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Motivation

How to design a rural renewable power supply and how much does it cost to meet the different “energy scenarios”? This question is answered in the following, supplying
an average Luxembourgish village with power generated from renewables. A low price as well as a low energy import from the grid is the goal of the proposed energy system.

Wind power

Concept

A Luxembourgish average sample village 3.92m/s 5.22m/s 6.59 m/s

is designed,

L. : : 8,5 100 kVA 20 kVA
consisting of the main consumer, namely, private households, KW
farms and service consumer. The village has 255 inhabitants 817.9 11650 21857  3453.1 340.3
. ) 6952.3 116501.4 218574.9 345309.9 6806.6
and 94 households, which represents the median of the rural
0.140 0.181 0.096 0.061 0.313

population. The power demand is 481 MWh/a.
1.) Schematic settlement, 2.) Inhabitant distribution, 3.) Load

Using the standard load profiles (HO, G1, G2, G4, G5 ) for the curve, 4.) Circle of wind power, 5.) Available renewable energy

different consumer a village profile was derived. The three :
following renewable energy scenarios are analysed: z WWVMMWVWWWWWWWWWWWWM o A\
1. 11.8 %: Luxembourgish Goal for 2020 i : Sl
2. 30 %: European goal for 2030 210 3 g
3. 100 %: Theoretical energy goal for a renewable supply 0 dHe e s e < S \\_%
RRB BB BRI A R BRI BRRBRBAAaas s i’ 3 I — Village Loadcurve
2.) 77T bt soonse - 3.) | Csipieszsigrgeeninnininaaiesgaan 4.)
Optimized Renewable Generation
Using a number of three decentralized renewable concepts which 30years 255000 EUR 25years  192.00 EUR/panel
can be directly feed into the 400V grid a 8.5kW solar PV, a 100 kVA 60years 50 000 EUR 13years  2058.00 EUR/piece
wind power plant and a 20 kVA hydrokinetic turbine are 30 years 15 000 EUR 30 years 198.00 EUR fix
considered in the optimization. The systems annuities are: Solar 34.00 EUR/panel
(8.5 kW): 972.30 EUR/a; wind (100kVA): 20976.79 EUR/a; SOyears 8000 EUR 37.50 EUR/panel
L . 1150 EUR
hydrokinetic (20kVA): 2129 EUR/a, each calculated for 13 years. 42.50 EUR/panel
3900EUR 240 EUR fi
IX
The cost optimization aims on a minimum cost to supply the
villages’ electricity demand. A minimal cost solution for the Optimization: ;YEI%NH{C x|Ax = b}
. . . . . . 0
considered time span of 9 years is derived using real generation _ _ _ _ ig ﬁgz 232874320555
profiles of the three renewable technologies. Psotarn  Pwina1  Pryara | [Ysolar - Ppemand,i 13 years 4882 EUR
Ax =2 b = * | Xwind | = 15 years 800 EUR
The IBM Ceplex solver was used to find the optimum solution of ] Psotm  Pwina,m Phydr,m_ | Xhydr | _PDemand,m_ +eSURIE
. . 113.65 EUR/a
the problem defined in Matlab. o T " 3
sol
Ty = | Xy _ z N z ke
, , , c'x = |Xwind| x A X = a;+ * X;| = P, xx
The number of PV systems is restricted to the maximum number of Xhydr ‘ _ 1[ e * i) _ 1[ % %
_ . l= l=

households, 94. The number of hydrokinetic turbines is restricted
by the line losses and therefore by the distance of the turbine to
the village. The number of wind power plants is restricted by the
length of a circle around the village and its diameter and the
turbines minimum distance to each other.

T _ _ .
C X = z(ci * xi) = Csolar* Xsolar T Cwind * Xwind Tt Chydr * Xnyar = Min
l

Energy Constraint: P * Eroaa = Esotar * Xsotar + Ewina * Xwina + Enydro * Xmydro

1000 m T N 1O(L5—Lr—11d3)
.. . : Trm ; . T =T % 20dB
Limited number of wind turbines:  Nrurpines (Nimnabitants) = —¢ ggl 7" m;“gg::nts +0,282 | Length of sound transmission: 0
’ \
Results
The results of the optimization show, that
for different energy scenarios the prices
and the systems’ performance vary. 9 21 70 A 20 A7
0 0 0 2 1 0

It is interesting to see that up to 100%
renewable energy supply in 0 0 0 0 0 23
Luxembourgish villages the solar PV 62.57 146.00 486.66 484.63  484.35 483.31
generation is the most cost effective 419.65 -336.22 444 5 41 513 1.09
solution with 14 €ct/kWh.

/ 62.52 130.12 207.43 259.91 313.45 235.44
Locations with a higher wind speed make 419.7 352.10 274.79 222.31 168.77 246.77
hybrid - solutions of wind and solar 0.05 1588 27923 22472 170.89  247.86
systems more efficient. So the price for
the best wind speed location is just 105.9 105.9 105.9 105.8 105.8 105.6
8.4€ct/kWh. 27.6 144.3 650.1 183.1 234.0 632.2
The innovative hydrokinetic turbine in a 0.1 8.6 28.1 34.8 44.1 30.3
100% renewable hybrid energy scenario 13.0 30 3 100.9 1005 100.4 100.2
leads to higher generation prices of | | | | | '

0.140 0.140 0.140 0.095 0.084 0.196

about 19.6 €ct/kWh.
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