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Reliable power from renewables with 
assistance from reciprocating engines

Rising fossil fuel prices, decreasing security 
of fuel supply as well as the desire to limit 
greenhouse gas emissions are reasons 
why the EU has decided to stimulate 

an increase in the use of renewable 
energy sources in Europe. The European 
Commission has recently decided that 
Europe has to derive 20% of its energy 
needs from renewable sources by the year 
2020. Part of this will be achieved in the 
transport sector, where 10% of the fuel 
demand will be covered by renewables 
such as ethanol or methanol. The bulk 
of the renewable energy will be used for 
electricity generation and high hopes are 
put in wind power and photovoltaics. 
However, electricity generation based 
on wind power and solar radiation lacks 
the easy controllability of power output 
from fuel-based power generation, 

Fig. 1 – Examples of the typical dynamics in electricity 
demand in a Scottish region (left) and in Portugal (right). 

resulting in difficulties in matching 
electricity production with demand. 

Matching demand pattern 
and production
The use of electricity and human activities 
are closely connected. Electricity is a 
very versatile energy source used for 
example for artificial lighting, to power 
production lines and public transport 
systems. During the night, the demand 
for electricity falls to a minimum, but 
from 7 am on weekdays many activities 
start up again, resulting in a sharp rise 
in power demand, which can be up to 
180% of the minimum demand. In hotter 

The need to cut greenhouse 
emissions is driving the move to 
renewable energy sources. Wind and 
solar power are frequently mentioned 
as natural alternatives to fuel-based 
electricity generation, but both 
depend upon weather conditions. 
Reliable reserve power capability 
is, therefore, necessary to ensure 
electricity supply.
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countries, air conditioning causes a peak 
in demand at noon. In colder countries, 
demand peaks in wintertime can be 50% 
higher than in summer as electricity 
is used for domestic heating. Figure 1 
illustrates the dynamics in electricity use 
in a Scottish region and in Portugal. 

The demand fluctuations caused by 
individual users switching equipment 
on and off have a stochastic nature 
and generally do not exceed 2% of 
the mean momentary demand.

Network operators need to be able 
to control the output of the generators 
in a supply system to cope with these 
short-term fluctuations in demand. 
These generators can then be used for 
frequency regulation, load following 
and as spinning or non-spinning 
reserve. Network operators predict the 
demand pattern for the next day and 
contract sufficient capacity to meet 
the sharp rise in power in the morning 
and the peak in the afternoon.

Steam-based power plants typically need 
a couple of hours for preheating before 
they can deliver electricity. Their ramping-
up capacity is about 2 to 3% of their 

nominal power per minute. Power stations 
can also fail to start up or trip at full 
load. That is why a contingency reserve is 
required, which can be spinning reserve 
(running and on line) as well as standby 
reserve (non-spinning, but ready to come 
on line). The non-spinning reserve power 
has to come on line as soon as the bulk 
of the spinning reserve has been used. It 
will be clear that a generator owner has 
to be compensated financially for such 
so-called system services (or ‘ancillary 
services’ in the North-American literature). 
Reciprocating engines and aero-derivative 
gas turbines have a ramping-up rate faster 
than steam based power systems and 
are often used for this type of services. 

Generators based on hydro energy from 
water reservoirs can also react quickly to 
demand fluctuations. Countries such as 
Italy and Portugal have the landscape and 
climate to make extensive use of hydro 
power, even though the available energy 
varies from year to year and depends upon 
the time of year. Existing hydro systems 
make it relatively easy to apply pumped 
storage, so that excess electricity from 
other sources can be used to pump water 

into the reservoirs for later use. The energy 
efficiency of such pumped-storage systems 
lies between 75% and 80%. In the EU, 
pumped storage capacity equals about 4% 
of the total installed generating capacity. 

Electricity production 
characteristics of renewables
Electricity production from wind energy 
and photo voltaics depends on the local 
weather conditions and is largely not 
controllable (non-dispatchable). If the 
wind increases in strength, there is a high 
risk that the wind turbines will suddenly 
have to cease operation while running at 
rated capacity, to avoid damage caused by 
overspeed. To cope with these situations, 
the network needs spinning capacity that 
can instantaneously take over the load 
from the wind turbines. Also, if the wind 
speed falls drastically over a wide area, 
much standby reserve has to be put on 
line. In both cases, the network operator 
has to pay for these services, which can 
reduce the intrinsic economic value of the 
electricity from renewables down to almost 
nothing. Therefore the real economic 
value of the electricity produced depends p

Fig. 2 – Typical output during a year for a windmill at an average site (red) and 
at an excellent site (blue).
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