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ABSTRACT

The results of the theoretical studies and experiments performed by the author during
the last years, the testing of the technical solutions based on PV and wind turbines, are
the premises which allow the start of a new project regarding the electricity supply for
remote places in the Danube Delta using non-conventional sources of energy. The aim
of the project is to supply electricity to remote places such as: schools, medical centers,
telecommunications, data logging equipment for floods preventing. The technical solutions
envisage the design of a hybrid system based on PVs and WTs. The paper emphasizes
the elements of progress, the general concept of the design and is looking forward to raise
the- interest of otner rcseaixu KSIIU which might take part into such project.
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CHAPTER 1. THE PREMISES OF SUCH A PROJECT

The starting point of that project is the necessity to find a solution to supply electricity
for hundreds of Romanian villages which are not connected to the National Electricity Grid
System.

The reasons why these villages have remained until now without a central electricity
supply is their geographical isolation and therefore high costs to link them with the NEGS.

Some of them benefited of diesel generating sets until around 1980 when, because of
the energy crisis in Romania, theii number decreased.

Most of these villages are only small settlements with no more than 50 to 100 families;
the lack of state owned enterprises made any attempt to link these villages with the NEGS
useless.

The social criteria of investing was very seldom took into consideration.
So the way of life in these settlements is patriarchal and the social assistance, education,

health care and information are often precarious.
If the problem to supply electricity to such remote places is taken into account, one can

meet two types of influential factors:
• economical: which will indicate without any doubt the inefficiency of such a decision;
• social: which will require immediate action.

Technically speaking, the optimal decision when the social factors dominate the
economical ones, is to minimize the costs in economical terms.

The technical solutions which can be taken into account are:
• electrical link with the NEGS, whatever the costs are;
• local, central electricity supply with:

- diesel generating set;
- diesel generating set + wind turbine + photovoltaic;
- wind turbine + photovoltaic.

• local electricity supply for only one consumer, with:
- diesel generating set;
- diesel generating set + wind turbine + photovoltaic;
- wind turbine + photovoltaic.

To be able to choose between the seven possibilities we must know what is the
magnitude of the user, its daily and annual energy demand.

For a small village of about 100 families, the daily electricity demand might be the
following:

- for one family/daily:
-for lighting: 4 x 20W x 6h/day = 480Wh/day
- miscellaneous ( radio, TV, telephone ) :150W x 4h/day = 600Wh/day
-total: 1080Wh/day= HOOWh/da
-for one family/year: 401.50kWh,



and for the whole community of 100 families: 40,150.00 kWh/year.
We will take into account the necessity of a school and a health center which might have

a daily need of 1.5kWh/day, each of them, making an annual need of 1095.00kWh/year.
So for the hole community:
- the daily demand is 1103.00kWh;
- the annual demand is 41,245.00kWh.
Now we can discuss briefly the possibilities to ensure such a demand.

1.1. Electrical link with the NEGS.
Such a solution is rejected from the beginning on economical grounds: the costs of lkm

of electrical supply line together with the costs of the electrical transformers (high/medium
and medium/low voltage ) is very high; we also have to take into account the aspect of the
terrain.

1.2. Local, central electricity supply.
Might be a convenient solution regarding the costs of the investment.

1.2.1. Diesel generating set.
It proved to be a feasible solution during the years when some of these villages were

electrically supplied in this way.
It is still to establish if for the regions of The Danube Delta the exploitation and

transport of the fuel are also feasible.
1.2.2. Diesel generating set + wind turbine + photovoltaic panel.

To cover the demand of the whole community the solution might be expensive taking
into account the costs of the PVs and that of the electrical storage.
1.2.3. Wind turbine 4- photovoltaic panel.

This could be a challenging solution for a researcher, but the wind and solar potential
of Romania ( which will be discussed later ) might not be enough for such a power source
.and the storage capacity would be too high.

13. Local electricity supply for only one consummer.
Now this appears to be the only realistic and feasible solution which might fit the budget

of the local administrations.
1.3.1, Diesel generating set.

It offers some advantages:
- easy to run; "• •
- it starts/stops according to the demand,
but also two disadvantages:
- it consumes fuel;
- it needs spares.

1.3.2. Wind turbine + photovoltaic panel + diesel generating set.
It might be the best solution for that kind of application; the experie nee that Rutherford

Appleton Laboratory - in England - and RISO - in Danmark - have with such hybrid systems,
had certified it as feasible.

The wind turbine is the main energy supplier; for regions with irregular winds and a
medium solar potential, the DGS is used to diminish the electrical storage.
13.3. Wind turbine + photovoltaic panel.

In regions with regular winds and, at least, a moderate solar potential it covers well the
electricity demand.

Except for the solutions 1.1. and 1.2. which require large investment costs,the last three
ones are all feasible, and the decision is to be taken according to two criteria:

• the budget of the local administration;
• the combined solar and wind potential of the location.

The first criterion might be influenced by good, serious technical projects offering
credible solutions.

The second criterion is as most important as the first one, the correct estimation of the
combined solar and wind potential leading to the possibility to exploit these local and
national resources.

This project is based on a request to supply electricity to remote, social consumers in
The Danube Delta, using renewable's sources of energy if possible.

To accomplish the project, a few problems have to get answers:
• to choose the location from a given list;
• to find out what is the solar & wind potential of the location;
• to choose the necessary equipment.

CHAPTER 2. THE ESTIMATION OF THE SOLAR & WIND POTENTIAL.

No matter which one of the solutions is adopted, the designer will try to get as much
electricity as possible from the WT, because is the cheapest between the DGS and the PVs.

2.1. The estimation or the wind potential.
In the Danube Delta the continuos recording of the meteorological data is taking place

in four locations: Tulcea (4m ), Sulina { 3m ), Sf.Cheorghe ( lm ) and Jurilovca (37m )
the figures indicating the altitude above sea level.

In spite of so few measuring points, The Danube Delta has some characteristics which
allow us to expand these data:

• the uniformity of the landscape;
• the presence of regular winds, both daily (the day and night breeze on the coast of

The Black Sea) and seasonally ("CRIVATUL"-cold wind from the East, and rainy
winds during spring and autumn from The Black Sea.

The location which was chosen is the village of JLRILOVCA because it is a wonderful
remote place with no electricity supply.

The wind regime in the village of Jurilovca is presented in Fig.l.
As regarding the wind speed, the thing that technically matters is the mean muItiannual

wind speed ( Vma) which represent?the statistical-probability to have a certain wind speed
during the year.

For Jurilovca, Vma = 4,08 m/s and its monthly variation is presented in Fig.l
The 4.08 m/s is relatively a low value for the wind energy conversion into electricity;that

value for the Vma speed was established taking into account only the durations when the
wind speed V is bigger than 10 m/s.

Different representations of the wind durations are given in Fig.3.

22. The estimation of the solar potential.
Due to a much higher cost rate ( S/produced kWh ) in the case of the PVs than those

of the WTs, the solar power source has to be designed as close as possible, just to fill in the
gaps leaved by the WT, and for that, one need to know the solar potential as well.

The solar energy if far more uniform distributed over the territory and during each day,
than the wind energy; it does not depend so critically on the natural or artificial obstacles.

For Jurilovca, the density of the solar radiation for clear and cloudy sky, on a horizontal
surface, is given in Fig.4.

The mean annual number of sunny days is 160-170 and that of the cloudy ones is 170-200.
The mean, monthly nebulosity is presented in Fig.5.
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Fig,4. The density of the solar radiation in Jurilovca.

Fig.5. The nebulosity of the sky and the number of cloudless days, during the year.

CHAPTER 3. THE PERFORMANCES OF THE PROPOSED EQUIPMENT.

3.1. Wind turbines.
To accomplish the project we may choose between four types of wind turbines deve-

loped in ICPE; their performances are presented in Table 1.

32. PV modules.
For the PV part of the system, we took into account the possibility of importing Western

modules; the performances of the modules, both indigenous and imported, are given in
Table 2.

3.3. Diesel generating setsa.
Because there are no such Romanian products, we w-n] consider using n inportjsi mp.-

its performances are given in Table 3.

Table 1. The performances of the wind turbines.

Characteristics

Rotor diameter [m]

Generator

Rated voltage [V]

Rated power [W]

Rated wind speed [m/s]

Starting speed [m/s]

Maximum speed [m/s|

EV-A1

1.00

a.c.

12/24

50

8

4

50

EV-B1

1.40

d,c.

12/24

200

10

6

50

EV-B2

1.80

d.c.

12/24

-400

10

6

50

EV-B3

12.70

d.c.

12/24

600

9

5

50

Table 2. The performances of the PV modules.

Characteristics

Rated batt.valtage [V]

Output [W]

Dimensions [mm]

Manufacturer

Type

SM 12/36

12/24

S.O

550 x 240

I.C.P.E.

PQ5/40

12

9.4

556 x 242

Telefunken ST

PR 50/40

12

19.2

563 x 459

Telefunken ST

PQ 40/50

12

50.0

1079 X462

Telefunken ST

Table 3. The preformances of the DGS.

Model

RA600

Pmax[W]

500

PfW]

400/50 Hz

n[rp.m]

3.000

Pm[HP]

1.0

Weight [kg]

21.2

Fuel cons.[l/h]

0.5



CHAPTER 4. THE DESIGN OF THE AUTONOMOUS POWER SOURCE.

4.1. The specific feature of the location.
To achieve such a project in a remote place raises also social problems related with the

acceptability of the population towards the concept of renewable's.
Generally speaking, people living in such remote places use car batteries ( which they

can change in the nearby villages-in the Southern part of The "Oltenia" District) if they have
such an opportunity, oc petrol lighting and small radio batteries (like in The Danube Delta).

The need for energy is so bad that any potential power source will be greeted in the
region.

The Danube Delta is a Biosphere Reservation and any project must not pollute i t in any
way, while installing or exploiting.

4.2. The power consumption curve of the user.
It was left for ICPE to define the user and its power consumption; our option went to

an independent power supply for a school in the village of Jurilovca.
A typical school for that region, with its power demand is presented in Fig.6. and consists

of:
- 2 halls;
- 4 classrooms;
- secretary's room.
In such a school, pupils are learnig during the morning and during the afternoon.
Knowing the programme, the partition of daylight hours during the four seasons and

also the type and power of the consumers, in Fig.7. we've presented the diagram of the
daily and seasonal electricity demand.

We also need to know the monthly energy demand which is presented in Fig.8.
Finally, the annual demand is of 320.00 kWh.

4 3 . The design of the power source.
The design of the power source consists of the following stages:
- the estimation of the wind energy production;
- the estimation of the solar energy production;
- the estimation of the combined wind & solar energy production;
- the design of the power electric source and of the electrical storage.
The mean annual energy demand of the consummer is 320.00 kWh, which makes an -J

average daily demand of 880.00 Wh/day, with variations between winter and summer from
1,520 Wh/day to 400.00 Wh/day.

From the performances presented in Table 1, we may estimate that a 600 Wwind turbine
can be the most significant part of the power source.

With the considered wind regime, the production of electricity of the WT is presented
in Fig.9.

The same picture represents which is the energy demand of the consummer.
As it can be seen clearly from the picture, there is a monthly deficit of energy during

May and September, the daily deficit of 80 Wh/day in May and of 44 Wh/day in September.
Taking into account the maximum deficit of 80 Wh/day, the PV source will have to cover

that.
In May there are 276.60 hours with clear sky, which makes a mean value of 8.92 h/day;

with the performances of the PV modules ( 5 W/module ) and considering an average
efficiency of 50 %, we'll need 4 PV modules to cover that 80 Wh deficit.

A primary approximation, to cover the daily and monthly energy demand lead us to:
* 1 wind turbine of 600.00 Watts;

Fig.6. The proposed
application

a) The seasonal demand

w° ,

b) The daily
power demand™

Fig.7. Daily power demand and seasonal energy demand.
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• 4 PV modules of 5 Watts each.
The mean daily and monthly combined energy production is given in Fig.10.
We must emphasize the fact that the monthly partition of the wind durations taken into

account earlier, is just one of the most favorable; it is possible to have many other partitions,
in spite of the regular winds that blows there, in which we may have wind for 24-32 hours
and then 4, 5 or even 6 days with no wind at all.

The regular partition leads us to the smallest electrical storage; in the case of an
irregular partition, the battery have to be able to store the whole amount of e ne rgy produced
in few hours and to deliver it during the following days.

The most critical case takes place during the winter time, when both the wind energy
production and the demand are high, especially in December when in 32 hours the WT
might produce 19,575 kWh which would require an adequate storage.

In that case the electrical storage will be designed as follows:
(the electricity produced ( WT + PV) - daily demand ) : 24 V, which leads us to:
19,575Wh + 36.4Wh - l,520Wh = 18,091.4Wh
18,091.4Wh : 24V = 753.3Ah
This battery must provide electricity for the next 6 days:
( 1,520 Wh x 6 days ) : 24V = 3P0 Ah.
380 Ah is approximately 50 % of the storage capacity, which is 750 Ah; we'll choose this

size for the electrical storage,750Ah because it assures the demand at least for 4 to 5 days
which is the maximum we can ask for such a small power source.

If there will be more than 6 windless days, there is nothing to do but to accept the fact
or to provide also a DGS of 400 VA and only a small electrical storage of 50 to 120 Ah.

Another possibility is to raise the power of the PV system to 250 to 300 Watts peak
providing a small storage of 50 to 120 Ah.

The final decision is affected by the amount of money put at our disposal.
Finally we may choose between four solutions:
a) 600W/ (WT) + 20Wp/ (PV) + 750Ah / (BS);
b)600W/(WT) + 20Wp/(PV)+400VA/(DGS)+50Ah/(BS);
c) 600W/(WT) +250Wp/ (PV) + 120Ah / (BS);
d) 400VA (DGS).

CHAPTER 5. ECONOMICAL EFFECTS. ''' ;

We'll try to discuss some of the economical aspects related to the four possible solutions,
starting with the simplest one, the DGS.

5.1. Diesel generating set.
This kind of electricity supply is well-known all over the world; it is a reliable solution,

having a low fuel consumption which allows the consumer to have energy when necessary.
Today the solution is no longer used in Romania because of the "energy crisis"; during

the last 10 years the fuel was ratiocinated and the distributing points were usually 60 to 80
km away from the user.

A 400 VA DGS costs now in Romania about 1000 USS and for the human communities
from The Danube Delta two problems remains open:

• bringing the fuel from 80 to 100 km away, usually by boat;
• spares for the DGS.
We must emphasize that for the user it is still the most comfortable solution.

5.2. Combined WT + PV power source with battery storage.
600W / (WT) + 20Wp / (PV) + 750Ah / (BS).

11 12



It is relatively a cheap solution, reliable, but it is entirely dependent of the meteorologi-

cal conditions.
The cost of such a solution is:
600W/WT 200 USS
20Wp/PV 200 USS
750M/BS 562 USS

Total = 962 USS

600W/WT 200 USS
20Wp/PV 200 USS
400V A/DGS 1,000 USS
50Ah/BS 50 USS

Total = 1,450 USS

5.4. Combined WT + PV and battrey storage.
We'll give only the figures:
600W/WT 200 USS
300Wp/PV 1,250 USS
SOAh/BS 50 USS

.1 = 1,500 US J ^ _̂  k n e e ( j s a r o o m o f a b o u t 1 2 m3 for the electrical storage

•r ail the solutions it is necessary to have a minimum of service and maintenaace:
if only for the DGS, it requires about lman year/year;
if only for renewable's, that require about 1 man weekfrear;
every 5 to 6 years the batteries will have to be replaced. , . „ - , ,

• ' • ' ' , the costs in 10 and 20years are presented comparatively in Fig.ll.

he use of the DGS is the cheapest

battery storage is the

, for more than 15 years, the solution with 600W/WT + 250Wp/PV + 50Ah/BS is

We m S ^ m p i S ' t h a t the electrical source using renewable's require better skills of
the user and a permanent survey of the energy storage and demand.

CHAPTER 6. CONCLUSIONS.
l.The analysis made by us showed that there are remote places in R ° ^ * J « ™ •»g

distances to the NEGS or the restrictions imposed to any ^ ° ™ * h « J ^ £ * £ S S a »
ecosystem, may be favorable to renewable electnaty supplies (like The Danube Delta or
the mountainous regions).
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2. In our investigation we took into account four different solutions to provide electricity
to a school situated in a remote village of The Danube Delta, called JurUovca.

3. On short term, up to 5 years, the solution with DGS is the simplest and cheapest.
On medium term, 8 to 15 years, the cheapest solutions are those which do not use a

DGS.
On long term, the solution with 600W/WT + 250Wp/PV + 50Ah/BS is the winning one.
4. The cheapest solution on medium and long term is the one that uses a WT.
One of the conditions to disseminate such power sources is to know precisely the wind

potential.
This paper presents only estimations of the wind potential because the wind data we

had did not allow us to be more precise but for remote places which needs energy badly
the most attractive solution to chart the wind potential is to install a small wind turbine
performing a double role:

* to log the wind potential;
" to produce electricity.
5. According to the specific features of The Danube Delta, the use of renevable's is

most recommended regarding poltution aspects.
6. The success of the project could ensure its speading on a large scale in Romania.
7. Being a Biosphere Reservation, an international co-operation would allow us to use

high performances PVs and DGSs which mjght ensure a higher success rate of the project.
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LIST OF ABBREVIATIONS

NEGS - National Electrical Grid System
PV - photovoltaic
DGS - Diesel generating set
WT - wind turbine
Vma - mean, multiannual wind speed
BS - battery storage
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