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REZUMAT. Lucrarea sintetizează o serie de criterii de optimizare pentru proiectarea sistemelor energetice din surse regenerabile. 
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ABSTRACT. This paper makes a synthesis of a series of optimization criteria for the design of optimal renewable energy systems. 
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1. INTRODUCTION 

The modern renewable energy industry has been 
declared by most analysts as a sector with a guaranteed 
growth, challenging even the economic crisis. This was 
possible due to the global trends that are fundamental 
for its great expansion during the past decade. Policy-
makers have reacted to growing preoccupations 
regarding climate change, energy security, conventional 
energy sources depletion and energy costs by creating 
more favorable policy and economic frameworks. Not 
only the frameworks were created, but also capital 
markets have allocated larger funds for the development 
of the renewable energy industry (Fig. 1). 

 
 

Fig.1. Global investments in renewable energy, 2004 - 2008 [4, p.14]. 
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Fig. 2. General model for renewable energy supply systems optimization. 
 

As a consequence of these investments, the utili-
zation of renewable energy sources is increasing world-
wide. Along with the increase of utilization, the concern 
about how to integrate these resources into the energy 
systems rises also. In order to have a high degree of 
efficiency in the energetical transformation process and 
also in the future exploitation process, a series of opti-
mization criteria must be applied to the whole system. 

2. OPTIMIZATION CRITERIA 

The design of optimal energy resources mixes can be 
done only by having in consideration all the influence 
factors that affect this process (Fig. 2). This optimization 
should be implemented according to economic ob-
jectives and constraints, technological possibilities, 
environmental issues and social and legal factors. 

2.1. Technological criteria 

The elements taken in consideration: 
 the technological process efficency; 
 the technological process control; 
 existing energy sources; 
 subsystem diversity; 
The process efficiency is in a tight connection with 

the quality of supply. The quality of supply is the 
proportion of an energy source that can be converted to 
mechanical work. Thus electricity has high quality 
because when consumed in an electric motor >95% of 
the input energy may be converted to mechanical work, 
say to lift a weight; the heat losses are correspondingly 
small, <5%. The quality of nuclear, fossil or biomass 
fuel in a single stage thermal power station is moderate-
ly low, because only about 33% of the calorific value of 
the fuel can be made to appear as mechanical work and 

about 67% is lost as heat to the environment. If the fuel 
is used in a combined cycle power station (e.g. methane 
gas turbine stage followed by steam turbine), then the 
quality is increased to 50%.. [2, p.13]. 

Good matching of renewable energy supply to end-
use demand is accomplished by control of machines, 
devices and systems. There are three possible categories 
of control: 

 Spill the excess energy. Since renewable energy 
derives from energy flow sources, energy not used is 
energy wasted. Nevertheless, spilling excess energy 
provides easy control and may be the cheapest option. 

 Incorporate storage. Storage befire transformation 
allows a maximum amount of energy to be trapped 
from the environment and eventually harnessed or used. 
Control methods are then similar to conventional methods 
with finite sources, with the store equivalent to fuel. The 
main disadvantages are the large relative capital costs 
of storage, and the difficulty of reducing conventional 
control methods to small-scale and remote operation. 

 Operate load management control. Parallel arran-
gements of end-uses may be switched and controlled so 
as to present optimum total load to the supply. There 
are considerable advantages if load control is applied to 
renewable energy systems: 

o no environmental energy needs to be wasted if 
parallel outputs are opened and closed to take whatever 
input energy flow is available; 

o priorities and requirements for different types of of 
end-use can be incorporated in many varied control 
modes; 

o end-uses having storage capability can be switched 
to give the benefits of storage in the system at no extra 
costs; 

o electronic and microprocessor-based control may 
be used with benefit of low cost, reliability and ex-
tremely fast and accurate operation. 
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These categories may be applied in different ways, 
separately or together, to all renewable energy systems. 

It is essential that a sufficient renewable source is 
already present in the local environment. It is not good 
practice to try to create this energy source especially for 
a particular system. For example, biogas production 
should only be contemplated as a by-product of an 
animal industry already established, and not vice versa. 
Likewise, for a biomass energy station, the biomass 
resource must exist locally to avoid large inefficiencies 
in transportation. The practical implication of this prin-
ciple is that the local environment has to be monitored 
and analysed over a long period to establish precisely 
what energy flows are present. 

For energy supplies, there should be diversity in all 
aspects of energy supply and use, including transport, 
fuels, electricity generation and heating. Clearly re-
newables are able to give great diversity of supply in 
these aspects, and with geographical variation. 

2.2. Economic criteria 

The elements taken in consideration: 
 costs; 
 economic efficency (profit); 
 comparative analysis; 
 lifec cycle cost; 
 different aspects of the economic market (disponibili-

ties, exchange rates etc.). 
Economics as a discipline aims to develop tools that 

will help people and governments make rational 
decisions about the allocation of scarce resources. It 
does this by reducing all options to monetary terms. 
From an economist’s perspective, all actions have both 
costs and benefits; the question to be answered is which 
of several alternative choices, including the status quo, 
has the most favourable balance. 

Renewable energy utilises energy from the environ-
ment, which usually arrives without payment as with 
sunshine, wind and rain. The major cost of renewables 
is therefore the initial capital cost of the equipment, and 
so the method of integrating capital and operational 
costs is vital for economic comparisons with fossil and 
nuclear fuel systems. 

A tool that serves the purpose above mentioned is a 
life cycle cost (LCC) analysis. This gives the total cost 
of the system, including all expenses incurred over the 
life of the system and salvage value. There are two 
reasons to do an LCC analysis [1, p. 262]: 

 to compare different power options, and 
 to determine the most cost-effective system designs. 

An LCC analysis allows the designer to study the 
effect of using different components with different 
reliabilities and lifetimes. For instance, a less expensive 
battery might be expected to last 4 years, while a more 
expensive battery might last 7 years. Which battery is 
the best buy? This type of question can be answered 
with an LCC analysis. 

2.3. Environmental criteria 

The elements taken in consideration: 
 sustainable development; 
 GHG effect, pollution; 
 climate change; 
 recycling; 
 source regeneration cycle. 
Sustainable development can be broadly defined as 

living, producing and consuming in a manner that meets 
the needs of the present without compromising the 
ability of future generations to meet their own needs. 
The aim of sustainable development is for the improve-
ment to be achieved whilst maintaining the ecological 
processes on which life depends.. 

Renewable energy supplies are much more com-
patible with sustainable development than are fossil and 
nuclear fuels, in regard to both resource limitations and 
environmental impacts [2, p. 4]. 

The affectation of ecosystems is a problem of both 
conventional and renewable energy systems. Even if 
environmental impact is less and of different nature 
than for fossil fuel based energy or nuclear, the impact 
of renewable energy systems should be considered 
regarding the effect that exploiting natural sources has 
on the ecosystem in which the system is integrated. 

Another important aspect that needs to be considered is 
the source regeneration cycle. Eaven if, for example, wood 
is a natural renewable source, it has a slow regeneration 
cycle and using it on a large scale as a primary energy 
source would lead to large zones of deforestation. And this 
would hava a major negative impact on the environment. 

2.4. Criteria associated with social  
and legal aspects 

The elements taken in consideration: 
 locative structure; 
 need analysis; 
 health and safety; 
 national, community and international legislation. 
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Action within society depends on many factors, 
including culture, traditions, political frameworks and 
financing. Such influences vary greatly between locali-
ties, and also change with time; they also depend on the 
availability and awareness of technologies. 

Governments tend to have much legislation concerning 
energy supply to regulate security, diversity, costs and 
safety. Specific legislation is needed for renewables, 
like rights to hydropower, sunshine and wind. To in-
crease security and diversity of supply, governments may 
obligate energy suppliers to include a certain proportion 
from renewables. Benefits may be enforced, for example, 
by net metering for householders so imported electricity 
from the grid is offset by exporting from embedded 
photovoltaic, wind and hydro-generation. 

Governments and responsible organisations have many 
regulations to safeguard and improve the safety and 
health of citizens. Like other energy installations, such as 
nuclear power stations, oil refineries, and high-voltage 
transmission lines, renewable energy installations can be 
dangerous, with recognisable difficulty in maintaining 
safety at the many and dispersed locations. Working 
near rotating machinery and electrical power systems, 
climbing structures and handling combustible materials 
present dangers. In practice, many renewable instal-
lations have relatively small-scale operation, so 
personnel are involved in many varied tasks; although 
providing interesting and responsible work, such varia-
tion presents dangers. [2, p.258]. 

3. CONCLSIONS 

Many changes in social patterns are related to energy 
supplies. We can expect further changes to occur as  

renewable energy systems become widespread. The 
influence of modern science and technology ensures 
that there are considerable improvements to older 
technologies, and subsequently standards of living can 
be expected to rise, especially in rural and previously 
less developed sectors. It is impossible to predict 
exactly the long-term effect of such changes in energy 
supply, but the sustainable nature of renewable energy 
should produce greater socio-economic stability than 
has been the case with fossil fuels and nuclear power. 

There are many different optimisation criteria that 
can be applied to design energy systems that can 
improve the points mentioned in the above para-
graph. This paper has presented a series of criteria 
that have different appliances in most of the com-
ponents of the present society. There is no uneuivocal 
answer as how to design the optimal energy system, 
but it is good practice to apply as many of the criteria 
emphasised in this paper to the design of the energy 
system. 
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