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The framework policy has a significant impact on the management of innovation in the electricity sector. To be effective, the framework policy
should be adapted to the local, national, and international context. In order to find out how to adapt the policy framework efficiently, it is
important to carefully examine the existing situation. When considering the development of renewable energy technology for electricity
generation, policy framework plays a more important role. A short literature review analysis on the topic reveals that for developing countries
having a low electricity access rate, the deployment of mini-grid presents a huge opportunity. In each local context it is important, however, to
define which type of mini-grid should be adapted and how to increase the renewable energy share of mini-grid. It is also important to review
the different existing policy mechanisms related to mini-grid and renewable energy development and consider how each mechanism can
influence innovation in the electricity sector. The current research is dedicated to the framework policy analysis only.
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MeHeaXMeHT iHHOBaLiN
y ranysi e/leKkTpoeHepreTmuku:
BM/IMB CTPYKTYPHOI MO/ITUKH

E. I1. Xyezo
YHigepcumem NpuK/AdOHUX HAyK,
HoU-Yaem, HimeuyuHa

CTpYKTypHa MO/ITMKA Ma€ 3Ha4HWiA BM/IMB HA MEHEAXMEHT
iHHOBALit B cekTOpi eneKkTpoeHepreTuku. LLlob 6yTh epexkTuBHOW0,
CTPYKTypHa Mo/iTMKa noBuHHa 6yTu aganToBaHa A0 MicLeBuX,
HaliOHa/IbHMX Ta MiXHapOAHMX YMOB. 3 METOK BM3HAYEHHs, AK
ePeKTMBHO NpoBecTM  aganTauito  CTPYKTYPHOI  MO/ITUKY,
HeOOXiflHO YBaXHO BMBYUTM CUTYyalito, WO CKAANacA B KOXHii
OKpemilt micuyeBocTi. /A PO3BUTKY CeKTopa BigHOB/OBAHOI
e/leKTpoeHeprii CTPyKTypHa MO/ITUKa Bigirpae HagiTb Lie 6iabL
BaXX/MBY PO/b. KOPOTKWIA aHanis /iTepaTypu no aAawin Temi
NMOKasag, WO KpaiHu, WO PO3BMBAOTLCA, MatOTb HU3bKUIA piBEHb
AOCTYMy A0 eNeKTPWKKM, | BMNPOBAAMKEHHA MiHieneKTpocucTem
BIAKPMBAE A/N1A HWMX HOBI MOXAMBOCTI. Ha micueBomy piBHi B
KOKHOMY OKPeMOMY BWMagKy HeOobXifAHO BM3HA4aTW, AKWIA TWM
MiHie/IeKTpociciTeM BMpPOBAa/AKYyBaTH, a TaKOXK fAK 36i/blUNTH
YacTky BiHOB/IIOBAHOI eHeprii, AKa no/Aa€eTbcA B
MiHieseKTpocucTeMy. TaKOX BaX/MBO  PO3I/IAHYTM  iCHYOMi
CTPYKTYPHi MeXaHi3Mu, 3aCTOCOBaHi B 06/1acTi MiHieneKTpocucTem
i PO3BUTKY BiZHOB/IIOBAHOI €HEPreTUKK, 3BepTatoym yBary Ha Te, AK
KOXEH 3 MexaHi3MiB BM/MBaE Ha iHHOBALil B €HepreTM4Homy
ceKkTopi. [laHe AOC/igXKEeHHA npucBAYeHe  aHazisy  Tvnis
CTPYKTYPHOT MOAITUKM, LLLO MOXYTb BYTH 3aCTOCOBaHI.

Knrouosi cnoea: minieneKTpocucTema; CTPYKTYpHa MO/ITUKS;
CEKTOp ©/1eKTPOEHEPreTHKM; CUCTEMHA TeOopid; MeHeAXMeHT
€HepreTU4HOro CeKTopy.
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MeHeAXMeHT MHHOBALUA
B cpepe 3/1eKTpO3HepreTuKku:
B/IMAAHWE CTPYKTYPHOM NO/IUTUKU

3. 1. Xy»sz0

YHUsepcumem npuK/aaoHbIX HAyK,
HoU-Ynbm, Frepmanus

CTpYKTypHasa Mo/MTMKa 06/1aAaeT 3HayuTe/lbHbIM B/MAHWMEM Ha
MEHEe/KMEHT MHHOBALMIA B CEKTOPEe 3/1eKTPO3HEepreTUkn. YTobbl
6bITb  3pPEKTUBHOW, CTPYKTYpHaA MO/AWTMKA [0/KHa ObiTb
a/anTUpOBaHa K MECTHbIM, HALMOHA/IbHbIM U MEX/AYHaPOAHbIM
ycnosuaM. C Le/iblo onpege/ieHns, Kak 3Pp(eKTUBHO MpOoBeCTM
aganTaumilo CTPYKTYPHOW MOAUTMKM, HEOOXO4MMO BHMUMATE/IbHO
M3Y4nTb  C/IOKMBLUYIOCA  CUTyauuilo. /A pasBUTUA  CeKTopa
BO30OHOB/IAEMOW 3/1eKTPO3HEPruM CTPYKTYPHaA NO/ANTMKA UrpaeT
Aaxe ewe 6o/s1ee BaXHYO po/b. KpaTKuit aHams aMTepaTtypbl Mo
AAHHOW TeMe NoKasa/l, 4To /A8 Pa3BUBAOLLMXCA CTPaH, MMeoLLMX
HU3KWIA  ypOBEeHb  A0CTYNa K  3/1eKTPU4eCTBY, BHeApeHUue
MWHU3/IEKTPOCUCTEM  OTKpbIBae€T HOBble BO3MOXHOCTM. Ha
MECTHOM YPOBHE B KaXf0M OTAe/bHOM C/ly4ae Heobxoanmo
ornpe/ensThb, KaKoi TN MUHU3/NEKTPOCUCUTEM BHE/APATL, a TaKXke
KaK yBe/MYUTb 0/110 BO3OOHOB/AAEMOW 3Hepruun, nogasaemoi B
MWHU3/IEKTPOCUCTEMY. Takxe BaXHO paccmoTpeTb
CYLeCTBYIOLME CTPYKTYPHble MEXaHW3Mbl, WCMo/b3yemMble B
06/1aCTM  NMPUMEHEeHUA  MUHWM3/NIEKTPOCUCTEM M PasBUTUA
BO306HOB/IAGMOV 3HepreTuky, obpallad BHMMaHWe Ha TO, Kak
KaX/plil U3 MEXaHU3MOB B/IMAET Ha MHHOBALMM B SHEPreTUYeCKOM
cekTope. /laHHOe UCCAeA0BaHWE MOCBALLEHO aHa/in3y TUMOB
NpUMeHAEMON CTPYKTYPHOM MO/MTUKM.

Kntoyesvlie cnosa: MWHU3/IEKTPOCUCTEMA; CTPYKTYPHAA MO/INTUKS;
CEKTOpP D3/IEKTPO3HEPreTUKK; CUCTEMHAA TEOPUA; MEHEAXXMEHT
SHepreTn4eckoro cekTtopa.
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Introduction

electricity to domestic, commercial, or institutional

consumers over a local distribution grid. They can operate in
a standalone mode and can also interconnect with the central grid
when available»(Deshmukh et al., 2013). A «Mini-Grid Business»
describe thus a small or medium enterprises focusing on the
generation and distribution of electricity through a mini-grid. The
mini-grids are, however, not a stand-alone objects but firms acting
in a complex and dynamic environment. Apart the national and
international formal rules, there are many factors which can and
do regularly influence the functioning of mini-grid. For example,
local authorities are empowered to make formal decisions on
local taxes, architectural prescriptions, and others (Peterson,
1981). At the same time there are many informal factors
influencing the functioning of mini-grids. Support by local
population (Hellpap, 2013), perception of the firm image (Franz et
al., 2014), struggles between local and regional or national
authorities (Steurer et dal., 2016) as well as many other factors
represent the variable which should be taken into account when
planning a work of a mini-grid.

: ini-grids are «one or more local generation units supplying

Research related to mini-grid shows that there are three kind of
existing mini-grid:

- public mini-grid: a public mini-grid scheme occurs when the
electricity authority of a country decide to establish
several mini-grids over the country to supply electricity.
This is, for instance, the case of some countries as Kenya,
Ghana, Tanzania, ... . Here the mini-grid belongs to the
state or to a public entity (Economic Consulting Associates,
2014);

- private mini-grid: private mini-grid occurs when the electricity
authority of a country deliver an authorisation to a
private company to generate and supply electricity to a
specific area. The private company could then decide to
set a price for electricity, or the price for electricity can be
set by the authority. This structure of mini-grid exist in
some countries as in Tanzania for instance (Van Der Plas &
Pigaht, 2013);

- community mini-grid: a community mini-grid occurs when the
inhabitants of a locality organize themselves through or
without the municipality and establish his own system to
generate and supply electricity the related community
(Economic Consulting Associates, 2014).

The literature review related to the mini-grid development in Sub-
Saharan African countries shows that without specific policy
incentive for green mini-grid, the existing mini-grid are at a rate of
almost 90% using a diesel generator to generate electricity. The
only means to change this trend should be to define the right
policy intervention for the development of green mini-grid.

Purpose of the study and research limitation

framework and regulatory has on the development of mini-
grid and how to define an effective mini-grid policy
intervention.

: he aims of this study is to find out which impact the policy

The main limitation of the study is that it considers only the
framework policy factor, while there are other factors which
should influence the development of mini-grid.

Research Question

«literature review mini-grid». The aims of this literature review
was to find out what has already be done regarding the topic.
Since this work has a strong focus on the impact of framework
policy, the literature review focuses more on relevant information
for a policy framework, especially which role the policy
framework plays on the development and the success of mini-

: he key world for the research of the literature review was:

OO

grid. The literature review analysis also aims to identify the kind of
policy that can be established and how good each policy measure
is functioning. This is necessary to understand why a specific
measure should be preferred to another one, and at which stage
of the mini-grid development a specific policy measure should be
applied.

Methodology

he methodology used for the study is an analysis of the
literature related to the topic (table 1).

Results

Theoretical background

technologies and its use as a main resource for a mini-grid

business, existing policies play a significant role. Researchers
differentiate between two main common market mechanisms
used for the development of renewable energy: first, the «quota
mechanism» or the «quantity-based mechanism» and second, the
«price based mechanism» or «feed-in tariff>. Both these
mechanisms produce a two different systems for a mini-grid
business.

: hen it comes to the development of renewable energy

Mechanism 1

system is hardly influencing the competition inside the

system. The quota mechanism is still a market mechanism
since «the price of the energy in this system will be determined by
the market». When the quota mechanism is applied, the
government or the public authority pre-determines the quantity
of renewable energy which should be used for the generation of
electricity. It is meant to reach a specific percentage of renewable
energy share over the country, whereby the market determines
the price of the energy. The quota can be implemented in two
ways: first the tendering system and second the green certificate
or the renewable energy obligation. An example country where
quota mechanism was implemented is the United Kingdom (Asl,
2010). The quota mechanism allows an intensive competition
between electricity generation sources. Even though it reduces
social costs of renewable energy, it encourages the cheapest
renewable energy technology. Moreover, it does not give change
to the expansive renewable energy technology developing itself
and expand its market proportion. Nonetheless, the application of
quota mechanism is a most effective way to reach the aimed
share for a certain renewable energy system (Azuela & Barroso,
2011; e-Parliament, 2009; Fischer & Preonas, 2010; Menanteau &
Lamy, 2002).

: n the case of application of the quota mechanism, the

Mechanism 2

development of the renewable energy is the feed-in tariff

mechanism. This mechanism is an influencing system
through a technology approach. The feed-in tariff is «[a]
renewable energy policy that typically offers: [a] guarantee of
payments to project owners for kWh of renewable electricity
produced, [a]ccess to the grid and [s]table, long-term contracts
(15-20 years)» (Azuela & Barroso, 2011; Cory, Karlynn, 2009; e-
Parliament, 2009; Fischer & Preonas 2010; Menanteau et al., 2002).
When this mechanism is applied, the government or the public
authority pre-determines the price for electricity generated from
renewable energy sources, and the market determines the
quantity produced. To make the system functional, through the
pre-determined price of electricity from renewable energy
sources, all operators are forced to connect their generators to
the grid and electricity supply companies are forced to buy
electricity from the renewable energy sources (Asl, 2010).

: he second common market mechanism used to support the
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Table 1

Main findings of the literature review related to mini-grid

Author(s)

Geographic area

Main findings

Dutt, & MacGill
(2013)

Fiji

Two key factors for the success of hybrid mini-grid:

- reliability: not only a technical issue, but also influenced by the background conditions of
rural areas. Best practices and regulatory guidelines should be shared. The
technology should be good understood and the personal of the mini-grid should
be well trained;

— cost-competitiveness: the reliability strengthen the competitiveness of the cost of
electricity.

Van Gevelt,
(2014)

47 countries in seven
regions: East Asia and
Pacific, Europe, North
America, Latin America
and the Caribbean,
Middle East and North
Africa, Sub-Saharan
Africa and South Asia

Overview of the academic literature on off-grid energy provision in rural areas and useful
background information for the smart village initiative.

Palit, & Sarangi,

Appropriate support scheme for successful mini-grid should be a mixture of both

(2014) India ‘Participators approach’ and ‘Top-down approach’. Technical, policy and financing issues
4 for mini-grid can be dealt at the appropriate intermediary and/or higher level.
Foster et al., Australia Successful rural electrification projects require supportive institutional frameworks.

(2014)

Remson, (2015)

Kenya, Ethiopia and
Tanzania

The development of mini-grids offers a great opportunity for development in East Africa.
To use this opportunity a favourable policy environment must be created and the existing
policy and regulatory barriers must be removed.

Blum et al.,
(2015)

Laos

Propose a national technology-specific electrification strategy which aligns the institutional
settings and thereby removes the key barriers to the diffusion of mini-grid. To achieve this
goal two cornerstones are needed: a selection of preferred technologies based on a
‘technology needs assessment’ and the establishment of a national body to collect, share,
translate and pass on knowledge related to the selected technology as well as to mediate
and translate between actors from different cultural backgrounds.

Manetsgruber
et al. (2015)

Developing countries

Assessment of main risks related to mini-grid and a definition of a methodology to manage
the risks related to mini-grid.

Steurer et al.
(2016)

Sub-Sahara African

An appropriate way to deal with the main risks related to mini-grid in Sub-Saharan African is
to separate these risks and address each risk to an appropriate risk mitigation institution.

The guarantee of payment for kWh for electricity generated from
a specific renewable energy source - solar PV, or wind, or biogas

. — is determined and guaranteed for a long term period by the
authority. The time horizon is usually set by about 20 years which
allows a long-term planning for the investors as well as their
security in the pay-back of the high investment cost. When it
comes to the achievement of a specific target for renewable
energy technology, the feed-in tariff is not the most effective
mechanism (Azuela & Barroso, 2011; e-Parliament, 2009; Fischer &
Preonas, 2010; Menanteau et al., 2002).

Renewable
energy
policies

Framework
Policies

Fossil fuel
resources
policies

Findings

frameworks which may drastically influence the investigated

system of a mini-grid business. The impact of the framework,
however, might be not direct but through other formal and
informal factors related to the type of policy mechanism applied.

: s can be seen, the two approaches create a different

Some of the factors related to the policy mechanisms are
displayed in fig. 1.

Feed-in tariff policy
» Other Premium policies

Direct Reduced T&D costs
incentives * Renewable Porto folio
Standard
* Renewable Energy
Certificate

* Procurement /Auction

* Tax credits / incentives
Fiscal exemption

+ Grants / Capital Subsidies

* Green Tariffs
Investment focused
(shareholder/contribution
programs)

.

Carbon tax \

I d Cap-and-trade or emission
ndirect trading schemes

L incentives * Performance standards:

Penalize high emitting
sources
* Voluntary agreements

Fig. 1. Analytic Diagram of Framework Policies

OO
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In order to define such impact and see the path the system is
going to follow in the future, as well as to predict the pace of a
system development, a holistic, systemic approach is proposed.
One of the appropriate solutions for the investigation of the mini-
grid business would be a systems theory following the method
proposed by Vester.

If one follows the instructions by Frederic Vester (Vester, 2002) he
or she has to make a literature and case analysis in order to define
a list of «nodes» or interrelated factors which are relevant for the
investigated system. Later on, the factors are connected through
a series of relations and specific values for these relationships are
prescribed. This first analysis helps to determine the factors
related to the framework policies of mini-grid.

The analysis of the above relate literature review reveals the
following concerning the deployment of policy for an effective
development of mini-grid.

Feed-in tariff policy: to be effective a feed-in tariff policy should
guaranty access to the grid. Since many developing countries,
especially countries in Sub-Saharan Africa have a less developed
grid, it is difficult and almost impossible for these countries to
guaranty an access to the grid. Therefore feed in tariff policy does
not appear as an appropriate policy instrument to increase
electricity access rate in these countries.

Specific mini-grid policy: without a specific mini-grid policy it is
almost impossible to invest in mini-grid. The investors in mini-grid
are doing business and need at least a minimum warranty that
they can make a profit. This implies the deliverance of
authorization or licenses to deploy their business and even more
support from the electricity authority. This warranty of profit for
the private investors could only be achieved through effective
political support. This follows a well-known economic principle:
«countries that have achieved sustained economic growth have
used a range of supportive policy intervention» (United Nations,
2012).

Moreover, to be effective a policy intervention need to be
adapted to the local and national context. Since most of the
developing countries have a huge need to increase their
electrification access rate and at the same time do not have
enough technical means to produce technological components
for electricity generation, effective supportive policy intervention
should go through several phases:

First phase: decreasing of import taxes for electricity technology
and incentive for training related to electricity technology. During
this phase, the policy intervention should facilitate the access to
electricity technology through a strong reduction of import taxes
for this technology. This is necessary because at this phase the
access to electricity technology can only be achieved through an
import. High import taxes are only a barrier to electricity access.
To open access to the second phase it is required during this
phase to establish training programs relate to the development of
electricity technology.

Second phase: establishing a local manufacturing for the
production of electricity technology components. This phase can
only be reached when the second part of the first phase has been
well completed.

Third phase: during this phase, the local manufacturing for the
production of electricity technology is very young and not strong
enough to compete with the international manufacturing. The
manufacturing then needs to be protected by the local
authorities.

OOO

Conclusions

innovation management in the sphere of decentralized

electrification through the development of mini-grid and
renewable energy technology. A short literature review revealed
the following important aspect to be approached in future
research:

: his paper focuses on the most important aspects of the

the identification of other factors categories which are
influencing the deployment of mini-grid;

the determination of the set of system loops related to mini-
grid;

the definition of a holistic and systemic approach to analyze
the influencing factors of mini-grid.

Accordingly, the next steps for the future research are to:

(i) develop a system factors influencing mini-grids;

(ii) develop an interrelation matrix as proposed by Vester (2002);

(iii)apply a three-phase-algorithm including taxation, local
manufacturing creation and local ~manufacturing
protection;

(iv) calculate a set of active and passive factors related to mini-
grids;

(v)run a simulation model in order to investigate systemic
interrelations energy sector and, thus, provide managers
and local authorities with an instrument for the market
regulation.
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