households, with a significant focus in the overall urban area for
daytime value adding via electricity use by manufacturing, education, communications, institutions,
construction and support for general commerce.

Example: Generic Rural small town — Hybrid HSDG + Local grid tied
solar PV + Battery Storage for Rural town of 20,000 habitants with
3,333 households (6 person/home) and daytime value adding activity

e Optimised Hybrid HSDG + Solar PV + Battery

e Hybrid HSDG + Solar PV AC coupled grid tied system with Value
Adding generation 800kW

e Average daily load 15.6 MWh/d

e Solar PV generates 900 kWp solar PV providing 4.56 MWh/d focused
for daytime value adding activities combined with Battery storage

e HSDG (750kW + 3x250kW synchronised) can generate a maximum of
1.5 MW to provide 11.1 MWh/d

o Total 24 hour solar PV penetration 29%, Daytime solar PV
penetration 42%

e PbA fluid filled batteries of 37,800Ah X 48V storage (6 banks of
24x2V (6,300Ah) batteries)

e provide a 25% DoD over 1.2 hour and 50% DoD over 2.4 hours. 15
year lifespan for Batteries at 20C

e Total community electricity use is 0.78 kWh/d capita = 285 kWh/y
cap; HDI is 0.59

Largest Limitation to Further Electricity Generation Growth

The situation of large urban centres having multiple ESPs with multiple island radial distribution
networks limits the development of larger electricity generation. The creation of urban distribution
rings will permit better use of existing generation resources. It will permit larger less expensive
generation expansion, based on electricity providers utilising their competencies to synchronise their
generation to an urban distribution network and collaboratively assure the network’s stability.

The key element required for capitalising on the benefits of renewable resources for electricity
generation is mastering the necessary skills to synchronise the blending and management of hybrid
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electricity reserves. In addition; their generation distribution locally and thereafter further afield by
transmission lines, when large scale generation sites are offered by specific geographic benefits.

Frontier Regions and Regional Partnerships
Frontier Region Electricity Generation Partnerships

As was noted in Annex 6, the situation of frontier communities is usually one of homologous
communities either side of the frontier. The consequence of these side by side communities in their
shared isolation from the government, national electricity infrastructure and poor transport access is
that they create trans-frontier local electricity generation infrastructure.

The fact of them often having local familial and tribal affiliations means commercial and social
interrelationships are facilitated across the frontier. These engagements are purposeful to maintain
cohesiveness amongst the two communities in their shared isolation and to assist in the transfer of
goods and services across the frontier. This phenomenon is an example of what is broadly transpiring
within the country.

Expressly in the context of electricity generation, the modality is primarily distributed generation,
where one or more ESPs evolve. In doing this, a series of dispersed independent distributions are
constructed, which cannot satisfy more than a limited number of consumers and load size, to advance
further the electricity distribution in an area needs to be collectivised and managed. This
collectivisation poses the challenge of how will it be controlled.

Since the processes of familial and clan relationships has created effective and peaceful exchanges of
commerce, social law and order and infrastructure support across the frontier, this needs to be built
upon. In effect, these collective cooperative engagements are significant tools of peace and
commerce. From game theory it is noted that tight constraints on collective goals is a potent actuator
for collective solutions to specific goals.

In the specific sense of isolated communities and their electricity generation and delivery, it is
beneficial to further encourage additional collective methodologies and partnerships to create a
manager for the collective electricity load and distribution resource that is independent of the point
source electricity generators. This would, in name and task, be an independent service operator for
the electrical distribution infrastructure.

This will enable the creation of more electricity generation by independent power providers on a
collective network and be better able to adapt their infrastructure into the future integration of the
isolated communities into their respective national electricity networks. Not forgetting that Ethiopia
and Somaliland have a common LV electricity system of 230VAC 50Hz.
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Locally built and managed distribution networks are best suited to the collective needs of the parallel
communities and enhance local peace and solidarity.

This same process of collective engagement by the commercial and social affiliations engaged in using
and generating electricity, to create a collective distribution network is equally pertinent to the larger
urban centres in Somaliland. As mentioned, earlier they can create an independent electricity service
operator.

Electricity Import/Export

The prospects for enhancing national and regional economic development through establishing
significant imports and exports of electricity are attractive. This is beyond the local exchange of
electricity across the frontier because of collective cooperation by homologous communities with
common interests. This will require the engagements of the main political and electricity generating
institutions of the respective countries and the stakeholders in such endeavours.

The current electrical infrastructure of Somaliland currently does not have any transmission lines, nor
collectively operated electricity distribution in any of the urban centres. The modality by which
electricity generation has developed has been through distributed generation and dispersed
distribution driven by small private enterprises.

This contrasts with the electricity generation modality in Ethiopia, which is one of a centralised
national plan. The interests of Ethiopia in bringing transmission lines into Somaliland would be for the
purposes of exporting their electricity and enhancing their electrical infrastructure. Moreover, such
infrastructure must serve their socio-economic interests within and traversing another country, which
could benefit the region as a whole if effective socio-economic reciprocity occurs.

In order for the urban centres of Somaliland to connect to and benefit from international transmission
lines each urban centre requires a coordinated collective urban electricity network. Such a network
must possess a distribution ring or nodes that can collectively handle the introduction of electricity
generation from multiple suppliers.

If Somaliland wishes to participate in the reciprocal exchange of electricity with its neighbours, it has
to create the electricity generation resources and capabilities to do so, such that they are economically
competitive with their neighbours. Otherwise, they will become the recipients of the generation
decisions and problems of distal generators, while ignoring a key necessity of having urban and local
electricity generation infrastructure that provides for local resilience and adaptability to local
conditions.

Modelling and Evaluation of Electricity Generation Expansion Projects

Proportion of Population Receiving Electricity
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As mentioned in Annex 6 the proportion of urban populations accessing electricity, was only sampled
through ESP generation surveys and energy usage by households, businesses and institutions. This
data enabled estimates of median monthly per capita electricity consumption for Somaliland. These
is 11.1 kWh / month person. This value when applied to annual per capita electricity use result in the
median annual per capita electricity consumption is 133kWh (11.1x12) per capita year.

Moreover, when this value is applied to the estimated populations, it provides an estimate of the
proportion of the urban populations served by ESPs. It is estimated that some 29% of the urban
populations in Somaliland do not receive electricity from the surveyed ESPs. (uncertainties in data
collected is compounded by three of the six Hargeysa ESPs not giving data).

Notwithstanding that population estimates for the country are known to be imprecise, the population
of urban dwellers not being served by the larger ESPs is significant. Based on current estimates, some
770 thousand people within urban centres do not receive electricity from major ESPs.

The estimates calculated for median annual per capita electricity consumption permit a calculation of
what is the current level of human development within Somaliland. The purpose of this is to determine
an estimate of where is the country in the process of achieving a developed society and economy. A
developed society bespeaks to a good quality of life for the majority of a country’s citizens.

The Human Development Index (HDI) and the work that Alan D. Pasternak and others since, have
demonstrated that failing to take human development needs and their link to electricity utilisation by
a society, can seriously undermine planning for electricity requirements.

The HDI indicator is a UNEP index for the average achievement of each country in three basic areas of
human development: Life Expectancy at birth (LE), Adult Literacy and School Enrolment (LS), and
Standard of Living as measured by the Gross National Product per capita (GOP). HDI is a normalised
scale from zero to one. Economies seen as “highly developed countries” are recognised as those with
a HDI of 0.8-0.85. Greater values indicate a society as advanced industrialised.

Generation Modelling Accounting for Human Development

From the 2009 UNDP Human Development Report, nations are divided into three groups based on
HDI levels:

e High human development economies (HHD) = HDI>0.85;
e Medium human development economies (MHD) = 0.6<HDI<0.85; and

e Low human development economies (LHD) = HDI<0.6.

The annual per capita use of electricity, Annual per Capita Electricity Consumption (ACEC), was shown
by Pastemak (2,000) and others, that no country with an ACEC below 4,000 kWh (14.4 GJ) per person
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has an HDI of 0.9 or greater. Moreover, as ACEC increases above 4,000 kWh/annual capita, no
significant increase in HDI is observed.

In fact, based on current global data the HDI becomes decoupled from electricity above 4,000
kWh/annual capita. Consequently, moving towards effective development, the maximum ACEC or
generation should be constrained to an upper limit of 4,000 kWh per capita per year.

Applying the conclusions of the many studies on the linkage of electricity use to the HDI, and the
equation derived by Pasternak, (HDI = 0.091 x Ln(ACEC) + 0.0724) it is identified that currently that
currently Somaliland, with an ACEC of 133kWh/a capita, has a HDI of 0.52. Somaliland fall within the
category of Low Human Development economies (LHD) = HDI<0.6.

Based on the constraint that Human Development decouples from electricity usage, above 4,000
kWh/annual capita, this value should be the maximum limit on generation for national consumption,
and thereafter generation should be viewed with a perspective for commercially competitive exports
to less developed regions or alternate markets, i.e. exports via transmission.

Figure 111 below provides a graph of HDI versus electricity use per capita. Table 81 summarises
electricity generation requirements when constrained to HDI data estimates.

Figure 111. Graph of human development index to per capita annual electricity use (ACEC)
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Table 81. Generation limits targeting national socio-economic development per the HDI and the
electricity consumption expected by citizens of a well developed economy

Description Somaliland
Estimated population 3,500,000
Estimated population in 10 years (2.9%/an) 4,677,496
Estimated population in 20 years (2.9%/an) 6,251,135
CURRENT Estimated per capita month use kWh/ cap month 111
CURRENT Estimated per capita annual use kWh/ cap year 133.2
Applying Paternal equation Current HDI 0.52
Current estimated generation by surveyed ESPs MWh/d 581.7

Current  Generation potential with  Automation and

synchronisation MWh/d 1635
Generation expected for HDI cut-off 4,000kWh/an cap MWh/day
) . 38,356
(fixed population)
Generation expected for HDI cut-off 4,000kWh/an cap MWh/day
. 51,260
10 years (2.9% growth population)
Generation expected for HDI cut-off 4,000kWh/an cap MWh/day
. 68,506
20 years (2.9% growth population)
Generation Capacity required at a 130% surge rate (fixed
. 2,078
population) MW
Generation Capacity required at a 130% surge rate (2.9% growth
. 2,777
population) 10 years MW
Generation Capacity required at a 130% surge rate (2.9% growth 3711

population) 20 years MW

Multiplication in Generation required after Automation and
Synchronisation of current systems; to attain Developed society 23
and economy: HDI of 0.85 (fixed population)

Multiplication in Generation required after Automation and
Synchronisation of current systems; to attain Developed society

1
and economy: HDI of 0.85 for 10 years (2.9% per annum 3
population growth)
Multiplication in Generation required after Automation and
Synchronisation of current systems; to attain Developed society 42

and economy: HDI of 0.85 for 20 years (2.9% per annum
population growth)

s
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Description Somaliland

Generation Capacity from which international Transmission lines
would permit commercially competitive electricity exports to be 2,285
made (fixed population) 10% extra MW

Source: Unicon
Assuming a Fixed Population

Extrapolating from optimised synchronised current electricity generation, Somaliland needs to expand
current optimised synchronised electricity generation capacity to 2.1 GW, to provide its citizens with
a socio-economically developed quality of life. Furthermore, Somaliland, once optimised to fully
synchronised generation, should increase current generation of electricity for distribution by 20-30
times, in order that its citizens have a developed quality of life. Thereafter electricity generation is
completely disposable for electricity exports.

Assuming a 2.9% Population Growth

Clearly, increases in population will actually raise generation requirements, but the actual electricity
generation in Somaliland are not precisely known, because not all urban centres or ESPs provided
data. Notwithstanding the above, the absence of data would lower the actual generation multiplier; a
population increase of 2.9% per annum will raise the multiplier required for a society to attain a HDI
of 0.85.

For a 10 year span the generation increase required, for a 2.9% annual population growth, must be in
the order of 32-35% over the fixed rate, while for a similar 2.9% per annum population growth, during
a 20 year span the generation increases must be in the order of 79-83% over the fixed rate.

It should also be noted that these observations indicate that implementation of energy efficiency
programmes within a nation increases the rate of increase in HDI, with a commensurate faster
realisation of elevated qualities of life for citizens.

The following key issues need to be considered in considering generation expansion projects:

e Significant distances in Somaliland;

e Growing size of urban centres due to rural flight aggravated by climate change;

e Importance of local urban ESPs to growth and development;

e Need to provide effective electricity generation for smaller urban centres to suppress over
rapid growth of large urban centres;

o Need to reduce stress on fresh water resources and aquifers supplying large urban centres;
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e Need to support the lifestyles of remote and pastoral communities in the face of ongoing

climate changes.

Such projects should first raise electricity generation efficiency and thereafter augment generation
growth through the increased use of synchronised renewables and thermal generation via hybrid
generation. Generation growth should also be aligned towards clear long-term goals of combining
large-scale storage and use of energy and water for enhancing the quality of life for citizens, enhancing
economic growth and strengthening both agricultural and pastoral activities and reinvigorating

regional eco-systems.

Conclusions Related to Generation Options

Based on the analysis in this chapter the generation options retained for meeting future load

requirements are as follows:

o Improve the efficiency of existing generation by automation and synchronisation of
generation units thereby reducing ‘wet stacking’;
e Convert existing generation to hybrid systems using solar photovoltaic installations;
e Consider the use of wind generation in zones with high wind potential:
- Ensure that the implementation of such systems includes appropriate training to avoid
repeating the mistakes made with earlier installations.
e New generation options retained include:
- High speed diesel generators in size ranges from those existing in each system up to 2,000
kW;
- Medium speed diesel generation in the common size ranges of 1,000 kW to 10,000 kW;
- Simple gas turbines burning diesel fuel in size ranges of 1,000 to 10,000 kW;
- Solar photovoltaic systems to be added to the fossil fuel generation;
- Wind generation to be considered in high potential areas.
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