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Small system conditions

 Large city in a developing country

 Peak electricity load 200 MW 

 Electricity consumption 1060 GWh/a

 Full power hours 5000 h/a
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Power plant alternatives and 

capital costs
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Generation costs



Break even

 The break even costs of the LFO 

Diesel plant and the HFO DECC plant 

would be at

 t = (135 400 – 92 800)/(138.7 – 95.5) 

=  991 h/a
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Step wise evaluation
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-------------------------------------------------------------------------------- 

Step  DECC plant LFO plant Generation costs  

  MW  MW        eur/MWh 

-------------------------------------------------------------------------------- 

0    0.0  238        159.6 

1  17.8  221   154.3 

2  35.6  204   149.1 

3  53.5  187   143.8 

4  71.3  153   137.0 

 

5  89.1  136   131.8 

6  106.9  119   127.2 

7  124.7  102   124.0 

8  142.8   85   122.8 

 

9  160.4   68   122.6 

10  178.2   34   121.5 

11  196.0   17   122.2 

12  213.8    0   122.9 



Load duration curve
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Optimal system with diesel 

engine plants
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Wind power 

integration

Small system
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Integrated wind and diesel 

power system
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Generation costs 

integrated wind diesel system
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------------------------------------------------------------------------------------------------------ 

    Capacity Electricity Annual  Generation 

    of system generation costs  costs 

    (MW)  (GWh)  (M€)  (€/MWh) 

------------------------------------------------------------------------------------------------------ 

- Wind energy plants  330   855   68.9   80.5 

- HFO DECC plants    71   196   28.4  144.7 

- LFO Diesel plants  153      5   14.9  2990 

------------------------------------------------------------------------------------------------------ 

 Total    554  1056  112.2  106.2 

================================================== 

 

Cost saving (122-106)/122 = 13 %



Independent wind and diesel 

system
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Generation costs of 

independent wind and diesel 

system
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------------------------------------------------------------------------------------------------------- 

    Capacity Electricity Annual  Generation 

    of system generation costs  costs 

    (MW)  (GWh)  (M€)  (€/MWh) 

------------------------------------------------------------------------------------------------------- 

- Wind energy plants  230   634   48.4   76.4 

- HFO Diesel plants    99   384   52.2  135.9 

- LFO Diesel plants  132     40   17.9  441.5 

------------------------------------------------------------------------------------------------------- 

 Total    461  1058  118.5  112.0 

=================================================== 

Cost saving (122-112)/122= 9%



Large interconnected power 

system (E.ON Germany)
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Generation without the wind
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Generation with 30 % wind
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Influence of wind generation
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Influence of wind generation

for utility in the 1.10. case
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Change in CO2-emissions -25%

Change in fuel costs -39%

Change in income -29%

-drops electricity price

Change in net profit -20%



Micro power 

systems
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Micro power generators
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Type   Electrical  Electrical Total  CO2 

   Output  Efficiency Efficiency Emissions 

   (kW)  (%)  (%)  (g/kWh) 

------------------------------------------------------------------------------------------------- 

Microturbines  30 - 200  20-25 % 80 %  250 - 800 

 

IC Engines  1 - 100  30-35 % 75 %  270 - 670 

 

IC Engines  100 - 1000 35-40 % 80 %  250 - 570 

 

PEM fuel cells  1 – 100 35-40 % 80 %  250 - 570 

 

SOFC fuel cells 1 – 100 40-45 % 85 %  235 - 500  

 

SOFC fuel cells 100-1000 40-45 % 85 %  235 - 500 

 

Stirling Engines 1 – 100 35-45 % 85 %  250 - 500 



Applications

 Offices 100-1000 kW 
⚫ IC-engines and microturbines

⚫ SOFC fuel cells in the future

 Homes1-5 kW 
⚫ IC engines and solar cells to day

⚫ PEM-fuel cells in the future

 Caravans and boats 0,1-1 kW 
⚫ IC-engines today

⚫ Methanol fuel cells in the future
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Summary

 Small independent system can be 

built using diesel plants

 Wind power drops system costs, 

CO2-emissions and electricity prices

 Micro power systems are coming in 

the near future
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For details see reference text book

”Planning of Optimal Power Systems”

https://www.booky.fi/tuote/vuorinen_asko/planning_of_optimal_power_systems/9789526705712
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