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EXECUTIVE SUMMARY
There is a clear link between poverty and low electricity access and it is generally agreed upon
that raising electrification rates would benefit poor people in developing countries by
improving their access to lighting, education, health and telecommunications. Romania is one
of relatively few European countries where a share – albeit rather small – of the population
has no permanent and legally valid distribution network connection.
There is today quite some insecurity in the total number of households not connected to the
electrical grid. The Ministry of Energy in Romania estimates that there today are approximately
100,000 households that has no legal agreement with a Distribution System Operator (DSO)
for delivery of electricity. However, unlike most developing countries the energy infrastructure
is rather well developed in Romania and there are generally power distribution lines adjacent
to all primary roads in all villages and towns. This means that there are essentially no public
and commercial buildings that is lacking electricity. Consequently, for most of the households
identified as not connected to the network there are other reasons than technical aspects that
is the main root cause. The main cause can instead be assigned to financial capabilities, both
in regards to the actual households that must pay for the household specific portion of the
network connection and the municipalities and the DSOs who must pay for the network
extension and back-bone electrical infrastructure.
Sweco and our sub supplier, Ruxpro, has as part of the project conducted extensive site visits
in order to assess the real need for electrification and identify the main causes for households
not having access to electricity. In total, over 40 different municipalities were visited, each of
them having a share of not-electrified households in their town and villages. From the site visits
and from the discussions with local municipalities it became clear that the remote and
households located far away from existing distribution infrastructure represent a relatively
small share of the total households that lack electricity. A second finding was that the
municipalities has in most cases included presently non-occupied land that in the city planning
phase has set aside for new households in the statistics (primarily to young families according
to requirements for provision of land (Law no. 15/2003)). Thirdly, a majority of the actual
households classified as not-electrified has in fact an electricity connection set up via redistribution of power from adjacent household in the area. This is in most cases done as a
gesture of “goodwill” and the cost for electricity is charged to the electrified households at
actual cost. It is thus the opinion of Sweco and Ruxpro that the actual households not having
access to electricity in any form is lower than what is indicated officially from the Ministry of
Energy. A first recommendation is to Romanian Ministry of Energy to refine the background
data in regards to not electrified households. This should be done to better understand the
baseline situation in regards to actual households without electricity access
From a safety, reliability and sustainability point of view, a conventional grid connection will
for the clear majority of the currently not-electrified customers be the most cost-effective
alternative. A typical connection fee – assuming an overlying network is near the household to
be connected - is between 300-600 EUR. Most households in Romania can afford the
connection fee. However, often for the newly developed areas the increased electrical load
cannot be supported by the existing network. The back-bone network needs to be expanded
to meet future demand. The responsibility to prepare and develop the back-bone distribution
network lies with the DSO. In the case when investments realization cannot be justified
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economically (based on target and set methodology in ANRE Order 75/2013), the extensions
can be financed by co-participation of public authorities, after informing ANRE. In general, the
business case become very weak for the DSO when it comes to connecting new households.
The average expected revenues from the service cannot motivate the up-front investment. A
very large burden than fall on the municipality to – essentially – on its own finance the network
extensions. This is most often not possible for the municipalities, leading to a situation in which
the network is not expanded. If the local authorities cannot afford to finance the network
expansion there is no obligation from the DSOs to connect. Since the average consumption of
energy is very low in Romania, often in the range of 30-50 kWh per month, revenues to the
DSOs from the household customers are in general very low making it difficult to meet the
financial requirements for the investments.
However as mentioned above, in some areas many households – in some cases 100 % of them
- are connected on a secondary underlying low voltage networks that is managed locally. In
addition to the insecurity of not having an own legal agreement with the DSO, capacity of the
network may sometimes be a problem. In particular, during the winter when electrical loads
tend to be slightly higher. These kind of connections are also a hazard from in regards to
electrical safety.
As mentioned above, a share of the households in Romania that is lacking electricity access are
located in the remote and very rural areas. The socio-economic status of these households and
small clusters of farms (so called “Catuns”) is often very weak; access to electricity would be
used to develop farming products for increased economic stability and development. Here,
off-grid solutions must initially be prioritized. A typical 250 W household installation cost c.
EUR 500-1000 (independent on whether photovoltaic panels, wind, or small/pico scale hydro
is used to charge the storage batteries). These solutions will enable certain appliances to be
used – which is positive - but it will not be sufficient to trigger any step-change in regards to
economic growth. The application of these units will likely not change the trend seen in the
past 20 years that widens the gap between the rural and remote areas and the towns in
Romania. For certain households or cluster of households that today have a limited
commercial activity, such as dairy production or sheep farming, a larger off-grid system of 2 3 kW could thus possibly be an option. While not comparative to a grid connection, it may still
stimulate some increase in economic activities and make the traditional farming lifestyle a little
more attractive. The main drawback is that the installation cost for such large units quickly
become rather high.
Connecting new households to the electricity network will require significant investment. It is
of importance that these investments are done cost-effectively. Observation from the site
visits show that the design principles and construction methods of today’s distribution
networks is rather expensive. Often, the network is designed to be mechanically very robust
utilizing material in poles, crossbars and foundations that are more expensive than in many
other countries. A pre-request for the for initiating the EEA and the Norwegian Financial
Mechanisms 2014-2021 must be a requirement to the DSOs to develop simpler, more costefficient design and construction principles. It is critical that alternative design and
constructions methods are used to increase the efficiency and lower the up-front investment
requirements for the DSO. A least cost approach with a somewhat shorter life-cycle planning
horizon should be considered to get more infrastructure for the same investment. Thus, a
compromise between what would - in the 30-40 years long term planning horizon - be the
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most cost-efficient solutions should be done to an alternative that limits the initial investment
and offers an “acceptable” cost-efficiency.
In order to facilitate network expansion and allow for more households to establish a valid
contract for delivery of electricity, Sweco and Ruxpro is suggesting Innovation Norway as fund
operator for the Renewable Energy, Energy Efficiency, Energy Security programme within the
EEA and the Norwegian Financial Mechanisms 2014-2021, to set up an infrastructure
investment fund. The fund can be used primarily local authorities to co-finance the distribution
network expansion. Portion of the fund should be assigned to manage off-grid electricity
installations, a service that possibly could include ownership, installation, maintenance,
battery replacement and fee collection. Assuming a budget of EUR 10 million, a suitable subcategorization could for example be:
•
•

•

•

A 20 % share of the investment fund is allocated to off-grid household electrification.
A 10 % share of the investment fund is allocated to commercial development
projects in remote and rural areas improving general socio-economic conditions, i.e.,
where there is a high potential for commercial development a grid solution is favored
before an off-grid solution even though the initial investment is significant.
A 60 % share of the fund is allocated to areas that today are partly electrified but
where there the DSO and municipality cannot finance the network extension and
establishment of a back-bode system.
A 10 % share to assist in electrification access to the absolute poorest households in
Romania. This means the investment fund is taking full financial responsibility for the
off-grid system or the network connection fee.

The investment fund should be managed by Innovation Norway in a close collaboration with
the Ministry of Energy. The local authorities are responsible for submitting applications on
behalf of themselves and the not-electrified households for financial support for the network
expansion. Sweco and Ruxpro recommends that an upper limit of potential financing is set
implying that the DSOs and/or municipalities will take a portion of the required investments
themselves.
Allocation of money for the investment fund is done based on a cost-benefit ratio where the
primary metric is average cost per electrified household balanced against potential for
economic development. Priority should in addition be given to young families with children
and households with elderly and/or disabled residents.
With the allocation of funds used as example above it is possible to provide electricity to 10,000
households. Namely,
•
•

•

Approximately 2,800 off-grid units of 300 W prepared for AC 220 V
Preparation of extension and back-bone network for 10,000 households located in
newly planned residential area that currently has no official access to electricity. Her
an underlying assumption is that 80 % of the household will be able to pay for the
household specific last portion of the connection (typically EUR 300 to EUR 600
connection fee).
Financial support to 2,000 most vulnerable and poor households in paying the required
connection fee.
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As a final recommendation, Ministry of Energy, or alternatively ANRE (Romanian Energy
Regulatory Authority), could put requirements on the DSOs to allow for periodization of the
connection fee over a longer period, say 10 years. The annual periodization cost should be
calculated based on the overall target of a neutral NPV as compared to up-front payments
utilizing a Weighted Average Cost of Capital (WACC) in line DSO industry standards in Romania.
The periodization of connection fee could possibly also be managed by a third party financial
institution or the municipalities. Alternatively, Ministry of Energy, or ANRE, could also overlook
the rules and regulations/legislation in regards to connection fee for the Romanian DSOs. A
standard connection fee that is subsidized by the DSO could be developed for households
located with a valid city plan area (towns, villages). The loss of revenue from the discounted
connection fee would then be allowed to be recovered through slightly higher network tariffs
applicable to the entire customer base of the DSO. The system should be set up to be
“revenue-neutral” for the DSO.
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LIST OF ACRONYMS
TSO

Transmission System Operator

DSO

Distribution System Operator

TWh

Terra Watt Hours

DC

Direct Current

AC

Alternative Current

NPV

Net Present Value

ANRE

Romanian Energy Regulatory Authority

WACC

Weighted Average Cost of Capital

EEA

European Economic Area

FMO

Financial Mechanisms Office

ENTSO-E

European Network of Transmission System Operators for Electricity

ATR

Technical Connection Permits

SCADA

Supervisory Control And Data Acquisition

AIS

Air Insulated Switchgear

SAIDI

System Average Interruption Duration index

SAIFI

System Average Interruption Frequency Index

SME

Small and Medium Enterprises

MoE

Romanian Ministry of Energy

PV

Photovoltaic

PVT

Power Voltage Transformer

OH lines

Overhead lines

SWER

Single Wire Earth Return
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BACKGROUND AND PURPOSE
On 13 October 2016, the Government of Romania signed two Memoranda of Understanding
(MoUs) with Iceland, Lichtenstein and Norway on the implementation of the Norwegian
Financial Mechanism and the EEA (European Economic Area) Financial Mechanism, 2014-2021.
More than EUR 500 million will be allocated to different programmes in Romania until 2021.
Innovation Norway has been appointed as the Fund Operator for three programmes within the
EEA and the Norwegian Financial Mechanisms; one of this programmes, Programme Area 12,
relates to Renewable Energy, Energy Efficiency and Energy Security and has a total budget of
EUR 62.5 million.
Innovation Norway, as Fund Operator, is in charge of preparation of the programme design for
Programme Area 1. The deadline to end the preparation process and submit documentation
to the donors, represented by the FMO (Financial Mechanisms Office) is April 2017.
The purpose of this report, in the framework of the Programme Area 12, is to suggest the most
feasible and sustainable solutions to provide currently not-electrified households in rural
Romania with electricity. Information received, e.g., from the Romanian Ministry of Energy
reveals that the number of not-electrified households in Romania is close to 100,000 in more
than 2,200 small towns and villages. Providing electricity will be a first step for people found
in this situation to a normal life in which they can benefit from same social opportunities as
the rest of the people in Romania. In total, it is expected that a budget of c. EUR 10 million will
be assigned to this project.
The first section of this report is a desk review providing basic information about the Romanian
Energy Sector, the Distribution System Operators (DSOs), and the current situation in regards
to not-electrified households. In addition, the desk review will include information about
possible technical solutions that can be utilized to provide cost-efficient access to electricity
for current not-electrified households. Sweco will moreover – to the extent possible – provide
information about experiences/best practices from similar projects in different countries and
regions with similar or worse socio-economic conditions than Romania. The long-term
sustainability issues of the technical solutions are, in this context, of particular interest.
The next section of the report provides the main findings of the site visits to the potential
locations for electrification in Romania. Sweco and Ruxpro has met with over 40 local
authorities and in total visited more than 50 areas containing households that today has no or
limited access to electricity. For each of these areas, we have assessed the relevant community
issue and mapped the geographical, administrative, socio-economic and technical obstacles
for electrification. Basic cost estimates for electrification has been developed to the extent
possible, i.e., based on information provided by the local authorities and through visual
inspection of the not-electrified areas. Particular focus was given to safety and security issues.
More extensive site-visit reports, with information from each specific municipality, is provided
in Appendix 1.
In the next section, Sweco and Ruxpro’s analysis and recommendations to Innovation Norway
is provided, taking into account possible technical solutions and their advantages and
disadvantages from a technical, safety, and environmental/sustainability point of view. To the
extent possible, the most relevant locations in Romania for electrification is suggested. Taking
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into account that Sweco and Ruxpro only has visited a small share of all locations with unelectrified households in Romania, the mapping of the locations and/or clusters of households
suitable for financial support for electrification will be on a rather high level, i.e., it has not
been possible to perform a detailed analysis on a village and household specific level.
Nevertheless, categories of households that are more or less suitable for electrification using
conventional grid connection or off-grid solutions has been identified. For the latter categories
of households requiring off-grid solutions, Sweco and Ruxpro will moreover in this section
elaborate on the long-term sustainability of the suggested solutions, e.g., future ownership,
operation and maintenance of the energy assets. This analysis will form the basis for a list of
criteria’s to be used in order to assess; i) locations and households to be electrified and; ii)
suggest the most cost-efficient technical solutions taking also long-term sustainability of the
investments into account.
In the next section, a high-level implementation plan is provided to Innovation Norway based
on the findings and recommendations from Sweco. This implementation plan is dived into key
activities and also address financial issues, such as overall budget for electrification and
decision material for the selection and prioritization of households most suitable for financial
support for electrification.
The report is then concluded by a section that provide a high-level summary of the project and
our main recommendations and conclusions.
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DESK REVIEW
There are today approximately 100,000 households in Romania that has no official contract
for electricity. Many of these households are located in the proximity of existing electric
infrastructure and a conventional network connection will likely be the most cost-efficient and
sustainable way of enabling electricity to these customers. However, a significant share of the
households are located in more rural areas with limited access to existing electric
infrastructure. For these clients, typical various off-grid solutions may be more feasible than
grid extension.
The DSOs and the Romanian Energy Regulatory Authority (ANRE) will play important roles in
facilitating a reduction of the number of not-electrified households. This section therefore
begins with a brief overview of the Romanian Energy sector. Romania is subject to the process
of power market liberalization, primarily pushed by the European Commission since two
decades back. This has – among other things - resulted in the establishment of CN
Transelectrica SA that administrates and operates the transmission power system. In addition,
there are eight large DSOs that manage and operate the distribution networks. The DSOs
generally represent the first contact for currently not-electrified customers seeking a network
connection and are thus critical in fighting energy poverty in Romania.
The DSOs in Romania are governed by ANRE. ANRE specifies in detail the methods and
principles used for DSOs when connecting new customers to the network and when setting
appropriate network tariffs. Since the average consumption of electric energy is very low for
Romanian households, the revenues to the Romanian DSOs are low on an international
comparison. This put challenges in lean effective organizations of the DSOs and on costefficient design and construction principles. A brief overview of these design principles as well
as a limited analysis of the energy-use pattern of Romanian households is therefore included
in this section. The section ends with an overview of the various technical solutions possible
for providing currently not-electrified households with electricity. Both grid and off-grid
solutions are described with particular emphasis on their advantages and disadvantages from
a technical and sustainability point of view. Finally, Sweco will also share some experiences
from similar electrification projects performed elsewhere and that has been utilizing both grid
and off-grid solutions.
4.1

Romanian Energy Sector

Electricity sector unbundling has been ongoing in Romania since 2007. In 2015, the total
electricity production in Romania was 65.6 TWh, approximately 1.1% higher than in 2014.
Internal consumption in Romania was about 58.9 TWh, about 2% higher than in 2014. Romania
was thus a net exporter of electricity in 2015 with the export-import balance being negative,
(-6.73 TWh).
Since 2012 there has been significant installations of both on-shore wind power and of solar
photovoltaic power which has increased the renewable production with close to 8 TWh. Today
Romania has 24 % renewables in the energy mix. Romania has therefore already met the EU
target of 20 % renewables by year 2020. Hydropower is the backbone to the national grid due
to is ability to rapid regulate frequency and change in power production and demand. Romania
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has significant energy resources and the 2030 EU targets on emissions are also within reach. A
key challenge will be to modernize and develop the energy business in Romania for the future.
CN Transelectrica SA administrates and operates the transmission power system in Romania
and ensures electricity exchanges among the countries in the Central and Eastern Europe. The
Romanian TSO is a member of the European Network of Transmission System Operators for
Electricity (ENTSO-E). The length of overhead electricity networks operated by CN
Transelectrica SA is of approximately 8,775 km.
In 2015, a total of 49 electricity distribution operators were active in the Romanian electricity
market. Eight of these are serving over 100,000 customers. All these companies have
completed the legal separation of the distribution activities from electricity supply. Electricity
distribution operators with less than 100,000 customers do not have the obligation to legally
unbundle the distribution activity from other company.
Historically, the Energy regulator, ANRE, have controlled electricity prices for just under half
Romania's annual electricity production (c. 60 TWh). Only about a quarter of the energy
production has been traded on the open market while the rest of the production has been
trapped in bilateral agreements between the largest power producer Hidroelectrica and a
handful of companies. The share of electricity delivered at market prices has been raised in
several stages for industrial consumers (2012-2014). Also for household the share on the open
market has increased in stages beginning in 2013.
The balance between electricity demand and production is established and managed by CN
Transelectrica SA on a commercial basis, in real time, on the Balancing Market (BM). To ensure
availability of enough electricity to balance the system, the TSO contracts reserves (ancillary
services) for periods of one year maximum (regulated contracts or concluded on the ancillary
services market).
4.2

Distribution System Operators

As mentioned above, CN Transelectrica SA has been appointed as the electricity TSO and is the
owner and operator of the transmission service and of the public assets associated to the
electricity transmission grid (> 110 kV). As for DSOs, there are eight large distribution
companies, see Figure 1 below. These companies are:
•
•
•
•
•
•
•
•

CEZ Distributie SA (Electrica Oltenia )
FDEE Electrica Muntenia Nord SA
Enel Distributie Muntenia Sud SA (former Electrica Muntenia Sud)
Enel Distributie Banat SA (former Electrica Banat)
Enel Distributie Dobrogea (former Electrica Dobrogea)
E.ON Distributie Moldova SA (former Electrica Moldova)
FDEE Electrica Transilvania Nord SA
FDEE Electrica Transilvania Sud SA

PRE- FEASIBIL ITY,

EL ECTRI FICATI O N

R O MANIA

PAG E

1 2

O F

73

Figure 1 Main distribution system operators (DSOs) in Romania.

Source: Romanian Energy Regulatory Authority

The ownership structure of the eight large distribution operators varies to some extent. Five
of them (i.e., CEZ Distributie, Enel Distributie Muntenia Sud, Enel Distributie Banat, Enel
Distributie Dobrogea, E.ON Distributie Moldova) has been privatized. For these companies the
majority share stakes belongs to private investors.
The total distributed volumes by the eight large DSOs in Romania was in 2015 about 42.4 TWh.
This volume is relatively evenly distributed among the DSOs. The highest load density is found
in the capital region that is served by the Italian based energy group ENEL. However, as can be
seen in Figure 2, none of the eight large DSOs in Romania have a higher market share (in terms
of energy delivered) than 16 %. There are currently no legal provisions prohibiting the
establishment of a new electricity distribution company or the acquisition of shares in an
existing one.
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Figure 2 Share of energy volumes for the major DSOs (% of total c. 42.4 TWh in 2015).

Source: Romanian Energy Regulatory Authority

In Romania, power delivery infrastructure can also be owned by private companies (and even
private persons). If a business is requiring a network connection involving an extension of the
MV network and a new secondary substation (20/0.4 kV), the investor may choose to own and
operate these assets on his own. An example may be a hotel, or a small industry, located in a
rural and remote location far away from the existing distribution network. The owner of this
network has no obligation to connect external customers, but may choose to do so if he finds
this suitable. Also, the DSO has no obligation to take over the power delivery infrastructure,
but may choose to do so if both parties are willing to make an agreement.
A second example of private networks are old (built before 1989) industrial networks that
belongs, e.g., to former state-owned mines and factories. These networks were privatized
together with the factories. A difference from the case mentioned above with a private
investor is that the owner of these power lines must connect private households upon request
(if the factory is still in operation). If the factory closes, the local DSO has no obligation to take
over the infrastructure; thus, there exist cases where the municipality had to take
responsibility since there were private households connected to the network.
4.2.1

Regulation and operational principles

The DSOs in Romania are monitored and regulated by the Romanian Energy Regulatory
Authority (ANRE). The operational principles are very similar for each of the eight large DSOs
although there may be small variations in network tariff, primarily due to various size of the
regulated asset base and various need for future investments and reinforcements. The rules
and regulations governing the DSOs are comprehensive and in this section only a summary of
some of the key aspects is provided. Focus will be on the policies, principles, and practices of
the Romanian DSOs when it comes to connection of new customers.

PRE- FEASIBIL ITY,

EL ECTRI FICATI O N

R O MANIA

PAG E

1 4

O F

73

Obtaining a Network Connection
The procedures and steps for connection to the network and the way of establishing
connection fees are regulated in several ways:
•
•
•
•
•

Regulation on connecting users to public electricity networks, approved by ANRE
Order no. 59/2013, with subsequent amendments.
Regulation on establishing the solutions for connecting users to public electricity
networks, approved by ANRE Order no. 102/01.07.2015.
Framework contracts for users’ connection to public electricity network, approved by
ANRE Order no. 9/2006 and amended by ANRE Order no. 11/2015.
Methodology for setting tariffs for connecting users to public electricity network,
approved by ANRE Order no. 11/2014, including amendments and supplements.
Order No. 75 from 23 October 2013 regarding approval of methodology to evaluate
financing conditions of investments to electrify localities or for extension of grids to
distribute electric energy.

In general, the distribution operator has the obligation to development and finance
distribution grid extensions to electrify new clients, or for extension of distribution grids in a
newly developed area located in the service area of the DSO. The network extensions and
reinforcements responsibility cover the back-bone distribution network at MV and LV level. It
does in general not cover individual connection installations for each household. In the case
when investments realization cannot be justified economically (based on target and set
methodology in ANRE Order 75/2013), the extensions can be financed by co-participation of
public authorities, after informing ANRE.
For the DSO to initiate the feasibility study for network development, a request from the public
authorities must be submitted including (among other things):
•
•
•
•
•

General Urban Plane (PUG) valid at the date of the request for the town where
extensions of the electric grid are proposed.
Zone Urban Plane (PUZ) valid at the date of the request for the zone with inhabiting
purpose where and electric grid extension is proposed.
Documents for the owner rights over the land including land being in the property of
the state or of administrative-territorial units.
Construction approvals for construction of households in the area where it is
requested a development of the distribution electric grid.
Information containing existing degree of development and future perspective of
development for the area, including the following information:
o Number of existing households, in construction or with valid construction
authorization.
o Final number of households in the area.
o Number of users.
o Development in time of users/households.
o Documented data regarding total power necessary by stages of development
of area and final power, for household consumption and (if applicable)
commercial consumption.
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Based on the submitted material, the DSO establish a technical solution for the network in line
with valid technical norms and regulations. Moreover, as part of the feasibility study also the
financial performance indicators are calculated. A similar discount rate (or Weighted Average
Cost of Capital WACC) is used in the feasibility study as to the regulated recovery rate used
when setting tariffs for electric energy distribution.
Two main metrics are applied:
•
•

Net Present Value (NPV) > 0
Recovery time for investments < 20 years

If both criteria are fulfilled, the DSO has the obligation to ensure financing of the total
distribution network investment (I tot). If not, the DSO will calculate a maximum investment
value (Ieff) for the specific area for which the above criteria are met. The DSO then has the
obligation to ensure financing of this portion of the investment if local authorities is cofinancing the investment at the value: Itot - Ieff. If co-financing cannot be secured, the DSO has
no obligation to initiate a project for the network extension.
In many cases, the financial performance of the network investments is very weak. Then more
or less full financing is required by the local authorities; only the network planning resulting in
a design and specifications are then developed by the DSO.
In 2015, the average cost for a new connection was RON 3003 (c. EUR 660). This sum
represents the very final portion of the network that is individual to each household. It does
not include any general network reinforcements or extensions needed to connect the
customer.
Electrical Energy Tariffs
In Romania, the distribution tariffs are set in RON/MWh and is differentiated by three voltage
levels, i.e., high voltage (110 kV), medium voltage (typically 20 kV), and low voltage (0,4 kV).
The tariff also - in general – varies slightly between the various DSOs due to different local
conditions. The regulator (ANRE) approves the distribution tariffs for each distribution
operator. Based on the current regulation method, the regulation periods are set for 5 years.
The average national tariff (network fee/energy transfer) that relates to household consumers
is for 2015 about 120 RON/MWh.
Total cost of electricity energy includes both the cost of energy and the cost of energy transfer.
As for the electricity retail market, the number of suppliers operating in Romania is about 100.
Household customers however still have regulated tariffs that are set and approved by ANRE.
In determining the regulated tariffs to the end customer, the cost of acquisition of energy for
consumptions, electrical losses, transmission and distribution costs, administrative cost and a
regulated profit is included. Taking all these parameters into account, the average return price
of electricity provided at regulated tariffs was approximately RON 410 per MWh excl. VAT (i.e.,
c. EUR 100 per MWh) for the year 2015. As an example, looking at a most common energy
tariff for the area served by Enel Muntenia the following electricity price is obtained, valid as
of October 2016.
•
•

Base price: RON 0.378 per kWh
Co-generation contribution: RON 0.014 per kWh
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•
•
•

Green certificate: RON 0,042 per kWh
Administration: RON 0,047 per kWh
Total prices without VAT RON 0.481 per kWh (with a VAT of 19 % the total price for
the individual customer become RON 0.572 per kWh

A typical monthly electrical energy bill for a Romanian household customer is in the range RON
15 to RON 60 which corresponds to EUR 4 to EUR 13 (consumption between 30-110 kWh per
month).
Vulnerable customers
Law no. 123/2012 on electricity and natural gas defines the "vulnerable customer" as the final
customer being part of a household group that, for reasons of age, health or low income, is at
risk of social exclusion. To prevent this risk, these customers benefit from social protection
measures, including financial ones.
In accordance with the "Procedure regarding terms and conditions for granting the social tariff
to electricity household consumers, vulnerable consumers with average monthly income per
family member less than or equal to the minimum wage set by the government have the right
to apply for social tariff. The social tariff is designed based on the consumption quota with
increasing progressively differentiated price. About 979,751 consumers of the total of
8,616,275 households in Romania, benefit from a social tariff.
4.2.2

Design principles and network layout of distribution system

Much of the development of the Romanian distribution networks started in the 60’s and 70’s.
This means that large portions of the existing asset base have a service time of about 50 years.
The networks are therefore facing a renewal need within the next two decades; a significant
share of the transformers, primary substations, relay protection systems and buildings
containing the electrical equipment will be up for renewal.
The structure of the Romanian distribution networks can be described as quite typical for the
industry, where the urban areas consist mostly of underground cables with the possibility to
provide power to customers through alternative configurations and the rural areas mainly
consists of bare overhead conductors. In the rural areas, some of the network is radial. This
means that upon an outage, the affected customers are out of power for the duration of the
repair time unless, e.g., diesel generators are used to restore power temporarily.
All primary substations are connected to a SCADA (Supervisory Control And Data Acquisition)
systems and to the remote control at the network control centre of the DSOs and are subject
to online monitoring. In both rural and urban areas, the most common switchgear used is airinsulated switchgear (AIS). New HV circuit breakers are of SF6 type and old ones typically
minimum-oil circuit breakers.
The main equipment included in the primary substations is the power transformers. The
primary voltage level is typically 110 kV and the secondary winding 20 kV. In the rural areas,
primary substations are located outdoors whereas large indoor substations typically serve the
urban and large city areas.
The 20 kV MV switchgear is generally air-insulated with one or two main bus bars. New circuit
breakers are of vacuum type and older ones typically minimum-oil, air or SF6 circuit breakers.
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The MV switchgears are generally connected to the remote control of the network control
centre. Moreover, the switchgear is often supplied with automatic and/or delayed auto
reclosing to quickly isolate momentary faults and provide power back to the customers within
a few seconds.
The 20 kV lines are mainly built single-poled with standard design and constructions methods.
To a large extent, steel-lattice and concrete tower constructions are used. Only a very small
share of the overhead lines (OH lines) are built with wooden poles. Generally, also the cross
arms (holding the line conductors) of the 20 kV lines are made of steel or concrete. Main type
of insulator on the 20 kV system is porcelain. The design life of OH lines is 50 +/- 10 years. A
relatively large share of the overhead lines will have to be replaced within the next 10-15 years.
In line with what has been seen in other countries it can be anticipated that a share of the OH
line will be renewed as underground cable rather than OH lines.
Secondary substations are used to step the voltage from the 20 kV level down to 0.4 kV. As
such, they are in general less critical to system performance than primary substations as they
serve considerably less load and thus fewer customers. The type of secondary substations used
follows very closely the degree of cable vs. OH line ratio. For predominantly underground
systems, ground-mounted secondary substations are used whereas for the OH line systems
pole-mounted secondary substations are used. The pole-mounted substations are, thus,
subject to falling trees. Also, lightning can be a major outage cause since the protection of the
transformer generally does not have surge arresters which protect them from over-voltages.
For the rural areas, the high side protection of the transformer is commonly through fuses. In
dense areas, small circuit breakers may be an alternative to conventional fuses.
The LV network is operated at 400 V and is predominantly overhead using covered conductors.
Per definition, the local network is “close to the customers” which partly explains the higher
degree of covered conductors seen on the LV system as compared to the MV system (i.e.,
higher degree of third-party safety). The overall age profile of the LV system is closely related
to the age profile of the MV network. The LV system may be operated radially or partly
meshed. Typically, concrete pole structures are used for the LV system where also
complimentary infrastructure, such as street lightning, may be included.
Conventional customer energy meters are generally used in Romania. Quite often, the meters
are positioned directly on the (closest) LV pole on the street next to the customer’s residence.
The most common agreement for household power delivery is single-phase, 230 V. There are
also a few initiatives in Romania into so-called automated meters. These meters lower
operating expenditures for the DSOs since less manual work is needed to access the meters at
the customer site. ANRE has, as of today, approved 14 pilot projects involving six out of the
eight larger DSOs.
Regarding the technical state and the security of supply of the distribution networks a positive
trend has been observed the last 5-10 years. Even so, the interruption frequency and duration
is a factor of 5 higher than what is seen in the Nordic countries. The planned SAIFI (System
Average Interruption Frequency Index) has decreased from 1.6 interruptions/year in 2008 to
0.77 interruptions/year in 2015. The unplanned SAIFI has decreased from 6.7
interruptions/year in 2008 to 4.19 interruptions/year in 2015. Planned SAIDI (System Average
Interruption Duration Index) has decreased from 386 min/year in 2008 to 211 min/year in
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2015. The unplanned SAIDI decreased from 639 min/year (10 hours and 39 minutes) in 2008
to 308 min/year (5 hours and 8 minutes) in 2015.
4.2.3

Use of electricity for households

Romania has a relatively extensive natural gas system that in many respects provide a more
cost-efficient alternative than electricity for heating and cooking. Consequently, average
consumption of electricity for the Romanian households is rather low. Even so, ever since the
1990’ies the total electricity consumption has increased. Public lightning is much more
common. In many new houses, central gas heating systems are often complimented with
electrical monitoring and/or heat pumps. Also, the use of air conditioner units is increasing for
private households and commercial businesses, particularly in the larger cities.
Nevertheless, from an international perspective average consumption per household is low;
electricity is primarily used for lightning and charging/operation of specific electrical
appliances. Refrigerators, freezers, TV and computer are the most common appliances that
requires electricity; stoves and ovens are typically run on gas rather than electricity. The abovementioned electrical appliances are all characterized as efficient when it comes to both the
maximum power (measured in kW) required and their total energy consumption over time.
This means that - in general - also off-grid (e.g., photovoltaic/battery) solutions are possible to
support them.
However, as the income and social status of the household increase, a second class of electrical
appliances are typically introduced that has a different characteristic. These generally are
requiring a high power but has a low utilization degree (i.e., are not used on continuous basis).
Example of such appliances are air conditioners, irons, water boilers, washing machines,
vacuum cleaner, etc. For this type of appliances, off-grid solutions are more challenging since
much more robust (and thus expensive) solutions are required.
Even if only the most basic electrical appliances are used, including also some of the appliances
that require large operating power, the total energy consumption measured in kWh is for the
clear majority of Romanian households very low. A normal household customer may use as
little as 20-30 kWh per month. A larger household consumer may use approximately 100 kWh
per months. This means – as mentioned above - that the total electricity bill for Romanian
households, including also the transmission and distribution costs, is in the range RON 15-60
per month (EUR 4 – 13 per month).
The low revenues obtained from the household customers put challenges on the Romanian
DSOs. In many respects, the design, construction, operation and maintenance of the assets is
not depending on the utilization rate of the assets. This means that the financial incentive for
the DSOs to connect new customers, and to renew and maintain the existing electricity
network, is low. The connection fee (average for households RON 3003 or EUR 660) covers the
end-user LV connection but the network tariff is supposed to cover also the construction,
operation and maintenance of the overlying network. With only a few RON in potential profit
per customer and month, any unforeseen incidents or necessary renewals in the distribution
network will put the DSOs under financial pressure.
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4.3

Households without Electricity in Romania

4.3.1

Number of households lacking electrical energy

Upon initiation of the project, Sweco received a file that highlighted currently not-electrified
households in Romania. The file was developed by the Romanian Ministry of Energy. In total
21,403 households were identified in 34 different counties. This background file thus only
cover approximately 20 % of the total households not connected to the distribution grid; the
last national census (identified by the 2011 Population and Housing Census) revealed that the
total number is close to 99,000 households in 2,237 small towns and villages. In general terms,
it should be noted that lack of access to energy in Romania is the results of low income rather
than high energy prices.
While the latest information received by the MoE may be rather up-to-date and based on
recent surveys to local public authorities, the level of detail is not high, see Table 1 below.
Table 1 Data contained in MoE survey regarding not-electrified households.

Source: Ministry of Energy, Innovation Norway

Through initial contact with local authorities, Sweco and Ruxpro identified a few key issues
that need to be considered when utilizing the data developed by the MoE.
•
•
•

•

•

Only about 20 % of the total estimated households (based on the 2011 survey) are
included in the file. Not all counties are represented (five counties missing).
The local authorities have not interpreted the questions of the survey in the same way.
The estimation on total number of household without electricity includes houses
under construction and – in many cases - land/potential households that has been
allocated based on the general urban plan (PUG) and the urban zone plan (PUZ).
The list does not indicate how many of the not-electrified households that - in reality
- are lacking electricity. In some cases, the not-connected household is connected to
the distribution network through a secondary distribution system via an adjacent
household or business.
The data does not indicate the root-cause for lacking an electricity connection, i.e., if
it is:
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o
o
o

Technical reasons, for example capacity or voltage quality problems or long
distance to existing grid.
Financial reasons, household and/or public authorities cannot afford to pay
for the electricity connection.
Legal, for example no proper building permits, lack of identification, etc.

Sweco and Ruxpro has come across a few other sources of information in regards to notelectrified households in Romania. Basic background information can for instance be found in
a report related to the proposed governmental program “National Electrification Program
2012 - 2016". Due to various reasons, this program was never initiated. Nevertheless, the
report concludes that for 2011 the situation in regards to not-electrified households was such
that in total 98,871 households located in 2,237 locations were not-electrified. Out of these:
•

•
•

2,360 households located in 95 remote areas without any close access to the
distribution grid. These households may thus be classified as non-electrifiable by
conventional grid solutions (due to technical reasons).
61,187 rural households located in 1,992 locations in areas categorized as partially
electrified. Not-electrified due to financial and/or legal reasons.
35,324 households located in the 150 urban areas that for primarily financial reasons
has not yet been connected to the distribution grid. Not-electrified due to financial
and/or legal reasons.

Most the not-electrified households can be found in the service areas covered by the stateowned DSO, SC Electrica SA. In total they have 64,253 housholds in 1,165 locations.
•

•
•

1,333 households located in 57 remote areas without any close access to the
distribution grid. These households may thus be classified as non-electrifiable by
conventional grid solutions (due to technical reasons).
34,839 rural households located in 1,019 locations in areas categorized as partially
electrified. Not electrified due to financial and/or legal reasons.
28,081 households located in the 150 urban areas that for primarily financial reasons
has not yet been connected to the distribution grid. Not electrified due to financial
and/or legal reasons.

The 2011 analysis showed that the estimated cost to build the necessary infrastructure to
enable access to electricity to the entire country is RON 1,032 billion or EUR 227 million (in
2011 real value).
The main solution to reduce the numbers of households without access to electricity suggested
in the 2011 report is conventional network connection for urban and partially electrified areas.
For the remote areas, primarily the use of local generation (e.g., diesel generators) is proposed
that potentially could be shared by a group of households. Exceptions are made for remote
areas that show potential for economic growth; here also a distribution network extension is
suggested. The report also briefly mention renewable energy as a method for remote island
electrification. However, one must bear in mind that the technology of these solutions was
significantly less developed in 2011 (when the report was written) than it is today.
Also in 2011, a report was published by SC Electrica SA denoted ”Assessment of rural energy
problems”. It is a report that is well-organized and with conclusions based on a solid analysis.
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According to the study, problems on the supply of electricity to rural communities relates to
three different types of areas:
•
•
•

Remote areas that is lacking electricity infrastructure.
Developing areas which requires extension of the networks.
Electrical networks areas older than 50-60 years, which show problems with power
quality.

The second category of reasons for problems with network connections mentioned in the SC
Electrica SA report relates to:
•

•
•

New residential areas developed and planned within the town and village which may
be located at a distance from the existing distribution grid (network extension is
necessary). In some cases, the existing network in the town and villages may suffer
from lack of capacity to support new electrical load.
Individual homes built outside town and village border (i.e., due to low cost of land)
where there is a significant distance to the existing distribution grid.
Sites where there has been built holiday homes used primarily for recreational
purpose where there is a significant distance to the existing distribution grid. Here a
network connection has generally not been prioritized.

Between 2007-2012, there were in Romania several governmental initiatives targeting
household electrification and access to electrical energy. It was generally agreed upon that
electrification of rural households should have priority (i.e., remote villages). During this
period, several feasibility studies were developed targeting best-practice methods of
electrification but lack of financing for these investments resulted in very few actual household
connections. In Table 2, the situation for network connections of households in rural areas,
remote areas, and expanding network is shown for the period of 2001-2011. Note that these
data also included new connections for recently built houses and thus not represent the
number of existing not-electrified households that obtained a network connection.
Table 2 Network connections of households in rural areas, remote areas and expanding network, during 20012011.

Year
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Number of Households 5086 5446 4279 12845 7886 3623 2824 1242 111 48 37
By Electrica group:
3089 1757 705 98 37 25
By private DSOs:
534 1067 537 13 11 12
Source: SC Electrica SA ”Assessment of rural energy problems”

As mentioned above, the 2011 Population and Housing Census identified 63,547 households
without electricity located in 2,087 localities (excluding households in urban areas) from which:
•
•

2,360 households located in villages completely without electricity;
61,187 households located in 1,992 rural locations that require grid extension

In Figure 3, a breakdown of these household on a county level is presented.
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Figure 3 Breakdown of not-electrified household on county level.

Source: SC Electrica SA ”Assessment of rural energy problems”

It can be noted that the highest number of rural not-electrified households with no grid access
are found in Harghita, Caras Severin, and Alba counties. Unfortunately, Alba county was not
included in the recently conducted survey (i.e. Table 1) provided as background information
by the MoE upon initiation of this project.
The highest number of households that requires network extension and/or reinforcements are
found in Galati, Cluj, and Dolj counties.
The 2011 analysis showed that the estimated cost (assumed 2011 real value) to build the
necessary infrastructure to enable access to electricity to the entire country is RON 1,032
billion (EUR 227 million). This value includes the urban areas. Excluding the urban notelectrified households, give a total investment requirements for electrification of about EUR
175 million of which EUR 108 million can be assigned to SC Electrica SA and EUR 67 million to
the private DSOs (2011 real).
4.3.2

Socio-economic aspects

On a general level the low development of infrastructure in regards to, e.g., electricity
distribution, education, health, roads, water, sewer, and internet, creates a situation in
Romania that rather effectively blocks many development initiatives. The SC Electrica SA study
”Assessment of rural energy problems”, identifies several potential consequences of a limited
infrastructure:
•

In general, the rural economy is reduced only to agriculture (field crops, vegetable,
fruit, wine yards, raising animals), but there is no further development on rural areas
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•

•

•

•

for primary processing of agricultural products or activities/services that are not
related to agriculture, to provide alternative sources for economic growth.
Poverty (most incomes equivalent to 15 – 30 % of the guaranteed minimum wage) and
generally reduced education for the rural population. Consequently, this does not
allow initiatives to develop wider agricultural or non-agricultural activities.
There is a clear trend in the past 20 years by widening the gap between the rural and
remote areas and towns. In rural Romania, less than 10% of secondary school
graduates are attending high school and less than 2% of university students today in
Romania come from rural areas (that represents almost half of the population).
There is a clear trend towards depopulation of villages, degradation of the rural
environment (consequence of neglecting the properties) and the irreparable loss of
traditions and cultural heritage (there is no one to teach, preserve and to perpetuate
the traditions).
Migration of young people to the city and especially abroad results in an increasingly
older population in rural Romania which further blocks development initiatives and
increase cost for public authorities.

A strong and reliable electricity network will together with a general reinforcement of other
infrastructure assist in developing the rural areas creating better living conditions and
potentially generate a new type of commercial business that would trigger economic growth.
4.4

Technical Solutions for Rural Electrification

In this section, potential technical solutions as well as aspects related to future operation and
maintenance of energy infrastructure is highlighted. Since the majority of all households that
today is lacking a proper electricity connection live in close proximity to the distribution
network, a conventional network connection will be the most cost efficient and sustainable
methods to obtain safe and reliable access to electricity. For this purpose, focus is given to
cost-efficient design and construction methods applicable for MV and LV distribution.
However, also a review of various off-grid electricity alternative will be given, suitable for those
households that live and operate in very remote areas.
4.4.1

Cost-efficient distribution networks

Standards
Resulting from the development of the electricity market in Romania, like in most parts of the
world, installation standards have evolved over time. New materials have entered the market
in recent years, and many international standards have been revised accordingly. It important
when planning for new distribution systems to minimise infrastructure costs and reduce the
cost of maintenance. Thus, it is important to apply new solutions for well-known problems in
the field of electrical engineering and by that reduce the costs related to development of new
installations, renewal investments and maintenance of old and new installations.
All engineers involved in an electrification project at the DSOs must apply a least-cost design
for the investments. However, as a least-cost evaluation of a project is carried out, several
other parameters must be taken into consideration. Such parameters may be relevant regional
standards for medium and low voltage overhead lines and distribution transformer stations,
climate, quality requirements on services, etc. Likely, some deviations from the current
standards are necessary to ensure lowest possible investment cost taking safety, quality and
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maintenance into consideration. Below, a brief presentation of a few potential solutions that
has proven cost-efficient is provided in general terms.
Least-cost approach
The benefits of electrification are well known and a stable supply of electricity constitutes one
of the major factors enabling a society to develop. Electrification of households and minor
industries will contribute to an initial development of the local society. The electrification of
the rural areas will also reduce the migration of people to the major cities, especially if other
services such as telephone, internet and television are made available at the same time.
However, extension of electrical distribution systems to new remote areas is costly in relation
to the short-term revenues from energy sales in these areas, unless larger consumers are
identified close to the endpoint of the new lines. Initially there is a low electricity demand in
newly supplied rural areas, but by time the demand will grow with further investments in
industrial machines and home appliances.
It is therefore important to, in a least cost installation, consider the growth of the energy
demand for a shorter period than the usual period of 20-30 years. To minimise the initial
investments, a load forecast period of about 5-10 years is more appropriate. A shorter forecast
period is also preferred since experience shows that even detailed and well prepared load
demand forecasts are only indicative and the extension and augmentation initiatives foreseen
always must be implemented in a different sequence and at a different time than initially
planned.
The individual projects conducted upon electrification by the DSOs may thus not be the lowest
total life cycle cost solution in all cases. But for a set of projects, a least-cost approach
methodology with lower forecasting periods has been proven most cost-efficient taking, e.g.,
future maintenance, safety and energy losses, into account
Design
The initial planning of the network configuration will have a major cost implication. A proper
network design must consider:
•
•
•
•
•
•
•

Maximum load demand for each system component (lines/cables/transformers/
generation and storage (if applicable)).
Load forecast for each year (considering new areas to be electrified).
Choice of distribution system layout depending on load, distances, etc.
Proper material to be used.
Load flow during normal operation and special operating conditions.
Reliability and redundancy of network.
System performance (voltage drop/current carrying capacity of each component/
short circuit level.

An insufficient initial network planning may lead to wrong conclusions, which can, e.g., result
in that distribution components are being oversized or undersized.
The use of OH lines instead of underground cable shall be considered at first unless it has a
negative environmental impact. Three-phase MV OH lines is most cost efficiently built in
triangular configuration on wood poles. LV OH lines shall be erected at wooden poles. Since
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these lines are in absolute proximity of the households insulated bundled conductor shall
preferably be considered, and insulated concentric conductor for service connections. This will
give a safe installation and minimise the risk of illegal connections.
Commonly all MV systems shall be installed as 3-phase systems. This approach is sound when
the line sections constitute parts of a back-bone radial, or there are 3-phase consumers
connected to the line. However, use of T-off MV two-phase (commonly referred to as singlephase) distribution lines in appropriate locations will have a positive cost implication due to
savings in material.
The use of 1-phase distribution transformers should be considered at three-phase MV lines for
supplying small consumers along the line. Several manufacturers offer 1-phase or 2-phase
distribution transformers in the range of 5-100 kVA. The transformers are designed as polemounted and may include integrated and compacted MV and LV switchgear enabling fast and
easy installation. The possibility of using three single-phase transformers as a three-phase
supply makes the concept flexible and not an obstacle to future upgrades if the line is designed
to allow for an additional phase conductor.
The electricity meter should preferably be located at the edge of the customer premises
enabling easy access for meter reading and during maintenance/fault repair.
Common basic design parameters
The basic design parameters used will have an influence on the size and dimension of the
equipment and related apparatus, as well as on the technique chosen. If the basic design
parameters are inappropriate to the prevailing conditions on the site, the design may lead to
an over or under dimensioning, or that an inappropriate technique is chosen.
It is often possible to identify and correct for inappropriate basic design parameters in the
subsequent detailed design. This always leads to cost reduction. With the information known
during the detail design, smaller conductor sizes might for instance be selected for both cable
and overhead lines and/or longer spans enabling fewer poles for the overhead line.
Other issues to be taken into consideration are the minimum distance to centre of road and
adjacent buildings and the width of the line corridors. In some cases, a slim configuration of
the conductors or insulated conductor can be used thereby reducing the environmental
implication of the line and the future cost of tree clearing.
Some selected basic design parameters are:
•
•
•

The least-cost approach should be applied for a total time frame of 5 – 10 years.
HV and LV should be allowed at the same pole.
Optical fibre may/can be included at selected lines.

Due to the higher investment cost imposed by the installation of underground MV cables
instead of OH lines, the most cost-efficient approach often is to maximise the use of overhead
distribution lines as far as possible, taking the environmental impact and safety into
consideration. Experience gathered by utilities worldwide indicates that overhead lines are
considered more feasible compared with underground cable systems.
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If there is a mixture of both overhead line and underground cable, and maybe crossing of water
ponds or small lakes, it is convenient to use a cable that can be installed under all these
circumstances to minimise the number of joints. Such cable can be laid underground in
sensitive areas, continue as suspended cable over rocky ground and then continue as
underground cable, and even be used as sea cable to cross lakes where an overhead crossing
would disturb the environment. A surge arresters should always protect the cable at the
transition joint between overhead line and cable.
In areas with dense and fast growing vegetation full-insulated bundled MV cables may be used
to minimise the faults. In general, pole-mounted transformers is used in the rural
electrification projects. Larger transformers are placed on concrete foundations surrounded
by a fence. However, in sensitive areas compact kiosks may be used.
Grid extensions
Where possible, extension of existing LV network should primarily be considered as the most
cost effective way to connect additional consumers. The load of the existing consumers and
the planned load for consumers to be added is generally the limiting factor. In some cases, also
the distance to the distribution transformer may influence the design. Under certain
circumstances it can be favourable to use 960 V distribution systems in scattered load centres.
The system uses common LV equipment, approved for voltages up to 1000 V AC. The reach of
such system is up to five times the reach for a common 400 V system. At each load, or for
several loads close to each other, a small 960/400 V three phase transformer is installed (or a
single phase transformer where suitable) and the consumer is then connected by a normal
service connection kit.
Another possible technique is Single Wire Earth Return (SWER), which is a single-phase
conductor system using the ground as return path. SWER is a low-cost alternative to supply
power in sparsely populated areas, where the load is low and not foreseen to increase. SWER
systems require additional grounding arrangements at each distribution transformer
compared to traditional 3-phase systems. For lowering the touch and step voltage below
acceptable levels, a low resistance to ground must be maintained. The actual requirements
depend on the maximum load current, the maximum acceptable touch and step voltage and
the layout of the grounding arrangement (grounding rods/ring electrode). Another effect of
using the earth as return conductor is that the soil will be dried out around the grounding rods,
due to the heat generated by the return current and the earth resistance, and thereby worsen
the soil resistivity. This must be taken into consideration when calculations are made for the
grounding arrangements.
Transmission line use for distribution purposes
As a very special solution - in areas where there is no distribution network but a near lying
transmission line - so called Power Voltage Transformer (PVT) can be used. This solution will
then of course require a close cooperation with the Romanian TSO CN Transelectrica SA.
The PVT is a line-to-ground connected single phase transformer that can be used either as an
individual unit for single phase loads or in a three-phase bank to support three phase and larger
loads. The power is taken directly from the HV primary to the LV secondary output for the rural
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electrification needs. The PVT can either be used with its LV output directly supplying close
loads near the transmission lines, or step-up the output voltage through a distribution
transformer for local MV networks.
The small footprint substation can be built within the right of way of the transmission line,
surrounded by a fence, to supply reliable power without long MV lines. The PVT can also be
erected on the transmission towers, if the towers are designed for the additional load.
4.4.2

Photovoltaic panels

For areas located in very remote and rural areas in Romania, electrification through
photovoltaic (PV) panels and battery solutions may be a cost-efficient alternative. There is
currently a very rapid development in the field of PV solutions. Today, the typical users of PV
and battery systems vary to a large extend; from the poorest inhabitants in rural Africa to the
richest house owners in Silicon Valley - who has “decided” that it is a good idea to be selfsupportive of electrical energy.
Rechargeable PV panels for basic lightning
Beginning with the absolute poorest, who only have the most basic need, there has in subSaharan Africa been several projects targeting basic electrical lightning needs and the need to
charge mobile phones (see e.g., www.givewatts.org). In Romania, a similar initiative is
currently on going through the organization Free Mioritia, www.freemiorita.ro. Target group
has been school children enabling their home work to be done effectively after school. In fact,
the system is typically administered by the schools where the PV panels are stored. The
children bring the lamp to school every morning and it is charged during the school day. After
school the children bring the lamp and battery home. This system is replacing different type of
kerosene lamps that are commonly used today saving both fuel cost (up to EUR 70 per year)
and the system is – of course – much more environmental friendly since the exhaust fumes
from the kerosene is removed.
The system is equipped with a 2.5 Watts solar panel. Charging takes 6-8 hours in the sun. The
battery is rechargeable and can be exchanged if it breaks down. The lamp uses LED technology
and has three different strengths 20 Lumen can be used for 30 hours, 45 Lumen for 15 hours
and 110 Lumen for 6 hours. Included in the lamp is also mobile phone adapters for the most
common models. If the mobile phone is charged during use of the lamp the maximum duration
is reduced by a factor of two. The lamp and the PV unit is shown in Figure 4.
Figure 4 Solar panel, lamp and battery system for a simple PV system.

Source: Givewatts
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The unit cost for a simple portable PV system, such as the system described above, is less than
EUR 50. The main drawback of the system is of course its general limitations. It serves only the
most basic needs with limited upside for any sort further development for the rural areas.
12/24/48 V DC systems
PV off-grid system are often set up to work autonomously in a 12/24/48 V environment. These
systems can be used as source of power for remotely located houses for supplying power to
basic appliances such as mobile phones, computers, refrigerators, lamps and TV sets. Figure 5
show a simple setup for a 24 V system with maximum power 200 W. The system cannot
support any major appliances that requires larger operating power, such as stoves, heating
fans, water boilers, etc. Another disadvantage is that they system needs to be charged very
often and during the autumn and winter there may be long periods in Romania where the
sunlight is not strong enough to properly charge the system. Then a complementary system,
such as a simple diesel generator set may still necessary. The environmental impact is of course
significantly less if a PV system is used most of the year with only diesel generators for back up
as compared to utilizing diesel generators on a continuous basis.
Figure 5 Simple layout of a 24 V DC system charged by two 100 W PV panels.

Source: Leading Edge Power

The unit cost for a 12/24/48 V DC PV system, such as the system described above, is about EUR
250. For permanent households with children the system may be a little too simple to also
support general development and economic growth. However, for vacation houses and/or
buildings that are not used on a continuous basis the system is very cost efficient and rather
reliable.
PV panels including 220 V AC output
To support larger electrical appliances and to enable longer operation times a classical
autonomous PV off-grid system that converts 12/24/48 V to 230 V750 Hz can be utilized. The
main component of such system is:
•
•
•
•

PV solar panels
Charge controller
Inverter 230 V/50 Hz
Battery
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The key component for a reliable system is a high-quality PV charge controller. This component
controls the flow of current to and from the battery and protect it from over charging after
reaching the required voltage within the battery. These systems may be designed and
constructed in various sizes up to 6 kW but for general purposes in rural Romania a size
between 300 W and 1 kW may be appropriate. Especially since the cost of the larger units are
rather high; a 6 kW system will cost in the range of EUR 5-10 thousand. A 250 W system cost
c. EUR 500 and a 1 kW system about EUR 1,000.
A system suitable for the Romanian market has been studied by the Bucharest Polytechnic
University. A schematic drawing of the system is shown in Figure 6.
Figure 6 Layout of a 12724 V DC/220 V AC system charged by PV panels.

Source: Bucharest Polytechnic University

The Bucharest Polytechnic University study sized the PV panel to 250 W. However, sizing a
photovoltaic (PV) installation on the islanded micro-grid is complex since it requires careful
consideration of the load that must be fed and user-specific conditions. It is necessary to
establish an optimal balance between site-specific conditions, load profile of the user, the
efficient use of batteries and possible supplementary solutions for power supply in the absence
of solar energy.
According to Bucharest Polytechnic University a PV system can provide about 700 kWh per
year per kWp installed under the specific conditions of Romania. For 250 W system, this means
a total output of c. 280 kWh per year or 14 kWh per month. For certain households, a
somewhat larger system may thus be needed.
The expected lifetime of an off-grid solar system is in the range of 15 years. Maintenance
requirements are rather low and is in general limited to visual inspections of the main
components of the system. There is - in general - little to gain in terms of economy of scale for
a group of households to come together and co-own a larger PV panel system.
4.4.3

Fossile fueled generators

Diesel generators is a most common solution to secure access to electricity in off-grid areas.
They are also commonly used as back-up solutions at farms and small industries that are
dependent on a stable supply of electricity to manage the daily business. They are quite
inexpensive since they are produced in large numbers all over the world. The main drawback
is the noise level and the fact that they require fuel that need to be filled up on a regular basis.
Of course, also the environmental aspects need to be considered. An advantage is that they
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tend to be very reliable and that the average cost per kW is much cheaper than for
corresponding PV systems. 1 kW unit may cost in the range of EUR 800 from a brand name
dealer. A larger unit, i.e., 6 kW rated capacity may cost in the range of EUR 3 - 4,000.
Figure 7 Portable 1 kW gasoline generator for individual household use and a larger 6 kW diesel unit for small
industries and/or clusters of household.

Source: Honda, Pro Series

Fuel consumption is a problem for a small portable unit; it is in the range 0,7 – 1,2 litre per
kWh. This solution is thus not particular cost-efficient for households. The efficiency of the
diesel generators increase with size. For a cluster of households, a larger unit can thus be used
where the cost is shared between the users. However, even so, the fuel cost is rather high and
utilizing diesel generators for continuous use is simply not plausible.
Portable generators can also run on different fuels, such as propane. Propane generator fuel
usage is among the most efficient. Propane has a long shelf life, is clean burning, and easily
stored in small or large tanks. In many cases, home delivery is available which makes it easier
and convenient. Propane is much less expensive per gallon, but is burned more quickly than
gasoline and diesel.
The estimated life time of a diesel generator is rather long, at least 10-15 years and even longer
if the unit is sparsely used.
4.4.4

Small scale wind power

In principle, the set up for a small-scale wind power off-grid system is rather similar to what
previously has been described for the solar panel systems. The main difference is that instead
of utilizing PV panels for charging the battery, a small wind turbine is used. Of course, the wind
power system is more suitable in windy areas and in areas subject to fewer hours of direct
sunshine. But it is a little more dependent on regular maintenance since it contains moving
parts. The key parameter to considered when planning for a wind power system is the amount
of wind at the planned site and – if applicable – any zoning restrictions. The power output of
wind power is much higher if the turbine is placed on a tower and even within a limited area
there will be variations in performance depending on how the generator is installed.
It is recommended that the manufacturer of the wind system, or the dealer where it was
bought install the small wind electric system. The turbine must be wired in a safe way and also
the batteries needs to handled and installed safely.
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With proper installation and maintenance, a small wind electric system should last up to 20
years or longer. Annual maintenance can include:
• Checking and tightening bolts and electrical connections as necessary.
• Checking machines for corrosion and the guy wires for proper tension.
• Checking for and replace any worn leading edge tape on the turbine blades, if
appropriate.
• Replacing the turbine blades and/or bearings after 10 years if needed.
Small wind turbines used in residential applications typically range in size from 400 W to 20
kW. An estimate of the annual energy output from a wind turbine (in kWh per year) is the best
way to determine whether it and the tower will produce enough electricity to meet the desired
need. A wind turbine manufacturer can estimate the energy production expected.
The manufacturer will use a calculation based on these factors to estimate the desired rotor
diameter:
•
•
•
•

Particular wind turbine power curve.
Average annual wind speed at site.
Height of the tower that will be used.
Frequency distribution of the wind -- an estimate of the number of hours that the wind
will blow at each speed during an average year.

The manufacturer should also adjust this calculation for the elevation of the selected site. Wind
turbines are in general more expensive to install than PV solar panels; the actual purchasing
price may be similar but installation is generally more expensive for wind turbine. A 300 W
wind generator may cost in the range of EUR 250-300, excluding tower.
A combination of power generation sources may often be a very good alternative in rural
remote areas without access to the electricity grid, see Figure 8.
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Figure 8 Illustration of a combined generation and battery system for household use.

Source: US Department of Energy

Of course, this system will become more expensive but the reliability and security of supply is
better. A combined 300 W system utilizing solar and wind should still be able to be installed
with a unit cost slightly above EUR 1,000.
4.4.5

Small scale (or pico scale) hydro power

In areas that has flowing water one may benefit from a micro-hydro system that can provide
power 24 hours a day. Water turbines can steadily charge 12, 24, or 48 V batteries, working
around the clock. This should be compared to solar modules that are in sunshine for, at best,
six full-power hours a day (and that is on sunny days). A hydro generator producing 10 amperes
around the clock matches the usable power generated by over 40 amps of solar modules.
Small/pico scale hydro is one of the most cost effective and reliable forms of renewable energy,
but planning and site considerations is often rather complex. Pico scale hydro is very common
in southeast Asia were there has been several 100,000 installations.
The amount of power that a system will generate dependent on the head, the amount of water
flow, and the efficiency of the turbine generator. The head is the vertical drop over the distance
of pipe to be utilized. The head correlates with water pressure available. Flow is measured in
liter per minute. These variables will change throughout the stream, so it is a good idea to take
several measurements from areas that are allowed to be tapped for energy production
purposes. The main components of a small/pico scale hydro power system are:
•

Intake: This is the area of the stream where you are beginning the pipeline or penstock
for the system. The intake should utilize either natural elements of the stream, or a
dam to direct the streams flow into the pipeline.
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•
•

Pipe or Penstock: This is the fuel line of the system. It is critical that the pipe is sized to
minimize friction and pipe losses.
Turbine: This is the engine of the system. There are many different turbines available,
each designed for different site considerations. Turbines are available with different
nozzle choices which can regulate the flow during periods of time when the stream’s
flow changes due to the season.

Overall, the small/pico scale hydro power system is very similar to an off-grid solar or wind
system where the renewable energy source is charging batteries or a generator system that
charges a battery bank. As for these other systems, the key component for a reliable system is
a high-quality charge controller. This component controls the flow of current to and from the
battery and protect it from over charging after reaching the required voltage within the
battery.
In terms of installation cost, a 200 W low head will cost approximately EUR 300, see Figure 9.
Figure 9 Micro hydro low head 200 W turbine.

Source: Powerpal

In addition, there will of course also be civil works needed to set up a working system and
electrical wiring through battery systems and charge controller. Nevertheless, a 200 W system
is likely as cost-efficient as similar sized generation systems utilizing solar and/or wind. Regular
maintenance of all moving parts is necessary but the design is rather simple and repair works
is rather straight-forward.
4.4.6

Comparison of systems

In most cases that relates to rural electrification it has proven to be both most sustainable and
long-term also most cost-efficient to extend the existing distribution grid. This generally gives
the best flexibility for the long-term development of a village or a group of households,
although it may not always be the cheapest alternative when only considering the up-front
investment cost. Romania is in many respects a very developed country when comparing to
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other countries subject to third-party financing of electrification projects. For a sub-Saharan
village with no access to electricity, the possibility to charge a mobile phone and obtain access
to lightning without having to breath in exhaust fumes from kerosene is a clear improvement.
However, this solution does not enable the households to take any progressing steps in their
development, e.g., through installation of a refrigerator for household use.
In Romania, the same line of reasoning can be applied to the portable off-grid solutions with a
maximum output of c. 200 W. Total installation cost for these units are in the range of EUR 500
to EUR 1,000. The total life time of these units are c. 15 years and they require certain
continuous maintenance and inspections to work properly. These solutions will enable certain
appliances to be used – which is positive - but it will not be sufficient to trigger any additional
economic growth. Furthermore, it will likely not be a sufficient trigger for the young population
to be able to take a decision to stay in the remote areas and developing the current lifestyle
and local businesses that potentially can generate job opportunities locally.
For all electric energy installations, it is important to consider quality of services and a lifetime
cost including maintenance for 15-20 years. As mentioned above, additional benefits of the
electrical installations will come from the flexibility of connecting new consumers or upgrading
already connected properties during the same period.
In Table 3 a simple comparison of different possible technical solutions for electrification is
provided. The off-grid alternatives are for the relative simple options of c. 250-400 kW
maximum power and an installation cost below EUR 1,000
Table 3 Comparison of different possible technical solutions for electrification.

Item

Network
Photovoltaic
Connection
Panels
X
X*
X
X**
X

Diesel
Generators
X*

220 V AC
3-phase loads
Distance from
X
source 0-5 km
Distance from
X
X
source 5-100 km
Distance from
X
X
source 100-150 km
Total load <0.5 MVA
X
X
X
Total load 0.5-1
X
MVA
Total load >1 MVA
X
Expansion of existing
X
load
Connection of
X
adjacent households
*DC/AC inverter required, ** LV connection utilizing 1 kV system

Wind
Generation
X*

Micro
Hydro
X*

X

X

X

X

X

X

X

X

Source: Sweco team analysis

The network connection is in most aspects superior to off-grid alternatives due to its
availability, security and load expansion opportunities. However, the up-front investment cost
is, as mentioned above, rather high. It is thus critical that alternative constructions, such as
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wood poles are used instead of concrete or steel poles. A least-cost approach with a somewhat
shorter planning horizon should be considered for planning purposes whenever possible to get
more infrastructure for the same investment. However, direct low-cost alternatives do seldom
pay off in the long run. But a trade-off between what would in the 30-40 years long term
planning horizon be the most cost-efficient and solutions with limits the initial investment and
offers an “acceptable” cost-efficiency must be done. To further reduce the initial investment
need, the MV lines may be built as a 3-phase line but with only two phases initially strung and
utilizing two-phase distribution transformers. These lines can then be completed with a third
phase when the need arises.
Internationally, it is common that inhabitants from one area of a country not included to be
electrified in the masterplan for the coming years build an isolated grid with a small power
generation unit commonly owned by the village. In Romania, this form of electrification is not
common. In the northern parts of the country it is however found, among the mountain farms,
co-owned mills that is powered by a small river, see example in Figure 10 below.
Figure 10 Co-owned mill in Transylvania.

Source: Sweco and Ruxpro

Usually it is used on a time-shared based on weekdays and the mill maintenance is done by all
the owners. So, in principal this method of ownership of electrical infrastructure could have
some cultural roots in Romania and possibly be successful. A problem is that most unelectrified households in remote and rural areas are located rather far apart from each other
and/or are too few to make this solution attractive. In general for Romania, all villages and
towns have access to electricity networks within a short distance. In sub-Saharan Africa this is
not the case. For a village, a co-owned island system may provide a good option while waiting
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for the main line to connect the village. In rural Romania the households that are nonelectrifiable are simply not found in large enough clusters in order to motivate co-ownership
solutions. Therefore, it is recommended that the off-grid solutions – when applicable – are
dimensions and operated on a household level.
4.5

Conclusions

There are today, according to the 2011 Population and Housing Census, approximately 100,000
households in Romania that has no, or limited, access to electricity. Out of these 2,360
households are in remote areas without any close access to the distribution grid and 61,187
households in locations that can be categorized as partially electrified. The remaining
households can be found in urban areas where financial and/or legal reasons represents the
main cause for not having access to electricity.
In practice, the number of households without access to electricity is however lower. The local
authorities have not interpreted the questions of the surveys in the same way and often the
total number of listed households includes houses under construction and land/potential
households that has been allocated based on the general urban plan (PUG) and the urban zone
plan (PUZ). Moreover, many households in Romania without any official agreement with a DSO
have arranged a secondary feeding from an adjacent household or commercial business. A
draw-back with the current data available is that the root causes for lacking electricity is
missing in the available data, i.e., if it is due to technical challenges, lack of financing, or lack of
proper legal documentation.
In 2015, a total of 49 electricity distribution operators were active in the Romanian electricity
market. Eight of these are serving over 100,000 customers. In general, the distribution
operator has the obligation to develop and finance distribution grid extensions. In the case
when investments realization cannot be justified economically (based on target and set
methodology in ANRE Order 75/2013), the extensions can be financed by co-participation of
public authorities, after informing ANRE. Often, the financial indicators of the network
investments for new residential areas is very weak for the DSO. Then more or less full financing
is required by the local authorities; only the network planning resulting in a design and
specifications are then developed by the DSO.
In 2015, the average cost for a new connection was RON 3003 (c. EUR 660). This sum
represents the very final portion of the network that is individual to each household. It does
not include any general network reinforcements or extensions needed to connect the
customer. In Romania, electricity is primarily used for lightning and charging/operation of
specific electrical appliances. Refrigerators, freezers, TV and computer are the most common
appliances that requires electricity; stoves and ovens are typically run on gas rather than
electricity. A typical monthly electrical energy bill for a Romanian household customer is in the
range RON 15 to RON 60, which corresponds to EUR 4 to EUR 13 (consumption between 30110 kWh per month).
The general level the low development of infrastructure in regards to, e.g., electricity
distribution, roads, water, sewer, and internet, creates a situation in Romania that rather
effectively blocks many development initiatives. The rural economy is reduced only to
agriculture but there is no further development on rural areas for primary processing of
agricultural products or activities/services that are not related to agriculture, to provide
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alternative sources for economic growth. There is a clear trend in the past 20 years by widening
the gap between the rural and remote areas and towns. Migration of young people to the city
and especially abroad results in an increasingly older population in rural Romania which further
blocks development initiatives and increase cost for public authorities. A strong and reliable
electricity network will together with a general reinforcement of other infrastructure assist in
developing the rural areas creating better living conditions and potentially generate a new type
of commercial business that would trigger economic growth.
The structure of the Romanian distribution networks can be described as quite typical for the
industry. The initial findings based on the desk-review has confirmed that for the very clear
majority of households currently not – at least officially – electrified, a grid connection would
be the most natural option taking future flexibility, sustainability, reliability, and safety into
account. The main draw-back with the grid connection is the high initial investment cost. It is
thus of primary importance for the Romanian DSOs to develop cost-efficient design and
construction methods tailored to facilitate this development. In practice this mean targeting
solutions where the initial investment cost is lowered so that more customers can be
connected for each EUR spent. Experiences from other countries that are subject to
electrification projects has proven that one must settle with a network design and construction
policy that is “good enough”. A number of different off-grid solutions has moreover possible.
Each of them has advantages and disadvantages from a technical and sustainability point of
view. However, in general photovoltaic panels, micro-scale hydro, and wind power all
represents good sustainable and cost-efficient methods to be used as alternatives to grid
connection for remotely located households and commercial business.
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SITE VISITS
The site visits were conducted in the period March 7 to March 15, 2017 with two separate
teams, each consisting of two Sweco representatives and two Ruxpro representatives. One of
the teams spend – in total – three days in the eastern areas of Romania whereas the other
team spent – in total – 10 days in the north, west, and central parts of Romania. Individual
reports from each visited location is included in this report as an Appendix to this report. In
this section an overall summary is provided including background information, general
observations and key findings.
5.1

Background and Selection Criteria

The documentations received from Ministry of Energy regarding currently non-electrified
households in Romania formed the basis for setting up an appropriate site visit schedule and
for the overall planning the site visits. The background material however only covered c. 20 %
of the total number of un-electrifies households in Romania (c. 99,000 households identified
by the 2011 Population and Housing Census). Sweco and Ruxpro grouped the proposed
locations for the site visits into different categories to obtain a share of locations that would
be representative of the overall conditions in Romania.
•
•
•

•
•

•

City locations was excluded since a conventional network grid solutions would be
most sustainable and cost-efficient.
Site visits was planned in all geographical regions of Romania to assess variances in
terms of social status and natural resources.
Site visits were mainly conducted in areas where there is indicated a rather high
number of not-electrified household. Site visits to municipalities and areas that has
indicated only a few not-electrified households were omitted.
Focus was set on areas that were indicated to have a distance larger than 300 m to
the existing distribution network.
There are eight main DSOs in Romania and site visits were conducted in the service
areas of all these to learn more about any potential variances of the DSOs operational
practices.
A maximum of 4-6 locations per day was deemed realistic for the site visits and for
most of the days Sweco and Ruxpro tried to keep the driving distance below 300 km.

Each site visit was planned to last for approximately one hour and to begin with an information
meeting at the city hall followed by a visual inspection of areas currently not-electrified.
Due to the rather limited information supplied by the Ministry of Energy, the planning of the
site visits had certain limitations:
•

•

Approximately 80 % of the not-electrified households where not included in the
background material. However, even with the relative small share of documented
households, the site visits could not cover all these areas. Consequently, it will not be
possible at this stage to, in a very detailed fashion, pin-point 10,000 actual households
suitable for electrification.
No real reasons as to why the households are not-electrified was included in the
background material.
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•
•

The indicated social status of the households was not very detailed; i.e., categorized
as “poor” for almost all locations.
Many the households classified as not-electrified in fact turned out to have “nonofficial” access to electricity through secondary distribution of power.

It would for the next phases of the of the Norwegian Financial Mechanism and the EEA
(European Economic Area) Financial Mechanism, 2014-2021 be most useful to obtain an
assessment of actual not-electrified households with a somewhat higher level of detail.
5.2

Site Visit Schedule

In summary, the site visits covered over 40 municipalities in 20 different counties. The actual
route map that relatively well represents the main route for the site visits is shown in Figure
11.
Figure 11 List of municipalities and counties covered by the site visits.

Source: Sweco and Ruxpro

A more detailed breakdown of actual locations for the site visits as well as contact persons at
each public authority is given in Table 4 and Table 5, below.
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Table 4 Site visit locations – Team 1 Sweco Ruxpro.

No

County

Municipality

Mayor

1

Day no. Date
1

07,03,2017

Mehedinți

Simian

2

1

07,03,2017

Caraș Severin

Sichevița

3

2

08,03,2017

Caraș Severin

Armeniș

4
5

2
2

08,03,2017
08,03,2017

Arad
Arad

Tauț
Archiș

6

3

09,03,2017

Bihor

Finis

7

3

09,03,2017

Bihor

Lugaşu de Jos

8

3

09,03,2017

Sălaj

Bobota

9

3

09,03,2017

Satu Mare

Acâș

10

3

09,03,2017

Satu Mare

Tășnad

11

3

09,03,2017

Satu Mare

Turulung

12

4

10,03,2017

Maramureș

Sighetul Marmației

13

4

10,03,2017

Maramureș

Rona de Jos

14

4

10,03,2017

Maramureș

Rona de Sus

Vasile Gioara
Kramer Nicolaietel. 0729 805 420
Vela Ioan Cristiantel.0784.253.640
Lela Florin tel. 0748.413.748
Valea Nicolae
Man Ioan Florian; tel.
0728962210
Sorban Leventetel. 0729.906.919
Moravit Mugurel;
tel.0745300336
Balogh Tibor- tel.
0785.210.794
Grieb Csaba- tel.
0740.033.005
GYÁKON GHEORGHENICOLAE
HORIA VASILE SCUBLI tel.
0722.630.963
HERBIL ION tel 0755.667.172
ROMANIUC IOAN tel.
0727.343.423

15

4

10,03,2017

Maramureș

16
17

4
5

10,03,2017
11,03,2017

Maramureș
Bistrița Năsăud

Poienile de sub Munte
(CANCELED)
Ieud
Tiha Bargaului

18

5

11,03,2017

Suceava

Dorna Candrenilor

19

5

11,03,2017

Suceava

Campulung Moldovenesc

20

5

11,03,2017

Suceava

Vatra Moldovitei

21

5

11,03,2017

Suceava

Partestii de Jos

Suceava

Vicovu de Sus –
(canceled)

22
23

6

12,03,2017

Botoșani

Curtești

24

6

12,03,2017

Botoșani

Stăuceni

25
26
27
28

6
7
7
7

12,03,2017
13,04,2017
13,04,2017
13,04,2017

Neamț
Neamț
Harghita
Harghita

Alexandru cel Bun
Ceahlău (Canceled)
Toplița
Gheorgheni

29

7

13,04,2017

Harghita

Joseni

30
31
32
33

7
8
8
8

13,04,2017
14,03,2017
14,03,2017
14,03,2017

Harghita
Harghita
Covasna
Covasna

Suseni
Praid
Hăghig
Boroșneu Mare

34

9

15,03,2017

Brașov

Budila

Oncea Ştefan
DAVID NICOLAE TRAIAN
VASILE ȘUT
Dănuț Candrea- tel.
0745.809.234
Mihăiţă NEGURĂ tel.
0723177715
Virgil Saghin
Toma Ioan Pavelo740.498.195
Schipor Gheorghe
ANTON MARICEL
0741.043.288
Burlacu Relu Valentin- tel.
0742.746.326
ROTARU ION
Coroama Dumitru
Platon Stelu
Nagy Zoltán
GÁLL SZABOLCS- tel
0741.412.221
Egyed József
BOKOR SÁNDOR
Ing. Alexandru Cucu
Ilie Nicolae tel. 0731.026.181
MARȘAVELA IRIMIA
0769.095.655

Source: Sweco and Ruxpro
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Table 5 Site visit locations - Team 2 Sweco Ruxpro.

No

Day no. Date

1

1

07,03,2017

2

1

07,03,2017

3

1

07,03,2017

4

1

07,03,2017

5

2

08,03,2017

6

2

08,03,2017

7

2

08,03,2017

8

3

09,03,2017

County

Municipality

Mayor

Călărași

Fundeni

Călărași

Tamadau Mare

Constanța

Limanu

Tulcea

Luncavița

Galați

Tulucești

Galați

Grivița

Galați

Liești

Vrancea

Odobești

Gherorghita Cartusanu
Contact: 0786.095.370
Chirica Constantin.
Contact: 0723.689.724
Georgescu Gheorghe Daniel
Contact: 0748.020.916 (vicemayor)
Ilie Ştefan
Contact: tel. / fax:
0240.541203, 0240541201/
0240.541203
Bratu Petrica
Contact: 0744.554.967
Chebac Nita
Contact: 0724029310
Boţ Iulian
Contact: 0753.315.588
Daniel Gheorghe Nicolaş,
Contact: 0741.110.000

Source: Sweco and Ruxpro

It should be mentioned, that the local authorities were most cooperative in setting up the
meetings on relative short notice.
5.3

General Observations

As mentioned previously, the relatively limited background documentation in regards to notelectrified households did create some challenges for the preparations since it was very
difficult to beforehand - when planning the site visits - assess the various root causes for the
lack of electrification. During the site visits it also became clear that the actual numbers of notelectrified households for most areas reported also included:
•
•

•

Houses/households under construction
Potential houses/households possible to be built in future where land (maximum 500
m2) has been awarded to young people based on Law no. 15 / 2003. In some cases,
land has also been sold directly to inhabitants for exploitation.
Houses/households built and where there is no “official” electricity connection but
where access to electricity is secured through re-wiring from, e.g., an adjacent house
that has an official agreement with the DSO.

Re-wiring from an adjacent house is common in clustered areas with lower socio-economic
status and is usually done without approval from the DSOs. An example of such re-wiring is
depicted in Figure 12 where the house owners has built a simple secondary network on
wooden poles. Sweco and Ruxpro also came across a few examples in which the re-wiring was
done with approval from the DSO on a short-term basis (while waiting for the permanent
infrastructure to be built).
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Figure 12 Unofficial redistribution of power to a recently built house in the town of Grivița.

Source: Sweco and Ruxpro

During the site visits, it relatively quickly became evident that it was possible to divide the notelectrified households into four main categories. The clear majority of the households without
access to electricity is found in the first two categories below:
•

•

•
•

Not-electrified households in populated areas and with proximity to distribution grid.
Typically, a new residential area planned at the outer edge of an existing town or
village.
Not-electrified households in rural residential areas (newly built and/or planned to be
built that is part of the city plan). Typically, a new residential area planned in proximity
to an existing town/village but without immediate access to the distribution grid.
Non-electrifiable households located in very remote and rural areas, typically small
farms (so called catuns).
Non-electrifiable households (vacation houses) and commercial business located in
remote and rural areas suitable for eco-tourism, e.g., ski resorts.

The main reasons as to why certain household today lack access to the electricity grid in
Romania are primarily financial and to a lesser degree legal. In certain cases, i.e., isolated
villages and recreational remote and rural areas there may also be technical challenges to
obtain a network connection.
5.3.1

Not-electrified households

The majority of the not-electrified households are found in expansion areas in direct, or close
proximity, to an existing town or village. Through a conventional municipality planning process,
these areas are identified and prepared and the land is then either sold to people who are
looking to build a house and settle down or given away for free to young people as part of a
legislation package denoted law 15/2003.
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The necessary infrastructure to support the new residential areas are only partly prepared by
the municipality, e.g., roads and in some case water and sewer. However, there is no obligation
(in general and as stated in law 15/2003) for the local authorities to provide a cost-efficient
possibility for the new households to connect to the electricity grid.
For the electricity connections, this typically lead to certain threshold effects for the new house
owners as illustrated in Figure 13.
Figure 13 Typical characteristics of household areas developed in response to Law 15/2003.

High
connection
fee

Existing residential area

Primary road, easy access to electricity

Secondary road, no easy access to electricity

New residential area

Low
connection
fee

Source: Sweco and Ruxpro

The new residential areas are most often planned in direct connection to the outer borders of
the town/village. All the existing main roads within the city and/or village typically have direct
access to the electricity grid. This means that the households located close to the existing
primary road can be connected relatively easy at a connection fee often below EUR 500
(although some in the first row may also not be connected due to financial or legal reasons).
However, the households located further in, on secondary roads, will have more problems.
Here a new portion of back-bone LV line is needed in addition to the individual connections.
The connection fee for the first households then typically become rather large since they have
to cover the entire extension of the network as well. This will often exceed EUR 1000 and can
be even higher, see also Figure 14
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Figure 14 Most of the households in the primary road have an official electricity connection but households
located on secondary roads will not have direct access to electricity.

Source: Sweco and Ruxpro

Moreover, there may be technical requirements set by the DSO that all households cannot be
connected utilizing LV connections from the already existing secondary substations. Also, the
MV network may need to be expanded into the new residential area and a new secondary
substation must be built. For a group of individual households such up-front investment is
impossible. The DSO will, on the other hand, only conduct the investments if a large share of
the new households sign up (generally > 70 % and sometimes even higher depending on the
business case for the DSO). However, since the residential areas are built in different phases,
the first house owners will have no opportunity to obtain a cost-efficient network connection.
Therefore, these households instead set up a secondary distribution from the households
located on the primary roads. In general this functions rather well but there are certain
drawbacks:
•
•

•

Safety may become an issue if the re-distribution of power is not done in a professional
manner.
During the winter, capacity may become a problem since the fuses on the primary
connection point will become overloaded. Also, voltage quality may become an issue,
for example voltage drop.
From a legal perspective, the households on the secondary road become dependent
on the households that holds the primary connection point. These secondary
households may also in some cases be subject to a somewhat higher cost of electricity
as charged by the holder of the DSO contract.

The total electricity bill for Romanian households, including also the transmission and
distribution costs, is in the range RON 15-60 per month (EUR 4 – 13 per month). Sweco and
Ruxpro got confirmation from essentially all visited municipalities that the electricity bill is not
generally a problem for the households. The problem is the connection fee, especially in those
cases where there is no direct access to the distribution network.
The development of a newly planned residential area with respect to electricity access can be
described in a few steps, see Figure 15 below.
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Figure 15 Schematic description of the development of a new residential area with emphasis on the opportunity
for electricity connection.

Phase 1

Phase 2

Phase 3

Phase 4

Phase 5

Land area made
available by
municipality

Initial exploitation of
area

Gradual continuous
exploitation

Gradual continuous
exploitation

More than 70 %
exploitation

Most household
possible to connect
to grid

Portion of household
possible to connect,
introduction of
secondary
connections

Only secondary
connections, risk for
capacity limitations

Households possible
to connect to grid

DSOs requirements
for investments not
fulfilled

DSOs requirements
for investments not
fulfilled

DSOs requirements
for investments not
fulfilled

DSOs requirements
for investments
fulfilled

Option for
municipality or
households to cover
investment for DSO

Option for
municipality or
households to cover
investment for DSO

Source: Sweco and Ruxpro

The clear majority of all locations with not-electrified households during our site visits can be
assigned to areas in Phase 3 and Phase 4 (see Figure 15).
The primary reason for this situation is that the municipalities is lacking the financial strength
to co-finance the expansion of the network with the local DSO. The DSO on the other hand,
show – on good grounds – limited interest if not the financial indicators for the projects are
fulfilled.
•
•

Net Present Value (NPV) > 0
Recovery time for investments < 20 years

In many cases, the financial indicators of the network investments is very weak. Then more or
less full financing is required by the local authorities; only the network planning resulting in a
design and specifications are then developed by the DSO. Many new areas therefore will
remain in Phase 3 or 4 (see Figure 15) since the lack of electricity act as a barrier for further
development.
A second type of situation subject to not-electrified households - that also is related to the
municipalities development and expansion plans - are new areas that planned a c. 3 to 5 km
distance from the town or village centre. There is in these cases no obvious simple solution for
electrification since the closest distribution line may be several kilometres away. Many of these
areas are very beautifully situated but the lack of necessary infrastructure limits the use of the
properties to mostly weekend or summerhouses. The social status of the owners of these
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house is in general rather good although it is not possible for them to alone support the
extensive network expansion needed to get access to electricity. An example of such area is
shown in Figure 16.
Figure 16 A remote expansion area where with new houses where distribution network is several km away.
This area had more than 60 houses built with potential for more.

Source: Sweco and Ruxpro

It is very likely that if there were an available network grid connection, many of the current
and new families would settle permanently at the site. This will in turn create the demands for
other public services, such as school busses, if enough children are living in the area. Currently
this type of services is missing which, in addition to electricity access, represents a barrier for
permanent settlement.
Socio-economic status
In general, it could be said that the newly planned areas on the very border of towns and
villages have a socio-economic status that ranges from very poor to medium income. There is
today in Romania groups of people that generally would be classified as poor or very poor.
Often the families live in several houses that are grouped together on a relatively small area.
Many lack proper legal papers for the land and house. Potential income for a family with three
kids in schools is c. RON 1000 per month (EUR 225). This includes social welfare, school
allowance and state children allowance. A connection to the electricity network is not
prioritized due to its relatively high cost. This is especially the case if access to electricity
network anyway can be arranged through secondary distribution form an adjacent household
that has a legal agreement with the DSO.
Moreover, a large share of the population in the new areas is younger families with children.
The adults are generally working but their overall salary level is rather low, ranging from c. EUR
300 to EUR 500 per month. In addition, families with children will qualify for certain financial
support such as school allowance and state children allowance. They generally build their
houses themselves with the help of families and friends.
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When a young family is given land by the municipality under Law 15/2003, they must start
construction within one year and complete the house within three years to keep the land. This
means that in most areas, even the sub-urban ones, houses are mostly completed. Some areas
have 60-120 houses that are ready built but not lived in due to lack of electricity. Many of these
areas also have a lot of empty lots that has yet not been distributed via Law 15/2003 and/or
yet sold to people who plan to build a house. Barriers for development such as roads and
water/sewer is usually better developed by the municipalities (sometimes with external
funding via EU and/or Bucharest) than the electricity access.
In the new development areas, further away from the town and village centres, the socioeconomic status is better and ranges from low to medium income. As mentioned above, these
areas are often chosen due to relative close access to the village or town and their natural
beauty. Here the barrier for network connection is not the individual connection fee but rather
the very high investment necessary for the extension of the MV network, including secondary
substations and back-bone LV network. For the expansion areas, closer to the village, also the
actual connection fee is a problem and sometimes there may also be some legal aspects that
prevents the grid access, e.g., proper building permits.
Non-electrifiable households
When the distance to the existing distribution grid gets to large – if combined with a very low
load demand – a conventional network solution will simply not become feasible. During the
site visits, Sweco and Ruxpro come across many such areas. In relative terms, the number of
households living without access to electricity in these very remote and rural areas are
however rather few, i.e., less than 3,000 households out of the c. 99,000 households without
electricity access identified by the 2011 Population and Housing Census. In the site visits
performed by Sweco and Ruxpro, a general observation was that the relative share of nonelectrifiable households was somewhat larger than is indicated by the 2011 study.
Two groups of households/areas have been identified that can be categorized as nonelectrifiable using the planning principles and construction practices of the DSO as of today.
Small scale farms, traditional Romanian country-side lifestyle
Isolated villages/settlements, in Romania called Catuns, located usually with 100-200 m
elevation above closest village or town center in the hill and mountain zones of Romania. In
these areas, the traditional way of life of the villages is preserved, see Figure 17.
Main occupation for these villagers is to raise animals (cows, sheep, etc.) and agriculture
(mostly developing the land for their own family use). Generally, in these areas the animal
farms are rather small (maximum 10 cows and 20-30 sheep) but some larger units may also be
found with around 40 cows and 200-300 sheep.
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Figure 17 Typical rural settlement of small farms (Catuns).

Source: Sweco and Ruxpro

These areas are the last areas in Romania where the historical village life has been preserved
with historical traditions of hundreds of years. The population is often very old, over 50-60
years but often also several generations of the same family is found. During the site visits we
met villagers of three generations where the second generation (30-40 years) mostly had a
house in the close by town or village to simplify for their children to go to school. Most of the
time in these areas, the access roads are of poor quality. The households without access to
electricity are generally private properties and for some houses various off-grid solutions are
applied such as diesel generators and photovoltaic panels. Those that make use of small
generators are commonly very selective with their usage due to noise pollution, diesel cost
and investment cost.
There are also cases when houses from these areas are occupied only during spring-autumn
for raising animals. The quality of the milk and meat is in general very high. The animals have
very natural conditions in their pastures where no chemical products are used for fertilization
or herbicide. Introduction of electricity in these areas ensure the continuity of this traditional
way of life. The tendency in these areas is depopulation. The younger people certainly would
require access to electricity to long-term maintaining and developing the life at the farms. If
nothing is done, the village and farm tradition will eventually fade away in Romania.
With access to electricity it is probable that – for example - an association of several families
could establish a small factory to process high-quality milk products. There is furthermore
potential for expanded agriculture and meat production, although somewhat dependent on
the possibility to produce refined products and have cold storage for products to be sold on
the market.
A grid connection would of course bring the most expansion potential for the individual
households but the investment cost would be very high per connection. On the other hand,
these households could be very well suited for PV panels, but that would limit the possibilities
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of using electric farming equipment unless larger – and more expensive - units are used. A
simple PV panel and battery system of 250 W will likely not be sufficient to trigger any
economic growth.
When asked what the primary use of electricity would be for this group of households the most
common answer was to refine their agricultural business including raising animals or to start a
woodworking business. However, a rather common answer was also to invest in a guesthouse
business or other tourism and recreational activities. In fact, many of these non-electrifiable
areas are in regions suitable for this type of activities.
Recreational areas and areas suitable for commercial tourism activities
In addition to the old-school farm and village life in remote and rural areas there are also other
remote areas in Romania suitable for development. There are area/zones especially in the hill
and mountain areas were there has been constructed vacation homes that has road access
and typically water and sewer in centralized systems or individually. Some of these houses are
also used for permanent living, see Figure 18.
Figure 18 Recreational houses in northern Romania.

Source: Sweco and Ruxpro

The cost for electric grid connection (say 3-8 km from existing distribution network) cannot be
financed by the owners of the houses. Based on discussions with the local authorities,
obtaining a stable reliable grid connection to these areas would not only benefit the
households that today rely on off-grid solutions but would also form the basis for a build-out
of commercial business taking advantage of the strategic location when it comes to tourism
and recreational activities. This in turn could potentially generate new jobs and strengthen the
economy of the municipality. However, due to lack of money, the local authorities are in no
position to finance an extension of the MV-grid for attracting new businesses.
What possibly could trigger electrification in such area is the establishment of a commercial
business, such as a resort or hotel. In fact, in many of these areas there are quite some small

PRE- FEASIBIL ITY,

EL ECTRI FICATI O N

R O MANIA

PAG E

5 0

O F

73

scale commercial activity, SMEs (Small and Medium Enterprises). Many of these SMEs has
indicated that their business may be scaled up granted that there would be a grid connection.
In the northern parts of the country, there are some smaller ski resorts that today run its
operations, including ski-lifts, on diesel generators. There are plans for these resorts to open
new slopes and grow their business, but with the high costs of operating fossil-fueled
generators the investments are currently on hold, see Figure 19.
Figure 19 The guest houses nearby a ski resort. The guse houses has small-scale solar panels whereas the ski
resort mostly run on diesel generators.

Source: Sweco and Ruxpro

Several municipalities have performed feasibility studies over the past 15 years of potential
area development. These studies show a potential and the required investments are in many
respects solid and financially sound but cannot be realized due to the lack of funds for network
connections. Many of the commercial initiatives that Sweco and Ruxpro became aware of
during the site visits was related to eco-tourism, establishment of various health-promoting
clinics and sanatoriums and establishment and growth of existing ski resorts, see also Figure
20. The municipalities are in general very positive to these sorts of initiative and is prepared to
do whatever possible to facilitate the process when it comes to permits, necessary decisions,
the planning process, etc. They will also assist in contacts with the DSOs but cannot cover cost
for network extensions to individual commercial businesses.
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Figure 20 Wine yards and fruit farms located in remote and rural areas of Romania.

Source: Sweco and Ruxpro

From a socio-economic point of view, the households located in remote and rural areas may
often not be more vulnerable or poor than the corresponding households living in the towns
and villages. Financial support for an electricity access should be bases on the same premises
(in terms of cost-benefit ratio) as for the not-electrified households described in Section 5.3.1.
However, a main difference is the potential for additional commercial activities within the
same areas. If focus is simply to provide electricity access for reading, watching TV,
refrigerators, etc., then simple off-grid solutions with a size of c. 250 – 500 W is sufficient. If a
somewhat broader socioeconomic perspective is taken, a network connection could perhaps
be considered. The up-front investment cost will however be quite significant and for most
municipalities not possible to undertake.
5.3.2

Design and construction methods of the DSOs

Both the initial findings based on the desk-review and the site visits has confirmed that for the
very clear majority of households currently not – at least officially – electrified, a grid
connection would be the most natural option taking future flexibility, sustainability, reliability,
and safety into account. The main draw-back with the grid connection is the high initial
investment cost. Experiences from other countries that are subject to electrification projects
has proven that sometimes one must settle with a network design and construction policy that
is “good enough”. The design criteria at the DSO must be target oriented rather than policyoriented. Utilizing today’s business practices and operational principles, Sweco and Ruxpro
fully understand the passive approach taken by the DSO when it comes to pro-actively
increasing their customer base.
A few rather interesting observations were done during the site visits in regards to planning,
network design, and construction methods for the eight large DSOs operating in Romania. The
cost of building and maintaining distribution networks varies somewhat from country to
country. However, variations are often smaller than one first would assume since the large
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material portion of the investments (cables, transformers, breakers, etc.) are delivered from
global companies operating internationally (ABB, Siemens, etc.). The actual labour-portion of
the network installations is of course subject to local conditions and here the cost level in
Romania is favourable in a European perspective. This means that the actual construction cost
for distribution network in Romania is in the range 50-75 % of that in western Europe.
However, the difference in revenues are much higher; a monthly invoice may in Romania be
in the range RON 15-60 per month (EUR 4 – 13 per month) also including cost for the TSO and
energy portion of the service. Investing and reinvesting in the networks in rural Romania is
thus challenging.
Many parts of the distribution networks in Romania is about to reach its technical life-time.
The DSOs needs eventually to begin modernization of their network before reliability of supply
and operation (and third-party) safety is affected negatively. Before this modernization begin,
Sweco and Ruxpro would recommend that the DSOs initiate a strategic development program
targeting less expensive design standards. In Figure 21, a newly installed pole-mounted
secondary substation is shown. It can be noted that the mechanical dimensioning for this type
of installation is very robust; furthermore, rather expensive materials are used (e.g., galvanized
steel) for pole and cross arms. Also, the base slab is expensive in can in many cases be
simplified and/or omitted to save money during the construction phase.
Figure 21 Recently installed secondary substation in south east Romania.

Source: Sweco and Ruxpro

In Figure 22, another example of a recently installed LV network is shown. Again, both the
overall robustness and the choice of material will result in more expensive constructions.
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Figure 22 Recently installed Low Voltage networks in south-east Romania.

Source: Sweco and Ruxpro

The design and construction methods has a significant impact both when it comes to
connecting new customers by building completely new networks and – perhaps most
importantly – when the gradual renewal of the existing power delivery infrastructure is
initiated. For the DSOs, the development towards low cost alternative may not be of highest
priority (although it should be); but for the municipalities and the end customers who need to
finance the network expansion it is of course most critical.
In many respects, the Nordic countries has with their low overall populations density been
forced to develop cost-efficient design and construction methods. The city planning and village
planning in the Nordics is also relatively “liberal” in the sense that people can choose to live in
remote locations outside the city and/or village border. Consequently, the average length of
the distribution network per customer become large thus putting pressure on the DSO to keep
cost down. In many respects, wood poles and cross-arms are more cost efficient than concrete
and steel. Impregnation through creosote oil enables these poles to be often be directly buried,
thus eliminating the use of a base slab. There is a debate on-going about the future use of
creosote oil but other techniques for impregnation are available too. Also, composite poles
may serve as a cost-efficient alternative to steel and concrete designs.
5.4

Conclusions

In conclusion, Sweco and Ruxpro conducted site visits in Romania in the period March 7 to
March 15, 2017 utilizing two separate teams each consisting of two Sweco representatives and
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two Ruxpro representatives. During the site visits it became clear that the actual numbers of
not-electrified households, as provided by the Ministry of Energy and through the 2011
Population and Housing Census, for most areas reported quite often also included:
•
•

•

Houses/households under construction
Potential houses/households where land (maximum 500 m2) has been awarded to
young people based on Law no. 15 / 2003. In some cases, land has also been sold
directly to inhabitants for exploitation.
Houses/households built and where there is no “official” electricity connection but
where access to electricity is secured through re-wiring from, e.g., an adjacent house
that has an official agreement with the DSO.

Excluding the above-mentioned categories of households, and the not yet finalized houses,
leads to a conclusion that there are in fact considerably fewer households that in practice is
living without any access to electricity than the statistics imply.
A very significant share of the not-electrified households lives in direct proximity (< 1000 m) to
existing power delivery infrastructure. The main cause for not obtaining a legal contract with
the DSO for electricity delivery can be assigned to financial threshold effects; the new
residential areas are most often planned in direct connection to the outer borders of the
town/village. This means that the households located close to the existing primary road can be
connected relatively easy whereas the households located further in, on secondary roads, run
into problems. The primary reason for this situation is that the DSOs - due to business reasons
- in general show no interest to build the infrastructure before the exploitation of the area is
started. Even for a fully developed area the business case for the DSO is weak since average
consumption is low. For this matter the DSOs usually requires a relative large share of the
households to be contracted (i.e., > 70 %). Due to lack of money, the option for the households
and/or municipalities to finance the network reinforcements themselves is seldom a realistic
alternative.
Moreover, some households and small business are in very remote and rural parts of Romania
and for these households a conventional electricity grid connection become expensive and not
very cost-efficient. The distance to the grid is more than 5 km and the potential electrical load
is low. Also, there is quite some distance between the individual households. In regards to
general development and economic growth in these areas (some areas are very suitable for
recreational activities) a network connection would be a necessary trigger. For individual
household use of electricity, portable PV panel and battery system ranging between 250 W
and 500 W would be sufficient.
In Table 6, Sweco and Ruxpro summarizes - on a relatively high level – the main observations
from the site visits in regards to main reasons for not having access to electricity. It should be
noted that this table is thus representative to the areas were the site visits was conducted and
thus not necessarily representative of the situation in other areas of Romania. More detailed
information about the site visit observations is provided in the Appendix to this report.
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Table 6 Site visits observation, reasons for not having access to electricity.

Reason for not having access to electricity
Existing back-bone network and can pay individual LV connection
Existing back-bone network but can not pay individual LV connection

Share of households
10 %
10 %

No back-bone network but can pay own individual LV connection
No back-bone network and can not pay own individual LV connection

60 %
10 %

Back-bone reinforcement not feasible; household can pay for off-grid solution
Back-bone reinforcement not feasible; household can not pay for off-grid
Back-bone reinforcement not feasible; small industrial application and/or
commercial potential
Sum:

2%
5%
3%
100 %

Source: Sweco and Ruxpro

In Table 7, the preferred technical solutions is provided for the households not currently having
access to electricity. Again, the solutions are based on the observations from the conducted
site visits.
Table 7 Site visits observation, preferred technical solutions to get access to electricity.

Technical Solution:
LV connection
LV connection with backbone reinforcement
Off-grid solutions
Sum:

Share of households
20 %
70 %
10 %
100 %

Source: Sweco and Ruxpro

Earlier in the report (Section 4.4), several technical solutions were described for off-grid
installations. It is anticipated that for the group of households that cannot, in a cost-efficient
manner, be connected to the distribution grid, photovoltaic panels will be the most common
applications. Based on site visit observation, the technical solutions for the off-grid
applications is – on a very high level – presented in Table 8.
Table 8 Site visits observation, preferred technical solutions for off-grid applications.

Technical Solution:
LV connection
LV connection with backbone reinforcement
Off-grid solutions
Sum:

Share of households
20 %
70 %
10 %
100 %

Source: Sweco and Ruxpro

The socio-economic situation for households without an official electricity connection in
Romania is varies from the very poorest to medium income takers. Often these groups live side
by side in the same areas. Occupation mainly depends on which of the categories we are
addressing where the largest part of unemployment is to be found in the residential areas at
the outer edge of an existing town or village. When a young family is given land by the
municipality under Law 15/2003, they must demonstrate that they have employment. This
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salary may however be as low as EUR 2-300 per month. But there are also people with no
employments that live in several houses that are grouped together on a relatively small area.
Many lack proper legal papers for the land and house. A larger part of vulnerable groups can
also be found in remote and rural villages; often older/retired households where adult children
visit for weekends and during harvest time. The young families with children often must find
alternative housing arrangements for the child to be able to attend school.
For poor and low-income families, the network connection fee of c. EUR 300 to EUR 600 is very
challenging; it may range from a monthly salary up to almost the yearly income. Even so, it is
Sweco and Ruxpro’s opinion that most households in the new rural residential areas would be
able to connect to the grid if the option was given to them. The main problem is the network
reinforcements and expansions needed to support the new electronic load. Here, neither the
households nor the municipality can typically afford any larger investments contribution to the
local DSO. a monthly invoice may in Romania be in the range RON 15-60 per month (EUR 4 –
13 per month).
Like in most other European countries, the electrical infrastructure in Romania is approaching
is technical lifetime and renewal investments will become necessary. The DSOs needs
eventually to begin modernization of their network before reliability of supply and operation
(and third-party) safety is affected negatively. Before this modernization begin it is important
that the current DSOs network planning and construction methods are updated to increase
cost-efficiency and to balance initial up-front investment demand to future cost of operation
and maintenance. This also will have an impact on the cost of connecting not-electrified
households; this development program should be concluded prior to assigning funds for
network expansion in Romania through the the Norwegian Financial Mechanism and the EEA
(European Economic Area) Financial Mechanism, 2014-2021 in order to maximize the benefit
of the allocated money.
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ANALYSIS AND RECOMMENDATIONS
There is a clear link between poverty and low electricity access and it is generally agreed upon
that raising electrification rates would benefit poor people in developing countries by
improving their access to lighting, education, health and telecommunications. Romania is one
of relatively few European countries where a share – albeit small – of the population has no
permanent and legally valid distribution network connection.
6.1

Actual Number of Households without Electricity Access

Today there is quite some insecurity in the total number of households not connected to the
electrical grid. The Ministry of Energy in Romania estimates (through the 2011 Population and
Housing Census), that there today is approximately 100,000 households in Romania without
official access to electricity. A very recent survey conducted in 2016 and 2017 by the Romanian
Ministry of Energy came to the number 21,403 households. However, this latest survey does
not include all counties and municipalities.
More importantly, the current background material does not include the root cause for not
having access to electricity, i.e., if it is technical, legal, or financial reasons. The statistics also
seem to include houses under construction, and houses that are yet to be built in an area
where the General Urban Plan (PUG) and the Urban Plan (PUZ) has been developed by the
local authorities. Finally, the statistics also include households that has access to electricity via
a secondary distribution from a near lying household (or small business) that has an official
connection with the local DSO. This is in most cases done as a gesture of “goodwill” and the
cost for electricity is charged to the secondary electrified households at actual cost.
Prior to assigning funds for network expansion and household electrification in Romania
through the the Norwegian Financial Mechanism and the EEA (European Economic Area)
Financial Mechanism, 2014-2021 it is therefore recommended that a more reliable background
material is developed to be able to assign the funds to the areas where it will be most useful
from a technical and socio-economic standpoint. This must be done - more or less - on a
household level since large variations of socio-economic status is found between households
in the same area. It is the opinion of Sweco and Ruxpro that the actual households not having
access to electricity in any form is significantly lower than what is indicated from the Ministry
of Energy.
6.2

Root Causes for Not Having Access to Electricity

There are three main root causes that prevents many of the today not-electrified households
in Romania to get access to electricity; financial, technical and legal reasons. The most
important root cause can be assigned to financial issues, both in regards to the actual
households, the municipalities and the DSOs. A very significant share of the not-electrified
households lives in direct proximity (< 500 m) to existing power delivery infrastructure.
It is recommended that a more reliable background material is developed in regards to the
main root causes for that prevents the households from getting access to electricity prior to
assigning funds for network expansion and household electrification.

PRE- FEASIBIL ITY,

EL ECTRI FICATI O N

R O MANIA

PAG E

5 8

O F

73

Financial reasons
There are several different reasons for households not connecting to the network. If there is
an existing network at a close distance of the household to be connected (that has sufficient
capacity), then only a connection fee must be paid to the DSO for the individual householdspecific infrastructure needed to get access to electricity, i.e., in general a short LV line and an
electricity meter. The cost for this is in the range of EUR 300 to EUR 800 and it is Sweco and
Ruxpro’s opinion that most household can afford to pay this fee. The exception is the poor,
and very poor, households that generally live on social welfare.
If the capacity cannot be supported for the new households, or if the back-bone network needs
to be expanded to meet future demand, then the responsibility to prepare and develop the
back-bone distribution network lies with the DSO for their respective service areas. In the case
when investments realization cannot be justified economically (based on target and set
methodology in ANRE Order 75/2013), the extensions can be financed by co-participation of
public authorities, after informing ANRE. In general, the business case become very weak for
the DSO when it comes to connecting new households. The average expected revenues from
the service cannot motivate the up-front investment. A very large burden then fall on the
municipality to – essentially – on its own finance the network extensions. This is most often
not possible for the municipalities, leading to a situation in which the network is not expanded.
It is Sweco and Ruxpro’s opinion that the main reason for households not being connected to
the electricity grid in Romania can be assigned to financial difficulties in getting the back-bone
infrastructure built. The final individual household-specific infrastructure needed to get access
to electricity that is paid for by the household is generally not as big of a challenge. To promote
the back-bone infrastructure to be built one can either modify the regulatory system that
governs the responsibility of the DSO or provide funding to the municipality to get the
investments done within the existing regulatory framework.
Legal reasons
Among the poorest people in Romania there is a group of households where often legal
documentation prevents them to obtain a network connection. Often the families live in
several houses that are grouped together on a relatively small area. Potential income for these
families who often live on social welfare is very low, often below EUR 150 per month.
Consequently, these households also will face financial difficulties in obtaining a network
connection even if the legal documents were in order.
Technical reasons
From a safety, reliability and sustainability point of view, a conventional grid connection will
for the clear majority of the currently not-electrified customers be the most cost-effective
alternative. For some case, when the existing distance to the network is very long, say above
5 km, and the average electrical consumption of the households is low, a network connection
cannot simply be motivated. These areas are typically found in recreational areas and/or small
traditional farm villages located in the mountain areas. Here off-grid solutions will become
necessary. The cost for a household off-grid generator system is in similar range as the
individual connection fee for obtaining a network connection, i.e., in the range of EUR 500.
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6.3

Cost Efficient Solutions upon Electrification

The cost of design and construction of power delivery infrastructure is rather expensive and
relatively independent on the future utilization of the assets. Simply put, the up-front cost per
connected household customer for a Romanian DSO will not be significantly different from
connection of household customers in western Europe. However, the average consumption –
and thus DSO revenues - may (all things equal) be a factor if 5-10 lower in Romania. This means
that the networks in Romania cannot be built to the exact same standards, and by utilizing the
exact same planning guidelines, as the western Europe DSOs. The DSOs in Romania stand
before a significant modernization - large portions of the network is close to its technical
lifetime. Before this modernization begin it is important that the current DSOs network
planning and construction methods are updated to increase cost-efficiency and to balance
initial up-front investment demand to future cost of operation and maintenance. This also will
have an impact on the cost of connecting not-electrified households; this development
program should be concluded prior to assigning funds for network expansion in Romania
through the the Norwegian Financial Mechanism and the EEA (European Economic Area)
Financial Mechanism, 2014-2021 to maximize the benefit of the allocated money.
When it comes to off-grid solutions, the technology for these solutions is developing rapidly.
Today it is possible to install solar panels, micro-hydro generators or wind power with a rated
capacity of c. 300 W at a cost below EUR 1,000. In the future, this cost will be even lower. All
these alternatives are possible to utilize in remote and rural areas of Romania. This should
likely be done on a household level; Sweco and Ruxpro see no major benefits for a group of
households to come together co-own a larger sized system. The main disadvantage of the offgrid solutions is its limitation in flexibility. It is not possible to increase capacity over time.
Likely, these systems will not be sufficient to enable a step-change that would allow these area
to develop economically.
6.4

Socio-Economic Aspects in Remote Areas

Sweco and Ruxpro also has made a few other interesting observations - that is somewhat
outside the main scope of the assignment – but that potentially could have an impact on the
overall socio-economic situation in rural Romania. Obtaining a stable reliable grid connection
to some specific remote areas in Romania would not only benefit the households that today
would have to rely on off-grid solutions but would also form the basis for a potential build-out
of commercial business that take advantage of the strategic location when it comes to tourism
and recreational activities. This in turn could potentially generate new jobs and strengthen the
economy of the municipality. However, due to lack of financial strength, the local authorities
are in no position to finance an extension of the MV-grid for attracting new businesses. The
DSOs will for obvious reasons not do such investments beforehand.
Also in the remote villages that today primarily live on meat production and agriculture, access
to reliable and stable electricity could trigger economic growth. An association of several
families could for example establish a small factory to process high-quality milk products.
There is furthermore potential for expanded agriculture and meat production, although
somewhat dependent on the possibility to produce refined products and have cold storage for
products to be sold on the market.
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It cannot for obvious reasons be motivated that all remote and rural areas are electrified
through a grid connection. What could be further investigated is to Identify one or two remote
areas suitable for economic growth and develop a business case that possibly could motivate
a rather significant extension of the network to support future commercial activities. For some
of the areas, a larger off-grid solution that not only will cover the most basic needs but also
will allow for use of larger appliances, e.g., fridges, and various power tools such as electrical
saws, could be an option. There are today on the market commercial solar panels with capacity
of over 5 kW. The main drawback is that the cost of these units often is in the range of EUR
10,000. Still, as compared to a network extension this cost may in most cases be lower.
6.5

Responsibilities for the Different Stakeholders

In order to enable a fast, sustainable and efficient implementation of the support-mechanism
for electrification certain responsibilities will fall on each stake holder. These main
responsibilities are summarized below:
• Household responsibilities:
o If back-bone electric infrastructure exists, the households must pay their
connection fee and obtain a legally binding agreement for their power delivery
services. If the connection fee cannot be paid for financial reasons, the
household must inform the local authorities so that further options for
connection can be elaborated.
o If legal document is preventing connection, the households must inform the
local authorities and work pro-actively with them to obtain proper paperwork.
• Local authorities’ responsibilities:
o Assess on household level root causes for not having access to electricity
including social status and possibility to pay individual connection fee. For
example, if assuming an average connection fee of, say, EUR 500, what is the
total sum needed to cover for connections for individual connections to the
very poorest households?
o Work pro-actively with the local DSO to make sure that the number of
secondary connections of electricity for households who can afford a
connection fee is reduced.
o Prepare and prioritize applications to DSO for back-bone reinforcement to
obtain cost estimates for grid extensions for the unelectrified areas.
o Based on the above, assess the total cost to be paid to the DSO for network
reinforcements. Also, assess what share of the cost that realistically can be
taken by the municipality and develop metrics for the individual projects such
as cost per household, etc.
o If legal documentation of household is preventing connection; work proactively to obtain proper paperwork.
o For areas not suitable for electrification; assess on household levels the power
requirements for each households, i.e., AC vs. DC, power output, etc.
o Assess need for an operation and maintenance organization for off-grid
application to ensure a future sustainable operation the assets.
• DSO responsibilities:
o Develop cost efficient design and construction methods that lowers the initial
investment threshold for network extensions and reinforcements.
PRE- FEASIBIL ITY,

EL ECTRI FICATI O N

R O MANIA

PAG E

6 1

O F

73

Develop uniform operation principles for managing applications for network
reinforcements and make sure that the response times is kept to within a
realistic time frame.
• ANRE, Ministry of Energy responsibilities:
o Develop requirements for level of documentation of unelectrified households
to make sure that each local authority is assessing the situation in the same
way.
o Work closely with the fund operator, Innovation Norway, to enable the fund
to operate in an efficient and fair way.
o Consider putting requirements on DSO for cost-efficient construction
methods.
o Consider changes in regulation to reduce threshold effects by redistribution of
revenues to the DSO (the sum of revenues remain intact).
o

To summarize, the individual household connection fee should in general be paid by the house
owners and the network reinforcements by the DSOs. If the financial criteria cannot be met,
the local authorities will support the connections and reinforcements with the possibility to
obtain cost recovery by the financing mechanism, either through a grant or via a favourable
loan.
6.6

Recommendations

Below the main recommendations from Sweco and Ruxpro are given to Innovation Norway.
The recommendations are based on the desk review and observations from the site visits in
addition to Sweco and Ruxpro’s experiences from working on similar projects in different parts
of the world. The recommendations below are not presented in any order of prioritization.
• Ask Romanian Ministry of Energy to refine the background data in regards to not
electrified households. This should be done to better understand the baseline situation
in regards to actual households without electricity access. Also, the main root causes
that can be assigned for lacking electricity must be better identified. This means that a
breakdown of the households that has no access to electricity must be done into the
following categories:
o Households located in areas where there is an existing back-bone network and
where the households can pay the individual LV connection.
o Households located in areas where there is an existing back-bone network and
where the households cannot pay the individual LV connection.
o Households located in areas where there is no existing back-bone network and
where the households can pay the individual LV connection.
o Households located in areas where there is no existing back-bone network and
where the households cannot pay the individual LV connection.
o Where back-bone reinforcement is not feasible from a technical point of view
and where the household can pay for a simple off-grid solution.
o Where back-bone reinforcement is not feasible from a technical point of view
and where the household cannot pay for a simple off-grid solution.
o And in addition, identify situations where back-bone reinforcement is not
feasible and where there is small industrial application and/or commercial
potential.
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•

•

•
•

•

•

Note that some guidelines when it comes to treating currently vacant land is necessary;
Sweco and Ruxpro has come across many areas where the total unelectrified households
is based on a fully developed area. In reality, often houses are currently constructed only
on a small share of the total area.
It is Sweco and Ruxpro’s opinion that the development and extension of the existing
distribution grid to allow for new customers to be connected in newly developed areas
is the main reasons households in Romania being without power. In most cases, the
households will be able to pay for the household specific connection fee but the backbone infrastructure is not developed. The responsibility of developing the back-bone
infrastructure lie with the DSOs and the municipalities but – in practice – the largest
burden is with the municipality. To facilitate network expansion and allow for more
households to establish a valid contract for delivery of electricity, Sweco and Ruxpro is
suggesting Innovation Norway as fund operator for the Renewable Energy, Energy
Efficiency, Energy Security programme within the EEA and the Norwegian Financial
Mechanisms 2014-2021, to set up an infrastructure investment fund. The fund can be
used for the municipalities to co-finance the distribution network expansion.
Sweco and Ruxpro recommends that an upper limit of potential financing of c. 70 % is
set for the investment fund, implying that the DSOs and/or municipalities must take a
portion of the required investments themselves.
A pre-request for the fund to be initiated is a mandatory requirement to the DSOs to
develop simpler, more cost-efficient design and construction principles.
The investment fund allocation should preferably be administered by the Ministry of
Energy in close cooperation with the fund operator, Innovation Norway. The local
authorities are responsible for submitting applications on behalf of themselves and the
not-electrified households for financial support for the network expansion.
Allocation of money from the fund is done based on a cost-benefit ratio where the
primary metric is average cost per potentially electrified household. If manageable,
priority should in addition be given to areas predominantly occupied by young families
with children and households with elderly and/or disabled residents. For specific cases
(very poor households), also the individual last household connection can be covered by
the fund but this is in general not the intention.
A portion of the fund is allocated to households located in remote and rural areas where
network solution cannot be justified from a cost-benefit perspective. In absolute
numbers, these households may represent c. 5 – 10 % of all not-electrified households.
In general, the socio-economic impact of electrification in this type of area is rather high
which means that a relative larger share of the investments fund (i.e., in the range 10 –
20 %) should be assigned to this type of applications. Likely, the most common solution
will be Photovoltaic system but in some case wind and/or micro-hydro can be
considered. The installation cost for a 250 W system is similar for all these three system
and in general below EUR 1,000. From a sustainability point of view it could be better if
a small enterprise could own several off-grid systems and be responsible for the
installation, operation and maintenance. The enterprise could then, during a monthly or
bi-monthly maintenance check also collect a small usage-fee from the user. This usage
fee should cover part-salary for the technician, maintenance material and a replacement
fund for batteries. It is Sweco and Ruxpro’s opinion that such an enterprise would be
well governed by the municipalities.
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As a second group of recommendations has been developed with the target to further reducing
the threshold effect of network connections.
• Ministry of Energy, or alternatively ANRE (Romanian Energy Regulatory Authority), could
put requirements on the DSOs to allow for periodization of the household connection
fee over a longer period, say 10 years. The annual periodization cost should be
calculated based on the overall target of a neutral NPV as compared to up-front
payments utilizing a Weighted Average Cost of Capital (WACC) in line with DSO industry
standards in Romania. This means that the monthly electricity bill will be on average
EUR 5 to EUR 10 higher per months for the household for the first 10 years. If the
property is sold the responsibility of the periodization is transferred to the new owner.
This is a system that is commonly used for opto-fibre installations in the Scandinavian
countries.
• The periodization of the connection fee could possibly also be managed by a third party
financial institution. This would enable the DSOs in Romania to conduct business as
usual also in the future.
• On a larger scale, the DSOs and/or a financial institute may allow the same financing and
periodization principle as described above to the municipalities. This should be used for
the network extensions and to the establishment of back-bone network in newly
developed areas.
• As an alternative solution, Ministry of Energy, or alternatively ANRE, could also overlook
the rules and regulations/legislation that governs the financial criteria for network
extensions that today are on the methodology in ANRE Order 75/2013. For instance, the
DSOs can be asked to take an increased responsibility in providing the network
extensions. This will have a negative financial impact on the DSOs. However, a system
may be set up to be “revenue-neutral” for the DSOs. They would be allowed to increase
their revenues through a somewhat higher network tariff that would be applicable to
the entire customer base. While from a theoretical perspective this system may not be
entirely fair and balanced, similar systems have been used in for example Germany to
reduce threshold effects for network connections of large wind farms.
As a third group of recommendations has been developed with the target to further improving
the socio-economic conditions in remote and rural Romania.
• Use a small share of the investment fund to finance a network connection to a few areas
that show significant commercial potential but today are located rather far away from
the closest distribution grid. Examples could be an area with potential for recreational
activities such as a ski resort, a health and spa centre, or could generate commercial
business due to beautiful nature and close access to wine yards, etc.
• Use a small share of the investment fund to finance large-scale off-grid solutions
primarily intended for small scale remote and rural agricultural villages. This would
enable the local farms to develop their current business and in turn generate economic
growth.
6.7

Criteria Lists

Due to limitations in contents of the background material and due to the fact that the site visits
– although covering over 40 municipalities in 20 different counties – did only cover a small part
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of Romania it is not possible in the pre-feasibility stage of this project to identify individual
households and/or areas in specific municipalities suitable for electrification by the Energy
Security programme within the EEA and the Norwegian Financial Mechanisms. However, some
general conclusions can be drawn and some rather simple criteria list may be developed based
on the observations and recommendations in this report. In Table 9, the financing of the
network connection fee for the last portion that is household specific is provided separated in
social status of the households. Also, small scale off-grid solutions are included, i.e., a 250 W
PV panel system. The cost for both that off-grid system and the grid connection is in the range
of EUR 500. Only for the poorest households it is thus anticipated that the investment fund
would be used for financial support.
Table 9 Financing of network connection fee and off-grid solution.
Socio-Economic Monthly income
Status
of households
Network Connection Fee

Off-grid solutions

Administrator

Very Poor

< 200 EUR

Supported by investment fund Supported by investment fund Municipality

Poor

< 400 EUR

Partly paid by households

Partly paid by households

Municipality

Medium

< 700 EUR

Paid by households

Paid by households

N/A

Above medium > 700 EUR

Paid by households

Paid by households

N/A

Source: Sweco and Ruxpro

Next, when it comes to financing of network extensions and the back-bone network a
separation is done into the overall socio-economic status of the area to be developed. Most
often there will be a mixture of socio-economic classes in the same area but then the average
monthly income can serve as a good parameter for prioritization, see Table 10.
Table 10 Financing of network extensions and back-bone electric infrastructure.

Socio-Economic Average income
Status of area
of household
Investment financed by:

Priority of
financing

Administrator

Very Poor

< 200 EUR

Investment fund

High

Municipality

Poor

< 400 EUR

Partly by investment fund

Medium

Municipality

Medium

< 700 EUR

Partly by investment fund

Low

Municipality

Above medium > 700 EUR

Partly by investment fund

Low

Municipality

Source: Sweco and Ruxpro

For the absolute poorest area, full financing of the network extensions is provided by the
investment fund. As the socio-economic status increases, only a share of the investments will
be covered by the fund.
The recommended technical solutions for electrification are given in Table 11. For high
population densities, a network solution is recommended with special emphasis of reducing
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the initial investment cost, i.e., utilizing a least cost approach. For lower population densities,
off-grid solutions are favoured if the distance to the grid is longer than 3 km.
Table 11 Recommended technical solution in relation to population density and distance to grid.

Distance to grid Solution

Population
density

Notes

< 1000 m

Network Extension High/Low

Least cost design principles applied*

< 3000 m

Network Extension High/Low

Least cost design principles applied*

< 5000 m

Network Extension High

Least cost design principles applied*

< 5000 m

Off-grid

Low

Solar panels (if applicable wind or hydro)**

> 5000 m
Off-grid
High/Low
Solar panels (if applicable wind or hydro)**
* Two phase distribution, wood poles, 1 kV LV system, etc.
** Single Household application
Source: Sweco and Ruxpro

Finally, there are some special consideration that may serve as exceptions to the general
guidelines provided in Table 11. This refers to areas where the distance to the distribution grid
is rather long but where there is a significant potential for commercial business, see Table 12.
Table 12 Special consideration for technical solutions in remote and rural areas.

Distance to grid Solution
> 5000 m

Commercial
Potential

Notes

Network Extension Very high

Least cost design principles applied*

> 5000 m
Large scale, off-grid High
Solar panels (if applicable wind or hydro)**
* Two phase distribution, wood poles, 1 kV LV system, etc.
** 3 to 6 kW capacity, three-phase application
Source: Sweco and Ruxpro

With a very high commercial potential, a network connection may thus be favoured even
though the initial up-front investment is high. If the commercial potential is slightly lower, large
scale off-grid system may instead be utilized. The latter solution may for instance prove useful
to develop an agricultural business in a remote area whereas the former solution could be
applicable for a potential ski resort. As mentioned above, it could be interesting to allocate a
very small share of the total investment fund within the EEA and the Norwegian Financial
Mechanisms to a few of this type of projects.
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IMPLEMENTATION PLAN AND BUDGET
7.1

Implementation Plan

A number of preparational activities are recommended to be immediately initiated in order to
facilitate a fast implementation of the investment programme. Such activities are:
•
•
•

•

A detailed study in regards to households without electricity including social status and
root causes for not having access to electricity.
A development program targeting alternative design and construction principles for
the Romanian DSOs.
Initial contacts with ANRE and/or Ministry of Energy targeting an overlook of the rules
and regulations/legislation that governs the financial criteria for network extensions
(ANRE Order 75/2013). Investigate if periodization of connection fee is a viable option
to reduce threshold effects for household customers.
Identification and verification of technical performance of several off-grid electrical
solutions. The technology development is rapid and likely the cost-efficiency will be
much higher if a similar system is used for all household applications. For example a
photovoltaic system rated 300 W with an AC/DC inverter enabling also appliances at
220 V to be operated.

The investment fund, anticipated to be in the range of EUR 10 million should be governed and
administrated by Innovation Norway with close cooperation with a suitable governmental
entity, possibly the MoE. While the preparational activities listed above the allocated EUR 10
million should be separated into a number of sub-categories, for example:
•
•

•

•

A 20 % share of the investment fund is allocated to off-grid household electrification.
A 10 % share of the investment fund is allocated to commercial development projects
in remote and rural areas improving general socio-economic conditions, i.e., where
there is a high potential for commercial development a grid solution is favored before
an off-grid solution even though the initial investment is significant.
A 60 % share of the fund is allocated to areas that today are partly electrified but where
there the DSO and municipality cannot finance the network extension and
establishment of a back-bode system.
A 10 % share to assist in electrification access to the absolute poorest households in
Romania. This means the investment fund is taking full financial responsibility for the
off-grid system or the network connection fee.

A framework contract may initially be signed by Innovation Norway and the MoE that
underlines the basic criteria to be used in selecting the project. The municipalities will prepare
applications for financial support for electrification and the allocation of funds should be based
on a relative simple cost-benefit analysis where the primary metric is average cost per
potentially electrified household within each respective sub-category listed above. If possible,
care should also be taken to the socio-economic status of the households although this will
likely be a somewhat manual process since - to a very large extend - all the not-electrified
households can be classified as relatively poor. Most likely, it will take the remainder of the
2017 to set up all preparational work and perform the necessary development activities (i.e.,
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targeting technical solution of off-grid alternatives and improving design and construction
methods at the DSOs).
7.2

Budget and Project Targets

If an allocation of the investment fund is done in line with the example provided above it is
possible to make a rough estimates in regards to actual number household that can realistically
be connected within the EEA and the Norwegian Financial Mechanisms.
Off-grid household electrification
Sweco and Ruxpro is for planning purposes assuming EUR 700 per household for a microgeneration facility, somewhat irrespectively whether it is based on a solar panels, wind, or
pico-hydro generation. This number is relative high but is based on the fact that the capacity
is c. 300 W and that it is equipped also with an inverter that allow for use of 220 V appliance.
Assuming 20 % of the budget (EUR 2 million) leads to approximately potential 2,800 units. This
essentially covers for all households located in remote and rural areas in Romania today that
is lacking electricity. Although, the exact number of households should be derived more
carefully in the preparational phases of the project.
Off-grid commercial electrification
EUR 1 million is assigned to support the commercial development in remote areas of Romania.
This money will only have a minor impact on electrification of households and can be neglected
in this analysis. As a unit cost for a MV distribution line, EUR 20 thousand per km can be used,
for a LV line, the cost is EUR 15 thousand and for a secondary substation EUR 10 thousand. If
the MV and LV lengths become rather similar after installation and if there is one secondary
substation every 5 km it would make it possible to build 28 km of MV lines, 28 km of LV lines
and 5 secondary substations. This sum is likely sufficient to support 3-4 different development
projects depending on the distance from the existing grid today.
Network extension and back-bone grid
To estimate the cost for network extension and back-bone networks for a new residential area
a simple example is used. If we assume an area with 100 households located at the edge of
town or village where there is access to the distribution grid the following cost is obtained:
•
•
•

It can be assumed that c. 300 m of new MV lines is needed.
A new secondary substation is needed.
In total 1 km of LV lines.

Using the same average cost for network as indicated above, we obtain a cost of EUR 31
thousand or EUR 310 per household. For a more remotely located area we can assume 3 km
of MV line, 1 km of LV line and one secondary substation. Then the cost become EUR 85
thousand or 850 EUR per customer.
In we assume EUR 600 per household and a 60 % share of the investment fund (EUR 6 million)
it would be possible to prepare back-bone infrastructure for 10,000 households. In order for
these customers to connect to the network they must however pay the connection fee that
for most case will range from EUR 300 to EUR 600. It is Sweco and Ruxpro’s general opinion
that the majority of household would be able to pay this connection fee.
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Network connection to socio-economically weak groups
As mentioned above, most households will be able to connect to the network if the back-bone
infrastructure is prepared so there is easy access to the network. However, this is not the case
for all households. A share of the investment fund could therefore be assigned to assist in
paying the electrical connection fee. Preferable to families on social welfare, or to people that
are disabled or elderly. Assuming on average EUR 500 per connection would allow 2,000
households (out of the 10,000 for which the network is expanded – see above) to be connected
to the network.
In summary, with the allocation of funds used as example in the section it is possible to provide
electricity to 10,000 households, if 80 % of the households to be connected to the grid can pay
their own connection fee. The estimated results then become:
•
•
•

Approximately 2,800 off-grid units of 300 W prepared for AC 220 V.
Preparation of extension and back-bode network for 10,000 households located in
newly planned residential area that currently has no official access to electricity.
Financial support to 2,000 vulnerable and poor households in paying the required
connection fee.

An even better result is obtained if the EEA and the Norwegian Financial Mechanisms would
require certain co-financing by the municipalities for the network extensions and/or
distribution of off-grid electrical systems. This is recommended by Sweco but has not been
included in the estimations provided above in regards to potential households that can be
electrified within the investment program.
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SUMMARY AND CONCLUSIONS
Romania is one of relatively few European countries where a share of the population has no
permanent and legally valid distribution network connection. There is however quite some
insecurity in the total number of households not connected to the electrical grid. The 2011
Population and Housing Census identified in total 98,871 households located in 2,237 locations
that are not-electrified. The type of households without power is classified as:
•
•
•

2,360 households located in 95 remote areas without any close access to the
distribution grid.
61,187 rural households located in 1,992 locations in areas categorized as partially
electrified.
35,324 households located in the 150 urban areas that for primarily financial reasons
has not yet been connected to the distribution grid. The households in the urban
category has not been considered in the pre-feasibility study.

Unlike most developing countries, the energy infrastructure is rather well developed in
Romania and there are generally power distribution lines adjacent to all primary roads in all
villages and towns. Consequently, for most of the 100,000 households identified as not
connected to the network there are other reasons than technical aspects that is the main root
cause. The most important root cause for not-electrified households can instead be assigned
to financial issues, both in regards to the actual households that has to pay for the household
specific portion of the network connection and the municipalities and the DSOs who has to pay
for the network extension and back-bone electrical infrastructure. A very significant share of
the not-electrified households lives in direct proximity (< 500 m) to existing power delivery
infrastructure. Moreover, many households classified as not-electrified has in fact an
electricity connection set up via re-distribution of power from adjacent household in the area.
This is in most cases done as a gesture of “goodwill” and the cost for electricity is charged to
the electrified households at actual cost. It is the opinion of Sweco and Ruxpro that the actual
households not having access to electricity in any form is significantly lower than what is
indicated from the Ministry of Energy.
From a safety, reliability and sustainability point of view, a conventional grid connection will
for the clear majority of the currently not-electrified customers be the most cost-effective
alternative. However, for the households located in the remote and very rural areas, off-grid
solutions must initially be prioritized. As an example, a typical 250 W installation cost c. EUR
500-1000 (independent on whether photovoltaic panels, wind, or micro-hydro is used to
charge the storage batteries). These solutions will enable certain appliances to be used – which
is positive - but it will likely not be sufficient to trigger any step-change in regards to economic
growth. These units will not change the trend seen in the past 20 years that widens the gap
between the rural and remote areas and the towns in Romania. Nevertheless, the introduction
of off-grid electric energy systems will be positive in supporting the current lifestyle in the so
called “Catuns” in the remote and rural areas. For certain households that today have a limited
commercial activity, such as dairy production or sheep farming, a larger off-grid system of 2 3 kW could possibly be an option. While not comparative to a grid connection, it may still
stimulate some increase in economic activities and make the traditional farming lifestyle a little
more attractive. The main drawback is that the installation cost for such large units quickly
become rather high.
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There are several different reasons for why households living in close proximity of distribution
lines are not connected to the network. If there is an existing network at a close distance of
the household to be connected (that has sufficient capacity), then only a connection fee must
be paid to the DSO for the individual household-specific infrastructure needed to get access to
electricity, i.e., in general a short LV line and a electricity meter. The cost for this is in the range
of EUR 300 to EUR 800 and it is Sweco and Ruxpro’s opinion that most household can afford
to pay this fee. The exception is the poor, and very poor, households that generally live on
social welfare.
If the capacity cannot be supported of the new households, or if the back-bone network needs
to be expanded to meet future demand, then the responsibility to prepare and develop the
back-bone distribution network lies with the DSO for their respective service areas. In the case
when investments realization cannot be justified economically (based on target and set
methodology in ANRE Order 75/2013), the extensions can be financed by co-participation of
public authorities, after informing ANRE. In general, the business case become very weak for
the DSO when it comes to connecting new households. The average expected revenues from
the service cannot motivate the up-front investment. A very large burden than fall on the
municipality to – essentially – on its own finance the network extensions. This is most often
not possible for the municipalities, leading to a situation in which the network is not expanded.
Thus, in order to facilitate network expansion and allow for more households to establish a
valid contract for delivery of electricity, Sweco and Ruxpro is suggesting Innovation Norway as
fund operator for the Renewable Energy, Energy Efficiency, Energy Security programme within
the EEA and the Norwegian Financial Mechanisms 2014-2021, to set up an infrastructure
investment fund. The fund can be used primarily local authorities to co-finance the distribution
network expansion. Portion of the fund should be assigned to manage off-grid electricity
installations, a service that possibly could include ownership, installation, maintenance,
battery replacement and fee collection.
The local authorities are responsible for submitting applications on behalf of themselves and
the not-electrified households for financial support for the network expansion. Sweco and
Ruxpro recommends that an upper limit of potential financing is set implying that the DSOs
and/or municipalities will take a portion of the required investments themselves. A prerequest for the fund to be initiated is a mandatory requirement to the DSOs to develop simpler,
more cost-efficient design and construction principles. The suggested actions require a rather
significant amount of new network to be built. It is critical that alternative design and
constructions methods are used to increase the efficiency and lower the up-front investment
requirements for the DSO. A least cost approach with a somewhat shorter life-cycle planning
horizon should be considered to get more infrastructure for the same investment. Thus, a
compromise between what would - in the 30-40 years long term planning horizon - be the
most cost-efficient solutions should be done to an alternative that limits the initial investment
and offers an “acceptable” cost-efficiency.
Allocation of money for the investment fund is done based on a cost-benefit ratio where the
primary metric is average cost per electrified household balanced against potential for
economic development. Priority should in addition be given to young families with children
and households with elderly and/or disabled residents.
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As a second recommendation, Ministry of Energy, or alternatively ANRE (Romanian Energy
Regulatory Authority), could put requirements on the DSOs to allow for periodization of the
connection fee over a longer period, say 10 years. The annual periodization cost should be
calculated based on the overall target of a neutral NPV as compared to up-front payments
utilizing a Weighted Average Cost of Capital (WACC) in line DSO industry standards in Romania.
The periodization of connection fee could possibly also be managed by a third party financial
institution or the municipalities. Alternatively, Ministry of Energy, or ANRE, could also overlook
the rules and regulations/legislation in regards to connection fee for the Romanian DSOs. A
standard connection fee that is subsidized by the DSO could be developed for households
located with a valid city plan area (towns, villages). The loss of revenue from the discounted
connection fee would then be allowed to be recovered through slightly higher network tariffs
applicable to the entire customer base of the DSO. The system should be set up to be
“revenue-neutral” for the DSO.
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APPENDIX, DETAILED SITE VISIT REPORTS
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