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Figure 7.1. Influence of house thermal insulation on energy savings (kWh/m2) 
Source: Buzov (2010)

With the aim of increasing energy efficiency in a heat usage, it is recommended 
to use renewable energy sources. For the rural areas of the cross-border Croatia and 
Hungary region, the following renewable energy sources technologies are recom-
mended – solar thermal collectors, heat pumps and biomass based micro heating 
systems (pellet and wood chips furnaces). Solar thermal collectors and heat pumps are 
described in chapters 6.3 and 6.4.

Figure 7.2. Central heating system with a combination of solar thermal collectors and  
wood chips boiler (Urbersdorf ). 

Source: Photos by the author

According to Topić, Knežević, Šljivac et al. (2018), solar thermal collectors, in 
a combination with a wood chips boiler, can be used for thermal heating (or as a 
support to a heating system) during cold spring and autumn days. In figure 7.2, an 
example of a heating system with a combination of solar thermal collectors and wood 
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chips boiler in Urbersdorf, Austria is shown. Biomass and biogas power plants are 
very convenient for the application in rural areas due to raw materials availability. The 
members of the RuRES research team visited this power plant.

Figure 7.3 illustrates solar thermal collectors of building “Šparne hiže” in 
Koprivnica. The purpose of solar thermal collectors is to increase energy efficiency. 
In figure 7.4, a part of the energy management system is presented. 

Figure 7.3. Solar thermal collectors of building “Šparne hiže” in Koprivnica. 
Source: Photo by the author

Figure 7.4. Part of the energy management system. 
Source: Photo by the author
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The members of the RuRES research team visited this building. Based on the 
experience, a similar system can be applied in the industry in rural areas or in build-
ings of local governments. 

Figure 7.5. Horizontal heat pump system with a closed cycle.
Source: Perko et al., 2011

Figure 7.6. Vertical heat pump system with a closed cycle.
Source: Perko et al., 2011
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Figure 7.7. Vertical heat pump system with an open cycle.
Source: Perko et al., 2011

The examples of heat pump calculation and possible applications of heat pumps 
are described in Perko et al. (2011). According to Perko et al. (2011), for a house 
with the area of 186-223 m2, needed heat power is around 10.6 to 11.4 kW. Possible 
applications of heat pumps are presented in figures 7.5, 7.6 and 7.7.

7.3 elecTriciTy

Electricity is a resource which is nowadays indispensable. Electricity consumers 
(households, industry and other service activities) can be supplied with electricity 
from a power grid or their own electricity generation. Regardless of the source, the 
goal is to use electricity efficiently due to following reasons:
•	 efficient electricity usage means less energy consumption for the same production 

or comfort level, which results in lower costs;
•	 environmental protection – less energy consumption for the same production or 

comfort level, which results in lower greenhouse gas emissions and lower negative 
impact on the environment.

Energy efficiency from the point of view of lower costs means that with the 
improvement of energy efficiency, financial savings will occur and these financial 
savings can be used for the improvement of the production quality, quality of life, 
quality of services etc.
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According to the European Environment Agency (2018), for every generated kWh 
of electricity in 2014, CO2 emissions were 136.7 gCO2/kWh in Croatia and 206.6 
gCO2/kWh in Hungary, respectively. Energy efficiency can be achieved with the 
following measures:
•	 usage of energy efficient appliances with the highest class of efficiency (A+++);
•	 usage of lighting systems based on LED technologies;
•	 compensation of reactive power (especially in industry);
•	 usage of renewable energy sources.

LED lighting is the most efficient lighting body. Unlike incandescent light bulbs, 
which use only around 5% of energy for light (95% are losses in the form of heat), 
LED bulbs transform around 80% of used energy into light. In addition, a lifetime 
of modern LED bulbs is more than 25,000 working hours (to compare, compact fluo 
bulbs have a lifetime of around 8,000 working hours and incandescent bulbs around 
1,200 working hours); their cost is relatively low and they are widely available. That 
being said, we always recommend the usage of LED bulbs for lighting systems.

For industry consumers (e.g. wood industry), it is important to make a compen-
sation of reactive power. With compensation of reactive power, firstly we decrease 
consumer costs (financial savings can be invested elsewhere). Furthermore, we 
decrease energy losses in distribution and transmission lines, which results in a 
decrease of CO2 emissions as previously described. 

With the usage of renewable energy sources, close to the point of consumption, we 
influence on the increase of energy efficiency. A recommendation is to use renewable 
energy sources on the point of consumption for covering of one’s own electricity needs. 
For family houses in the rural areas of the cross-border Croatia and Hungary region, 
the most convenient are photovoltaic (PV) systems. According to Topić, Knežević, 
Šljivac et al. (2018), photovoltaic systems can be on-grid or off-grid (standalone).  Off-
grid PV systems can be used in remote areas without an access to a power grid. 

On-grid PV systems, if sized correctly, can contribute to the decrease of energy 
losses in a power grid, improvement of voltage profiles and postpone investments in 
distribution lines. On the other hand, off-grid PV systems can be used for power 
supply of objects which do not have an access to a power grid such as cottages, local 
community buildings, etc. Off-grid PV systems can be used for honey production 
(figure 7.8), irrigation system supply (Mohsin & Abdulbaqi, 2018; Pushpraj, Gupta, 
Gupta & Mulla, 2017; Topić, Šljivac, Stojkov, Perko & Gašparović, 2014)  and many 
other applications.
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Figure 7.8. Off-grid PV system for honey production.  
Source: OPG – Nenad Grčić

For the wood industry or farms, biomass and biogas power plants are very conven-
ient because they can be used for covering of one’s own consumption (electricity and 
heat) but they can be used as a power supply of local consumers as well.

In the RuRES research, a simplified model of an off-grid PV system, which can be 
used in rural areas, is developed and the research results were published in a scientific 
paper (Topić, Knežević, Kosić, & Perko, 2018). In figure 7.9, a scheme of the off-grid 
PV system, which can be used in rural areas, is shown. 

Figure 7.9. Scheme of the off-grid PV system 
Source: Topić et al. 2018
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8 Application of RES in the rural areas

Damir Šljivac, Zvonimir Klaić

8.1 Energy concepts in the cross-border (CB) region of  
Croatia and Hungary based on renewable energy sources

Renewable energy sources (RES) are a very important part of energy balances in 
almost every country. They provide electric and thermal energy with reduced pollu-
tion and exclude the use of fossil fuels. Also, unlike conventional technologies, RES 
use many dispersed sources of energy and they are compatible with the “smart grid” 
implementation in an electric distribution grid.

The CB area of Croatia and Hungary, rural continental eastern part of Croatia 
and southern part of Hungary, possesses a very significant potential of renewable 
energy sources especially high in the usage of biomass from the forestry and rests 
from the agricultural production including the possible biogas production at the 
farms. Its estimated potential is over 1.3 TJ/km2 but it is also one of the highest 
geothermal gradients in Europe with over 0.049 oC/m (Pannonian basin). Although 
solar potentials, compared to the south Mediterranean coastal part of Croatia, seem 
low, compared to Germany, having installed the most of European capacities in PV 
systems, the solar radiation on this part of the south-east Europe is over 20 % higher. 
Some parts of the region even possess medium wind energy potentials with a ten-year 
average wind-speed of 4-5 m/s.  

Some projects on implementing RES in electricity production have mostly been 
performed in rural areas of the cross-border area, especially in the field of agriculture. 
Further, there were some research on the usage of biomass, biogas, solar energy in 
photovoltaic systems in Croatia and a direct geothermal energy usage in Hungary. 
However, this region generally seems to lag behind the rest of Croatia and Hungary 
not only by installing RES capacities, but particularly in transferring knowledge and 
technology to raise industrial competitiveness when the field of RES is at stake.

According to (Ren21, 2016), distributed renewable energy (DRE) systems used for 
power, cooking, heating and cooling systems are systems that generate and distribute 
services independently of any centralized system in either urban or rural areas of the 
developing world. The systems have already been providing energy services to mil-
lions of people and numbers have annually been increasing. DRE systems can serve 
as a complement to centralized energy generation systems or as a substitute. They 
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offer an unprecedented opportunity to accelerate the transition to modern energy 
services in remote and rural areas, while simultaneously offering co-benefits such as 
improved health (through the displacement of indoor air pollution), contributions 
to climate change mitigation as well as positive effects on income growth, women’s 
empowerment and distributive equity, affordable lighting, enhance communications 
and facilitate greater quality and availability of education. DRE systems as well as the 
hybridization of existing microgrids may also reduce the dependence on fossil fuel 
imports.

There are many possible renewable energy technologies that could be used in rural 
areas but their implementation strongly depends on the energy service that would be 
provided as presented in the table 8.1.

Table 8.1. Energy services and associated used renewable energy technologies 

Energy service Income-generating value Renewable energy  
technologies

Irrigation

Better crop yields, higher-value crops, 
greater reliability of irrigation systems, 
enabling of crop growth during 
periods when market prices are higher

Wind, solar PV, biomass, 
micro-hydro

Illumination Reading, extension of operating hours Wind, solar PV, biomass, 
micro-hydro, geothermal

Grinding, milling, 
husking

Creation of value-added products 
from raw agricultural commodities

Wind, solar PV, biomass, 
micro-hydro

Drying, smoking (preserv-
ing with process heat)

Creation of value-added products, 
preservation of products that enable 
sale in higher value markets

Biomass, solar heat, geother-
mal

Expelling Production of refined oil from seeds Biomass, solar heat
Transport Reaching new markets Biomass (biodiesel)

TV, radio, computer, 
Internet, telephone

Support of entertainment businesses, 
education, access to market news, 
co-ordination with suppliers and 
distributors

Wind, solar PV, biomass, 
micro-hydro, geothermal

Battery charging Wide range of services for end-users 
(e.g. phone charging businesses)

Wind, solar PV, biomass, 
micro-hydro, geothermal

Refrigeration Selling cooled products, increasing the 
durability of products

Wind, solar PV, biomass, 
micro-hydro

Source: (Ren21, 2016)
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However, there are not only technology issues to be considered but also general 
conceptual differences on possible future development and usage of RES in rural 
areas of this cross-border region as follows:
1.	 Rural industry investment returns driven energy concept - aimed to ensure 

investment returns based on sold electricity feed-in tariff and/or value of pro-
duced or sold heat.

2.	 Community energy fosters integrated energy concept - aimed to demonstrate 
the economic and organizational feasibility of creating a community-driven RES 
energy village/rural area (Ren21, 2016).

3.	 Energy access concept(s) such as (Ren21, 2016):
a,	 remote community energy access to energy and fuel - obtaining access to 

energy and fuel for transportation on, for example a remote island, and reduc-
ing the costs of transporting and using imported fuel;

b,	 community-based electrification energy concept - aimed to provide a reliable 
electricity (power) supply through power generation and distribution critical 
for the sustainable development of rural communities;

c,	 renewable microgrids - basically off-line energy (power) systems with high 
flexibility in the application aimed to provide an energy (power) access for 
local population with no access to an energy (power) grid (or even to discon-
nect from the grid in order to reduce the cost and/or dependency on fossil 
fuels).

For the rural areas of the cross-border Hungary-Croatia region, a region consisting 
mainly of small family agricultural farms and largely lacking financial means for 
huge investments, certainly the most suitable energy concept would be the renewable 
microgrid energy concept.

According to (Schnitzer et al., 2014), (renewable) microgrids – distributed systems 
(DRE) of local energy generation, transmission, and use – are today technologically 
and operationally ready to provide communities with electricity services, particularly 
in rural and peri-urban areas of less developed countries. Over 1.2 billion people, which 
includes over 550 million people in Africa and 300 million people in India alone, do 
not have access to electricity. The traditional approach to serve these communities 
is to extend the central grid. This approach is inefficient due to a combination of 
capital scarcity, insufficient energy service, reduced grid reliability, extended building 
times and construction challenges to connect remote areas. Adequately financed and 
operated microgrids based on renewable and/or appropriate resources can overcome 
many of the challenges faced by traditional lighting or electrification strategies.
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There are several types of renewable microgrids that are associated with the afore-
mentioned energy concepts, namely NREL (2018):
•	 large grid-connected microgrids (e.g. military bases or campuses);
•	 small grid-connected microgrids (e.g. single gensets to backup unreliable central 

grids);
•	 large remote microgrids (e.g. island utilities);
•	 small rural remote microgrids (e.g. villages).

Rural microgrids tend to transmit power over low-voltage distribution networks 
from interconnected local RES generation such as photovoltaics, biomass CHP 
(co-generation of heat and power), micro-hydro and wind power plants, etc. to a 
relatively small number of customers. However, depending on the energy service pro-
vided, there could be a significant difference in an adequate microgrid design even 
when the same RES technology is used. 

Figure 8.1. Microgrid off-line PV system for electrification 
Source: Topić et al. 2013. 

To exemplify, due to a strong decrease in investment costs and the significant 
solar potential in the region, photovoltaic systems are approaching the so-called grid 
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parity, meaning that during their lifetime, they would pay-off the entire investment 
solely from electricity bill savings. This type of PV systems called on-grid systems 
(connected to the grid) are the most common.  However, in case there is no or in case 
of our cross-border region rural areas, usually expensive access to the remote grid the 
payback period of a microgrid based on an off-line PV system would be particularly 
much lower. Even so, the design of such an off-line system strongly depends on the 
energy service provided.

Figure 8.2. Microgrid off-line PV system for irrigation  
Source: Topić et al. 2014

8.1.1 Good practical examples in Croatia

Out of many solar PV, biomass and biogas projects, only some good practical exam-
ples will be presented here, such as
•	 residential scale 10 kWe PV research power plant on the Faculty of Electrical 

Engineering, Computer Science and Information Technology Osijek building, 
Osijek, Osijek-Baranja county;

•	 commercial scale 325 kWe PV system on the commercial building of Ricardo 
d.o.o. (Inc.) in Darda, Baranja, north of Osijek, Osijek-Baranja county;

•	 internal combustion engine 1700 kWe biogas CHP plant Orlovnjak, Žito d.d. 
(Ltd.) Group on milk cow farm Orlovnjak, Slavonija, south of Osijek, Osi-
jek-Baranja county; 
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•	 steam turbine 3300 kWe + 15.000 kWth biomass CHP plant Strizivojna Hrast, wood 
floor industry in Strizivojna, Slavonija, south of Đakovo, Osijek-Baranja county.

8.1.1.1 Residential scale 10 kWe PV research power plant on the Faculty of 
Electrical Engineering, Computer Science and Information Technology 
Osijek (FERIT) building, Osijek, Osijek-Baranja county 

This residential scale PV research power plant was established in 2014 within IPA 
CBC Croatia-Hungary REGPHOSYS (Photovoltaic Systems as Actuators of Regional 
Development) project with the overall objectives of the development of optimal pho-
tovoltaic system configuration for climatic conditions of the cross-border region and 
investigating the impact of photovoltaic systems on the electrical power system, eco-
nomics and environment. During the project implementation, a common knowledge 
database about the area characteristics significant for the application of photovoltaic 
systems was developed and the cross-border innovation network of research teams 
for the development of photovoltaic systems was established. Furthermore, the pho-
tovoltaic systems were optimized for climatic conditions of the project impact area in 
terms of selecting solar cells technology and inverter topology.

Figure 8.3. Laboratory for RES, FERIT Osijek  
Source: Photos by the authors 

As a result of this activity, an online database with the measurements of regional 
climate and weather conditions, electrical characteristics of 5 different PV technologies 
(mono and polycrystalline Si, amorphous Si, HTJ and CIS) together with electricity 
production from 10 kW research power plant consisting of two 5 kW arrays (mono 
and polycrystalline Si) has been established and available with more information on 
http://reslab.ferit.hr/ .
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Figure 8.4. Online database http://reslab.ferit.hr/ 
Source: (RESLAB, 2018)

8.1.1.2 Commercial scale 325 kWe PV system on the commercial building 
Ricardo d.o.o. (Inc.) in Darda, Baranja, north of Osijek, Osijek-Baranja 
county

Basic commercial scale PV power plant data (Šljivac, 2013): 
•	 location: Darda;
•	 rated power: 325.00 kWp;
•	 gross / active PV area of power plant space: 2,116.25 / 2,130.37 m²;
•	 solar irradiation PV power plant (array of FN modules): 2,989,670 kWh;
•	 (alternating) electricity produced by the PV power plant: 368,285 kWh;
•	 part of electricity supplied to the grid: 368.285 kWh;
•	 overall PV power plant efficiency (including a series of FN modules and other 

losses): 12.3%;
•	 PV power plant efficiency (only other losses): 80.7%;
•	 specific yearly PV power plant yield (energy per kW): 1.133 kWh/kWp;
•	 avoided CO2 emissions: 326,175 kg/yr.
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The basic block scheme of the PV power plant RICARDO, according to the 
investor’s submitted data (Šljivac, 2013), produced by KönigSolar in PVSYST is 
shown in Figure 8.5.

Figure 8.5. Basic block scheme of 325 kW PV power plant Ricardo 
Source: (Šljivac, 2013)

A total of 1300 FN modules were used in two series (880 and 420 modules) of 
the SCHÜCO International KG MPE 250 PS 60 EA installed power of 250 W each, 
resulting in a total installed power of the PV power plant of 325 kW. The module 
spatial arrangement for the roof of the building is shown in figure 7.6.

Figure 8.6. 325 kW PV power plant Ricardo, Darda, Baranja 
Source: Šljivac, 2013
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This project is particularly interesting due to the fact that it is a part of high level 
RES integrated into the 10 kV distribution feeder Bilje–Beli Manastir in Baranja 
with 9 different RES (PV and biomass) power plants being installed on a single feeder 
(part) of a rather rural distribution grid, as presented with red colour in Figure 8.7., 
and with the expected high rise of voltage and possible current overloads in the future.

Figure 8.7. Integration of 9 diff erent RES power plants (red color) on a single 10 kV feeder 
Bilje - Beli Manastir in the Croatian part of Baranja

Source: Šljivac, 2013

8.1.1.3 Internal combustion engine 1700 kWe biogas CHP plant Orlovnjak, 
Žito d.d. (Ltd.) Group on milk cow farm Orlovnjak, Slavonija, south of 
Osijek, Osijek-Baranja county 

With this 1700 kWe CHP power plant, which started operating in May 2016, a private 
investor from Žito Group, a large agricultural company in Slavonija, started building 
several biogas CHP plants and increasing the share of renewable energy sources in 
electricity generation thus ensuring the stability of the local distribution electricity 
system and simultaneously contributing to the implementation of the common EU 
energy policy prescribed by the National Action Plan for RES in 2020. 
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The project basic data (Šljivac & Klaić, 2017):
•	 investor: FARMA MUZNIH KRAVA (Milk Cow Farm) ORLOVNJAK D.O.O. 

(Inc.);
•	 location: Osijek-Baranja county, Antunovac, home number 182/1 k.o. Orlovnjak;
•	 operational mode: in parallel with the distribution network;
•	 connection voltage: 10 (20) kV.

For biogas production, an anaerobic digestion system is used enabling anaerobic 
digestion of milk cows manure, agricultural biomass and food industry waste into a 
manure with higher nitrogen ratio but most importantly into so called biogas con-
sisting mostly of methane CH4 and carbon-dioxide CO2 in a so called digester (or 
bioreactor or fermenter) presented generally in figure 8.8.

Figure 8.8. Anaerobic digester in CHP plant Orlovnjak for biogas production  
Source: Šljivac & Klaić, 2017

Biogas is collected at the soft membrane on the top of the digester and then 
burned in CHP plant consisting of two gas aggregates, namely a gas engine (in this 
case Jenbacher JMS 412) connected (by shaft) to (in this case STAMFORD 1268 
kVA) a synchronous generator with a stable operating condition connected to a 10 kV 
distribution grid usually at a connection transformer (in this case TS 35/10 kV Osijek 
Istok (East)).
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Figure 8.9. Usual CHP aggregate biogas configuration (Jenbacher – in figure) internal 
combustion gas engine + synchronous generator 

Source: Žito grupa, 2018

While electricity is being sold to the grid with a feed-in tariff (in this case 1.20 
HRK/kWh), thermal energy from the engine gas combustion is being used for heat-
ing the farm and drying agricultural biomass for energy and other uses (e.g. heating 
greenhouses used for vegetable production on one farm in Ivankovo). The increased 
revenue from the production of electricity and heat from the plant resulted in return 
on the investment in approximately four years (Žito grupa, 2018). 

8.1.1.4 Steam turbine 3300 kWe + 15000 kWth biomass CHP plant 
Strizivojna Hrast, wood floor industry in Strizivojna, Slavonija,  
south of Đakovo, Osijek-Baranja county

The wood floor (parket) company Strizivojna Hrast (Oak) d.o.o. (Inc.) put the first 
cogeneration plant in Croatia for the production of electricity and heat based on 
the combustion of biomass into operation. The investment is worth 117 million and 
Erste Bank, together with the Croatian Bank for Reconstruction and Development 
(HBOR), financed around 70% of the entire investment. The company Strizivojna 
Hrast have been engaged in the production of laminate flooring for domestic and 
foreign markets for many years. A classical steam turbine based CHP (co-generation) 
plant development project is launched with the aim of producing their own electricity 
and heat using resources from the existing wood floor (parket) production (forest and 
wood biomass) (Hrast Strizivojna, 2018). 



Renewable energy sources and energy efficiency for rur al areas

105

Figure 8.10. Steam turbine CHP plant 3.3 MWe + 15 MWth Strizivojna Hrast 
Source: Hrast Strizivojna, 2018

The CHP plant achieved savings in energy costs and increased its revenue from 
the sale of surplus electricity (out of 3.3 MWe) to HROTE (Croatian Energy Market 
Operator) planning to expand its product lines and the use of waste heat to increase 
the current capacity for drying wood elements for further processing (with approx. 15 
MWth available). As a result of the increasing production capacity, they increased the 
number of employees by about 20%. The investment replaced the usage of diesel fuel 
which is, in addition to being environmentally unacceptable, also very expensive. In 
addition to cost savings, the increased revenue from the production of electricity and 
heat from the plant resulted in return on the investment in six to seven years. 

8.2 Impact of distributed generation on power quality  
in the rural areas

The number of installed power plants with renewable energy sources (and other dis-
tributed sources) in the world has been steadily growing on a daily basis. Initially, 
various incentive measures were contributed to the European Union, while some of 
the technologies in the meantime had become so much cheaper resulting in being 
cost-effective without incentives. Although the benefits of renewable energy sources 
are well-known and unquestionable, each of these sources, with respect to the type 
and technology, by its production, affects the power quality in the power system 
where it is connected. The literature elaborates on the potential impact of certain 
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types and technologies of power plants with renewable sources to the power quality 
– photovoltaic power plants, wind power plants, fuel cells, generators and turbines 
which use different propellant fuels (gas, diesel), (Baggini, 2008; Dugan, McGran-
aghan, Santoso, & Beaty, 2002). Although the influence of the power plant on the 
power grid can be predicted by simulations, the final status confirmation are carried 
out measurements upon the construction of the power plant.

Measurements are performed before and after the connection of the distributed 
source (the duration of measurement is 7 days), the results are analysed and compared 
to the applicable standards and regulations – HRN EN 50160 and Croatian Grid 
Code (HRN EN 50160:2012, 2012; Narodne novine, 2006).

8.2.1 Influence of REPP on the power quality of the distribution network

Although the power conversion technology has a certain role in the power quality 
(such as wind and sun which, due to power changes, may cause voltage fluctuations), 
the power quality mostly depends on the interface and connection of the distributed 
generation and the type of connection with the electric power system, (Dugan et al., 
2002).

The main types of the interface and system connections are as follows:
•	 synchronous machines;
•	 asynchronous (induction) machines; 
•	 electronic converters. 

Since there are no power plants with asynchronous (induction) machines in the 
eastern Croatia, their influence on the power quality will not be discussed in this 
paper.

8.2.1.1 Synchronous machines 

Although synchronous machines are a well-known technology in the power system, 
there are some challenges to be faced with when using them as distributed sources. 
Due to their inertia, they can well tolerate leaps in the system, which is good when 
they are used as a reserve energy source. In the case of their application as distributed 
sources, they would be able to easily handle the island operation but also supply short 
circuit, (Dugan et al., 2002).

Although small distributed sources do not have enough power to regulate the 
voltage in the system, there is a possibility that a synchronous machine is large in rela-
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tion to the system’s capacity and it is involved in regulating the voltage of the power 
system. Of course, this contributes to the better power quality in some weak systems. 
However, these cases should be carefully studied and then meticulously aligned with 
the protection and regulation of the network voltage.

In Croatia, synchronous generators are mostly used in biogas plants and biomass 
power plants. The main raw materials for propulsion are located near farms (pre-
dominantly cow farms) and near the woods, power plants are built in rural areas. 
Synchronous generators are commonly connected to a middle voltage power network 
through three-phase transformers that have delta-wye windings connection. For dis-
tribution networks in rural areas, it is characteristic that they are “weak”, i.e. there 
is usually no significant consumption. Therefore, with carefully adjusted protection, 
problems with voltage regulation can be expected, so it is important to keep in mind 
that the voltage, with the connected power plant, is not too high. So far, this chal-
lenge has been mainly solved by the manual regulating voltage on the transformer. 
In the normal operation of such power plants, problems with other indicators of the 
power quality are not expected.

8.2.1.2 Electronic converters

All distributed source technology, which produces DC or AC power with other than 
network frequency, must be connected to the power grid via an electronic converter. 
Although electronic converters have an undeniable influence on the power quality, in 
the form of higher harmonics current, the newer pulse-width modulation technology 
brings significant improvements (Dugan et al., 2002).

In the photovoltaic power plant, the most important part, considering the power 
quality, is a converter which converts the direct current from photovoltaic modules 
into alternating current, (Baggini, 2008). The converter has several functions and 
the first one is to control the photovoltaic route. When the sun rises in the morning, 
the photovoltaic module is connected to the network. As insolation and temperature 
change during the day, the converter adjusts the current and voltage to maximize the 
power output from the photovoltaic modules. At the end of the day, the converter 
disconnects the system from the network.

8.2.2 Power quality measurements

For the purpose of the Study of the Impact of the Power Plant on the Power Grid, 
power quality measurements are performed before and after connecting the power 
plant to the power grid. Power quality measurements are performed using class A 
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accuracy analyser, which is defined in IEC 61000-4-30. The measurement results are 
analysed according to HRN EN 50160: 2012, Voltage Characteristics in Public Dis-
tribution Systems (EN 50160: 2010) (HRN EN 50160:2012, 2012), where the limits 
for certain power quality indices are defined. Each measurement lasts for 7 days.

There is an obligation to analyse the results of power quality measurements 
according to EN 50160 and the Croatian Grid Code.

The European standard EN 50160 defines the main features of the supply voltage 
in the public distribution system at the consumer’s supply place. The following indi-
ces are set by the standard:
•	 voltage dips and interruptions;
•	 voltage variations;
•	 harmonics and interharmonics;
•	 transient overvoltages;
•	 voltage imbalance;
•	 line frequency;
•	 the presence of DC voltage in AC voltage;
•	 the presence of signalling voltages.

Figure 8.11. Summarized results of the power quality measurements on 300 kW  
Source: (BPP) Hrastin.

Therefore, the measurement and analysis of the power quality include all of the 
aforementioned indices and voltage characteristics, (Feracci, 2001).

Figure 8.11 shows the summarized results of the power quality measurements on 
300 kW biogas power plant (BPP) Hrastin. Seven groups of columns represent seven 
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power quality indices, namely frequency, events, voltage changes, total harmonic 
distortion (THD), long-term flicker, voltage imbalance and voltage harmonics. Some 
indices are displayed by three columns, such as voltage changes, as each column indi-
cates one phase. Columns can be either red or blue; red columns indicate 95% of the 
week and the blue represent the maximum values. The red horizontal line represents 
the limit values for each of the power quality indices. In cases where the red colour 
column is higher than the red horizontal line, it means that the index values do not 
comply with the limits of EN 50160.

As already mentioned, an analysis of the power quality measurement according to 
the Grid Code is also required, (Novine, 2006). Similarly to HRN EN 50160: 2012, 
the Grid Code provides limitations for voltage fluctuations and frequency changes, 
but for some of the power quality indices, there are limits to the allowed contribution 
of the power plant to the distribution network. Such rules exist for the following:
•	 THDU (Total Harmonic Distortion of Voltage); 
•	 flickers;
•	 voltage imbalance.

Due to these requirements, the results of the power quality measurements are 
analysed and compared before and after the connection of the power plant to the 
distribution network.

8.2.2.1 Analysis of the power quality measurement results

During the last 10 years (from 2008), the power quality measurements, during the 
integration of 9 biogas (BPP) and 7 photovoltaic power plants (PPP) in the dis-
tribution grid in Slavonija, were performed by the Laboratory of Electromagnetic 
Compatibility, Faculty of Electrical Engineering, Computer Science and Information 
Technology Osijek (Klaić & Primorac, 2017; Klaić, Primorac, Topić & Knežević, 
2018; Klaić, Šljivac, Primorac, Topić & Stojkov, 2018). The measurements lasting for 
7 days were performed first before and then after the connection of each of the power 
plants. All measurement results showed that the power quality indices were in accord-
ance with the European norm EN 50160 and Croatian Grid Code. To illustrate, 
Table 8.2 shows the summarized results of the measurement at 300 kW PPP Drenje. 
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Table 8.2. Results of the power quality measurement – biogas power plants.

Pow
er Plant

N
om

inal Pow
er [kW

]

Voltage Fluctuation

Events

H
arm

onics

Flickers

Im
balance

Frequency

BIO1 1000 + + + +
BIO2 1000 - -
BIO3 300 + - -
BIO4 1400 + + -
BIO5 1700 - + + +
BIO6 1000 + + + +
BIO7 1000
BIO8 1000 + + + +
BIO9 1000 + - -

Source: Own contribution

Tables 8.2 and 8.3 show the summarized measurement results for every power 
plant, and for each power quality index, namely voltage variations, voltage events, 
harmonics, flickers, voltage imbalance and line frequency. In the tables, mark “+” 
means that the index has been improved after connecting the power plant and mark 
“-” means that the index deteriorated after connecting the power plant. A cell without 
a mark means that a certain power quality index was very similar before and after the 
connection of the power plant.
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Table 8.3. Results of the power quality measurement – photovoltaic power plants.

Pow
er Plant

N
om

inal Pow
er [kW

]

Voltage Fluctuation

Events

H
arm

onics

Flickers

Im
balance

Frequency

PV1 30 -
PV 2 10 + + + +
PV 3 200 -
PV 4 10 + +
PV 5 30 -
PV 6 30 +
PV 7 300 -

Source: Own contribution

Table 8.2 shows that the particular worsening occurred in 5 power plants, namely 
voltage variations worsened in BIO5, voltage events in BIO2, harmonics in BIO3, 
imbalance in BIO9 and flickers in BIO2, BIO3, BIO4, and BIO9. Table 2 shows that 
the worsening occurred in 4 power plants, namely index voltage variations worsened 
in PV5 and flickers in PV1, PV3 and PV7.

Thus, from the power quality indices, the flickers stand out. A more detailed 
analysis of the measurements has shown that the biogas power plants mostly cause 
recorded flickers, but the contributions are not large and are within the limits of EN 
50160 and the Croatian Grid Code. In comparison, the photovoltaic power plants 
cause only a smaller part of the recorded flickers. This can be seen in Figure 8.13 
demonstrating the short-term flickers and maximum current values from 300 kW 
PPP Drenje. In the first half of the measurement week, the flickers were recorded 
during the night when the power plant was not in operation (green ellipses), and in 
the second half of the measurement week, there were two cases when the power plant 
production caused flickers (red ellipses).
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Figure 8.12. Summarized results of the power quality measurement at 300 kW  
photovoltaic power plant Drenje. 

Source: Own contribution

Figure 8.13. Short-term flickers and maximum current values – 300 kW PPP Drenje. 
Source: Own contribution

The main conclusion is that all the power plants included in the measurements 
had allowed contributions according to EN 50160 and the Croatian Grid Code. 
Problems may possibly be expected during future connections if new power plants are 
connected to the same connection points as the already existing distributed sources.
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9 Examples of good practice

Denis Pelin, Matej Žnidarec, Dario Došen 

9.1 Laboratory for Renewable Energy Sources

The Laboratory for Renewable Energy Sources was established and equipped in 2014 
within the Photovoltaic Systems as Actuators of Regional Development (REGPHO-
SYS) project funded by IPA cross-border Croatia-Hungary program. The Laboratory 
consists of the indoor (Figure 9.1) and outdoor part (Figure 8.2), which is located 
right next to the indoor part. The indoor part of the Laboratory contains a part of the 
system used for measuring, processing and storing data acquired from the photovol-
taic technologies and equipment used for teaching classes at the Faculty of Electrical 
Engineering, Computer Science and Information Technology Osijek.

Figure 9.1. Indoor part of the Laboratory for Renewable Energy Sources. 
Source: Photo by the authors
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Figure 9.2. Outdoor part of the Laboratory for Renewable Energy Sources. 
Source: Photo by the authors

9.1.1 Data acquisition system of 5 photovoltaic modules made of 
different technologies

The system for measuring, processing and storing data acquired from the photovoltaic 
technologies started operating in 2017. The system measures electrical parameters 
acquired from the photovoltaic technologies and meteorological parameters on the 
test site.

The system for measuring, processing and storing data consists of three individual 
subsystems as follows:
1.	 data acquisition system of 5 photovoltaic modules made of different technologies;
2.	 data acquisition system of 10 kWp photovoltaic system ETFOS1;
3.	 data acquisition of meteorological parameters on the test site.

9.1.1.1 Data acquisition system of 5 photovoltaic modules made of different 
technologies

The photovoltaic technologies and corresponding modules which the measurements 
are performed are on as follows:
1.	 Monocrystalline silicon (Bisol BMO 250);
2.	 Polycrystalline silicon (Bisol BMU 250);
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3.	 Amorphous silicon (Masdar MPV100-S);
4.	 Copper-indium selenide – CIS (Solar Frontier SF150-S);
5.	 Heterojunction with intrinsic layer – HIT (Panasonic VBHN240SE10).

The photovoltaic modules are connected to the alternating current distribution 
network over single-phase grid-tie micro-inverters with an integrated maximum power 
point tracker (Figure 9.3) and represent micro photovoltaic systems. The measurement 
system is connected to the DC side of the inverter which measures output current, 
voltage and cell temperature of a photovoltaic module every second with various types 
of sensors. The sensors are connected to ATmega 328p microcontroller, which primarily 
processes and then send data to the main computer. Data is then stored on the main 
computer being ready for further processing. Figure 9.4 shows a block diagram of the 
data acquisition system of 5 photovoltaic modules made of different technologies.

Figure 9.3. Single-phase grid-tie inverter of photovoltaic modules. 
Source: Photo by the authors

Figure 9.4. Block diagram of the data acquisition system of 5 photovoltaic modules  
made of different technologies. 

Source: Own contribution
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9.1.1.2 Data acquisition system of 10 kWp photovoltaic system ETFOS1

The photovoltaic system ETFOS1 with the installed capacity of 10 kWp consists of 2 
photovoltaic strings. The first photovoltaic string consists of 20 series-connected pho-
tovoltaic modules made of monocrystalline silicon (Bisol BMO 250) while the second 
one consists of 20 series-connected photovoltaic modules made of polycrystalline 
silicon (Bisol BMU 250). The photovoltaic strings are connected to the three-phase 
grid-tie inverter over two inputs equipped with the maximum power point tracker. 
The inverter (Kaco Powador 12.0 TL3), illustrated in figure 8.5, is connected to the 
distribution network. The measurements of electrical parameters are performed by 
the inverter itself. The measured values are then sent to the main computer where 
they are processed and stored. The inverter measures DC output currents and volt-
ages of the photovoltaic strings, AC output phase currents and phase voltages every 
15 seconds.

Figure 9.5. Inverter KacoPowador 12.0 TL3. 
Source: Photo by the authors

9.1.1.3 Data acquisition of meteorological parameters on the test site

The meteorological data is measured by the weather station and pyranometer (Fig-
ure 9.6) placed on the Faculty building roof where the photovoltaic technologies 
are located. The weather station measures ambient temperature, air humidity, wind 
speed, wind direction and air pressure every minute while the pyranometer (Kipp & 
Zonnen SMP3) measures solar irradiance every second. The measured data is sent to 
the main computer where they are processed and stored.
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Figure 9.6. Weather station and pyranometer placed on the Faculty building roof.

The measured data is stored and processed on a local computer. Upon processing 
data, it is sent into a cloud storage and simultaneously displayed on the laboratory 
Faculty website. On the web platform, the data is additionally processed into dia-
grams. Figure 9.7 shows a schematic preview of the connected power plant and its 
energy production in real-time.

Figure 9.7. Schematic preview of the power plant (reslab.ferit.hr) with the real-time measurement. 
Source: own contribution
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Data processing is a process of checking the acquired data from sensors in a pre-
dicted set of values. The predicted set of values eliminates false or deviated sensor data. 
Data processing also calculates current/average module efficiency values and current/
summary produced electrical energy. Additionally, it calculates the efficiency of the 
photovoltaic power plant inverter ETFOS1. The integrated algorithm of ATmega 
328p microcontroller processes the data in 30 intervals per second and outputs an 
average value every second. Measured values like solar radiation, weather data and a 
moment of measurement (night, day, season) are additionally processes on the local 
computer attached to the microprocessor.

Both the microcontroller and the computer algorithm constantly monitor the time 
and expected values of the measured data and in case of interruption or breakdown 
of data acquisition, a quiet alarm is triggered (messages are sent) to inform about this 
scenario. The alarm is needed for this kind of long-term measurements to free up 
time of the researchers. 

The data processing includes further grouping of data, classifying time periods in 
relation to efficiency of produced electrical energy and other measured parameters. 
From the acquired continuous data (per days), data sets that include a certain type of 
successful periods for electric energy production of the power plant and photovoltaic 
modules respectfully are given.  The data sets also include pre-calculated parametric 
values as ratios of two or more measured values. The raw database is calendar-base 
structured allowing to browse a given day displaying a table of all measured data in a 
row of minutely averaged values. Figure 9.8 shows the calendar and a preview of the 
measured days.  

Figure 9.8. Calendar-based preview of the measured days.

With expectations of a long-term and perennial measurement period, the summa-
rized sets of data are being made to display the behaviour of the photovoltaic power 
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plant (also different modules) in relation to the seasons of the year as well as climate 
changes and effects. Also, it is planned to completely observe the energy flow by 
measuring data consumption of the Faculty building.     

9.1.2 Other equipment used for the classes

The personal computers, used for simulations, using different software tools and 
other electrical equipment used for various experiments are placed in the indoor 
part of the Laboratory. The following equipment is acquired as a part of this 
project. The equipment will be used for simulations and experiments in classes as 
well as conducting scientific research:
•	 programmable electronic DC loads PeakTech 2280 (Figure 9.9);
•	 real-time simulator of electrical networks Typhoon HIL 402 (Figure 9.10);
•	 network analyser a-eberle PQ-Box 200 (Figure 9.11).

Figure 9.9.  Programmable electronic DC loads PeakTech 2280.

Figure 9.10. Real-time simulator of electrical networks Typhoon HIL 402.
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Figure 9.11. Network analyzer a-eberle PQ-Box 200. 
Sources: Photos by the authors

9.2 Didactic equipment for learning about electrical energy 
production from renewable energy sources

For the implementation of one of the RuRES project activities, namely the training, 
the Faculty of Electrical Engineering, Computer Science and Information Technology 
Osijek (FERIT), as a lead beneficiary of the Croatia-Hungary cross-border coopera-
tion program, has purchased valuable equipment for photovoltaic (PV) systems, cells 
and the application of power electronic converters for the connection of renewable 
energy sources (RES) to typical alternating energy loads. That being said, the text 
describes three didactic systems, namely a small scalable PV system, a scaled fuel cell 
system and a cascade of power electronic converters for the supply of low power loads 
from RES. All three systems have the ability to connect to a computer with installed 
software that can use virtual measurement instruments to record the characteristic 
parameters. The PC is further connected to a projector giving a multimedia character 
to these systems. The purchased didactic-multimedia systems represent a small-scale 
RES integration lab and, due to lowered voltage levels below 50V are smart systems 
because handling such systems is safe for the user. Each system is described in detail 
and basic experiments to be conducted through trainings to gain basic knowledge 
on how electrical energy production from the PV system depends on influencing 
parameters as well as how electrical energy production from fuel cells depends on 
their influential parameters are suggested. In addition, some characteristic conditions 
of the operation were recorded. For an electronic energy converter, more precisely 
an inverter, trainings are suggested explaining the energy efficient operation of AC 
motors.
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9.2.1 Small scalable didactic photovoltaic systems 

Electrical energy production from the PV system as RES has steadily been increasing 
(Ahteshamul et al. 2013; REN21). The major reason of the increased electrical energy 
production from RES is the global energy crisis and climate change which conven-
tional sources of fossil fuels are not satisfied any more (Srinivasa et al. 2013; Branids 
& Pelin 2017; Hirschenhofer et al. 1998). As a result of this trend, there is an increas-
ing awareness and interest among RES’s technical staff, especially on PV systems. In 
addition to the theoretical knowledge of converting solar energy into electrical energy 
through the PV system, for the better training of future engineers, a training that 
includes recording PV module/string v-i characteristics when changing influential 
parameters, such as the slope of PV module installation and light intensity, studying 
the connection between the PV modules in strings, setting operation point on the PV 
module/string v-i characteristics for different loads, etc. is also required. However, the 
practical learning labs on PV systems are primarily impractical due to the space to be 
provided for the installation of PV modules as well as the dependence of measurement 
results on external weather conditions. As an alternative, small scalable didactic PV 
systems for practical learning (Fuel Cell Handbook 2004; Kondratyhev et al. 1998) 
are required with their own, artificial sources of light. 

One system for training about the electrical energy production from the PV 
modules, irrespectively of external weather conditions (temperature and intensity of 
solar irradiance) is presented with didactic-multimedia equipment as is illustrated in 
Figure 9.12. The equipment consists of scaled components/devices needed to design 
an island type of the PV system.

Figure 9.12. Scaled, portable, didactic PV system.
Source: Photo by the author
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The scaled FN system consists of:
•	 supply;
•	 interface;
•	 artificial sources of light;
•	 operation board with PV modules, loads and sensors. 

The maximum power that a single PV module can deliver is not only dependent 
on solar irradiance but also on the load. The open and short circuit tests and the oper-
ating states between these two points are defined by the PV module v-i characteristic 
or, when multiple PV modules are connected, by the PV string v-i characteristics. 
Recorded v-i PV module characteristics are indicators for estimating the electrical 
energy production from the PV system. Figure 9.13 shows the v-i characteristic of 
one PV module, which is on the didactic operation board and consists of 6 PV cells, 
while Figure 9.14 shows the way of connecting the operation board with the interface 
for the recording the v-i characteristics of PV modules.

The PV module v-i characteristic is determined with the following parameters:
• ISC – short circuit current;
• UOC – open circuit voltage;
•	 MPP – maximum power point, which is determined with current IMPP and volt-

age UMPP. The maximum power point defines the maximal area under the curve 
which is limited with current IMPP and voltage UMPP;

• PMPP – maximal power.

Figure 9.13. Recorded characteristics v-i characteristic (blue line), instantaneous power (red line) 
and connection to the operation board (right).

Source: Own contribution
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With the didactic equipment procured, the training is carried out concerning the 
dependence of the PV module power output, intensity of the artificial source light 
and influence of the serial connection of the PV module on the parameters of v-i 
characteristics. The recorded v-i characteristics are shown in figure 8.14, with a fixed 
inclination angle of 90°, a light intensity of 1000 W/m2 (left) and 500 W/m2 (right). 
Figure 9.15 shows the v-i characteristics and the v-p characteristics for one PV module 
(left) and the PV string that consists of four modules connected to the series (right).

Figure 9.14. v-i characteristic for E1=1000 W/m2 (left), E2=500 W/m2 (right) on angle 90°. 
Source: Own contribution

Figure 9.15. v-i characteristic (red), p-i characteristic (pink) for one module (left) and for 4 
modules connected in series (right). 

Source: Own contribution

A comparative analysis of the obtained characteristics, depending on the influenc-
ing parameters, involves the design of energy-efficient PV systems.
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9.2.2 Didactic scalable system with fuel cells  

Systems for the efficient use of additional energy forms have been intensively explored 
and developed over the last 20 years. In addition to RES, a fuel cell is one of the 
possible alternatives to electrical energy production and is also considered to be an 
environmentally friendly source of energy. Fuel cells are electrochemical energy 
converters that convert chemical energy directly to the electric and thermal energy 
without moving parts and combustion. According to their principle, fuel cells are 
similar to batteries but unlike them, fuel cells require a constant fuel and oxygen 
supply. Hydrogen, synthetic gas (a mixture of hydrogen and carbon dioxide), natural 
gas or methanol can be fuelled therefrom and the products of their reaction with 
oxygen are water, electricity and heat, whereby the whole process is actually contrary 
to the process of water electrolysis.

 Figure 9.16. Didactic scalable equipment with fuel cells. 
Source: Own contribution

Meanwhile, carbon dioxide has been confirmed as one of the main causes of global 
warming (Kyrill et al., 1998; Barr, 2007). Consequently, great efforts are being made 
to reduce carbon dioxide emissions. In everyday life, we are surrounded by technical 
devices and systems that inevitably emit carbon dioxide, for instance internal com-
bustion engines, plants and factories, etc. Fuel cells can contribute to the reduction of 
carbon dioxide emissions with their good performances. The didactic equipment for 
learning about fuel cell characteristics is shown in Figure 9.16. The experiments which 
are suggested are related to recording i-p and i-v characteristics of fuel cells in the case 
of a single cell and a cell connected in a series in the so-called stack (connecting two 
cells in a series). The left-hand side of Figure 9.17 shows i-v characteristics (red) and 
i-p characteristic (blue) of one fuel cell. The way of connecting the equipment for 
recording i-v characteristics is shown on the right-hand side in Figure 9.17.
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Figure 9.17.  i-v (red) and i-p characteristic (blue) for one fuel cell (left) and connection  
on the operation board (right). 

Source: Own contribution

The recorded characteristics for a single fuel cell and stack are shown in figure 9.18.

Figure 9.18. i-v characteristic (blue) and i-p characteristic (pink) one fuel cell (left) and 
characteristics for 2 fuel cells serial-connected (right). 

Source: Own contribution

The analysis of the fuel cell characteristics contributes to the understanding of the 
fuel cell stack operation. Further, through the application of the didactic equipment, 
the necessary knowledge about the design of the fuel cell system is obtained.

Stationary fuel cell stacks are used as the main or emergency-standby sources 
of electrical and thermal energy of residential blocks and are also used as energy 
sources in areas where no grid is being built, such as spacecraft, hydrometeorological 
stations, rural settlements and specific military applications. The fuel cell and, more 



Renewable energy sources and energy efficiency for rur al areas

126

specifically, vehicle applications are being explored. Although there is no commercial 
model yet, more than 20 prototype hybrid vehicles, which use a combination of a 
classic engine with internal combustion and fuel cells as a drive mechanism as well as 
a power supply system, have been built since 2009. The limiting factor in car appli-
cations is the lack of hydrogen storage infrastructure. Hybrid cars showed 40-60% 
higher energy efficiency in the tests than internal combustion engine cars (Fuhs, 
2008). As concepts of a power supply of small power electronics, so-called hydrogen 
batteries, small water tanks powered by portable electronic devices, laptops, mobile 
phones, small multimedia devices.

9.2.3 Power electronic converters for the connection of PV systems and 
fuel cell systems with AC loads

Inverters like power electronic converters are used for connecting DC and AC electri-
cal systems. RESs, which are realized with devices such as PV modules and fuel cells, 
are acting as DC sources according to their voltage-current characteristics. Alternat-
ing systems in this connection are considered to be loads. Loads with larger power 
(> 2 kW) are normally designed in a three phase connection, and today, in all major 
industrial applications, asynchronous and synchronous electric machines dominate. 
For an energy efficient AC machine operation, the inverter should power the electric 
machine with the highest quality of voltage in terms of a harmonic content. The 
supplied voltage is determined by the states of the inverter switching components. 
The tendency is to control the inverter switching components in such a way that 
the significant harmonic of the voltage in the entire frequency range of the control 
is to be moved away as far as possible from the basic harmonic of the voltage, which 
is achieved by applying a pulse width modulation. The symbol for a three-phase 
inverter is shown in figure 9.19.

Figure 9.19. The symbol for a three-phase inverter. 
Source: Own contribution

The purchased didactic equipment, along with the way of connecting power 
electronic converters with a low power motor, is shown in Figure 9.20. The didactic 
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equipment consists of a total of 3 electronic cards, namely DC card (rectifier), AC 
card (inverter) and AC three-phase load. The three-phase rectifier here serves as a DC 
power source and replaces RES such as FN modules and/or fuel cells.

 Figure 9.20. Way of connecting the didactic equipment subsystems. 
Source: Own contribution

Figure 9.21. Phase voltage (blue) and current (green) waveforms for SPWM and switching 
frequency; fs=977Hz (left) and fs=7810Hz (right). 

Source: Own contribution

With the acquired didactic equipment, experiments are proposed to record char-
acteristic waveforms of current and voltage, i.e. waveforms of phase unfiltered and 
phase-filtered voltages as well as waveforms of one-phase current obtained at two 
different switching frequencies of a control drive and with different modulation tech-
niques for control of MOSFETs inverter as given in Figure 9.21. The most commonly 
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applied modulation technique, regarding the simplicity of control circuits design, is 
the Sine Pulse Width Modulation (SPWM). It is also recommended to carry out a 
harmonic analysis of the phase voltage as well as phase current as provided in figure 
9.22. Performing a harmonic analysis is software embedded in the equipment through 
a virtual wave analyser and is very useful because the wave analyser is a measurement 
equipment that is very sensitive to work in terms of the need for selecting parameters 
for a periodic window to conduct a fast Fourier transformation based on a harmonic 
analysis. 

Figure 9.22. Harmonic analysis of phase voltage (left) and phase current (right) for SPWM and 
switching frequency; fs=977Hz. 

Source: Own contribution

Knowing the harmonic content of phase currents and load phase voltage by using 
different modulation techniques as well as selected switching frequencies enables 
users to carry out experiments in such a way to acquire the basic knowledge in the 
field of energy efficient control of AC machines as well as supply AC loads form RES 
such as PV modules and fuel cells.
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10 Assessing the impacts of potential 
investments in renewables  

and energy efficiency 

Viktor Varjú, Péter Póla, Danijel Topić, Réka Horeczki

This chapter is aiming to provide an overview about the impact that should be taken 
into consideration while policy makers or decision-makers are planning to increase 
the share of renewable energy use and energy efficiency. In this chapter – besides the 
new analysis – we are revisiting and evaluating the work that has been done in Pelin 
et al. (eds. 2014).

What we are aiming here is not a method or a tool to assess the potential impact 
of renewable energy use and energy efficiency but to give the reader a framework to 
further thinking what can be important in a rural, sometimes depressed area.

10.1 Theoretical frame for a sustainability assessment

As Gibson (2013) pointed out, the reason of sustainability assessment is quite 
obvious: what we are doing on Earth is wrecking the place (Gibson, 2013:3). Cer-
tainly, a sustainable assessment should not only take into consideration the negative 
effect but has to take on board the positive ones as well.

In his work, Gibson (2013) defined eight requirements for progress towards 
sustainability (Table 10.1) that can be a theoretical framework for sustainability 
assessment.

Table 10.1: Eight requirements for progress towards sustainability

Requirement Description
Socio-ecological system integrity Build human-ecological relations that establish and 

maintain the long-term integrity of socio-biophysical 
systems and protect the irreplaceable life support 
functions upon which human as well as ecological 
wellbeing depends.

Livelihood sufficiency and opportunity Ensure that everyone and every community has 
enough for a decent life and opportunities to seek 
improvements in ways that do not compromise future 
generations’ possibilities for sufficiency and opportu-
nity
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Intragenerational equity Ensure that sufficiency and effective choices for all 
are pursued in ways that reduce dangerous gaps in 
sufficiency and opportunity (and health, security, 
social recognition, political influence, etc.) between 
the rich and the poor.

Intergenerational equity Favour present options and actions that are most likely 
to preserve or enhance the opportunities and capabili-
ties of future generations to live sustainably.

Resource maintenance and efficiency Provide a larger base for ensuring sustainable liveli-
hoods for all while reducing threats to the long-term 
integrity of socio-ecological systems by reducing 
extractive damage, avoiding waste and cutting overall 
material and energy use per unit of benefit.

Socio-ecological civility and democratic 
governance

Build the capacity, motivation and habitual inclination 
of individuals, communities and other collective deci-
sion-making bodies to apply sustainability principles 
through more open and better informed deliberations, 
greater attention to fostering reciprocal awareness 
and collective responsibility, and more integrated use 
of administrative, market, customary, collective and 
personal decision-making practices.

Precaution and adaptation Respect uncertainty, avoid even poorly understood 
risks of serious or irreversible damage to the foun-
dations for sustainability, plan to learn, design for 
surprise and manage for adaption.

Immediate and long-term integration Attempt to meet requirements for sustainability 
together as a set of interdependent parts, seeking 
mutually supportive benefits.

Source: Gibson et al. 2005: ch.5 in Gibson 2013: p.8.

In his cited work – besides referring (in its second requirement) to the classic 
sustainability definition provided by the Brundtland Committee (WCED 1987) – 
Gibson (2013) is focusing on the society (or sometimes socio-ecological system) as a 
core element of his theory. Taking into consideration the above mentioned framework 
in the forthcoming part we use the classical 3E (Equity, Economy, Environment) 
classification to take into consideration the different elements of the above mentioned 
principles of sustainability.

10.2 Social impacts

If social impacts of development projects are ignored (including positive and negative 
effects of a RES investment) the economic advantages often accrue only to a limited 
group of stakeholders leaving the wider impacts to be resolved by others (Balkau et 
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al. 2017). Therefore, when considering the impacts of renewable energy utilization, 
it becomes inevitable to also pay substantive attention to the assessment of its wider 
social impacts, even if it is positive or negative. More particularly, it is essential to 
examine investments in renewable or solar energy, to assess how their communication 
affects a given social group and in what ways such communication affects renewable/
solar energy-related decisions made by that given group. (Social framework conditions 
for solar energy investments have been delineated in an earlier piece of work entitled 
“Napenergia és környezet” (Varjú (ed.) 2014”), i.e., Solar Energy and Environment.)

Transitioning to a low carbon energy system will require action at multiple levels 
(Britton 2018). As has been formulated by Csizmadia (2008), “The existence, lack, 
number, composition, applicability and value of social relationships exert a funda-
mental influence on the every-day life of an individual or that of a community” 
(Csizmadia 2008, p.27), by which these factors have important implications for the 
spread of environmentally conscious patterns including also the advance of renewable/
solar energy investments (in addition to the economic and other framework condi-
tions (Varjú (ed.) 2014). Consequently, where there are intense social relationships 
(e.g. typically the interaction between small groups or between small communities), 
solar energy investments by individual actors more significantly affect other actors’ 
decisions.

Britton (2018) argued that the importance of municipalities in the energy sector 
may in fact be increasing rather than waning (Britton 2018: p.378). In the RURES 
project we explored motivations in our empirical investigations into the relation-
ship among municipalities, local governments. Here what we would like to know is 
how individual organizations influence each other through the dissemination and 
exchange of their good practices. The main trait of the aforementioned relationships 
is its ad hoc nature. In case any news comes into the possession of local governments, 
they may decide to make inquiries about it, local governments in charge of implemen-
tation provide information but here active/relationship networking effects, which are 
present in the above referred business sphere, cannot be identified.

Local governments have a relatively significant effect on inhabitants. The 
development of a settlement is highly dependent on the personal competence of deci-
sion-makers, settlement leaders or on the interest-based network of local actors. “In 
relatively large settlements, there is always a complex organizational base present in 
the background of personal dominant influence.” “The smaller a village is, the more 
dependent its success is on a given local government, on the capabilities of the mayor 
and his/her ambitions.” “The lower the level of development, the more decisive the 
role of the individual is.” (Varjú, 2014). 

We thought the rural dwellers – or who work there or who have daily interaction 
– are able to speak about the main problems and the development possibilities of the 
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villages. The important local player (i.e. mayor) can determine the organization of 
rural population/rural society, whose attitude, qualification, decision and aspiration 
can influence the dweller’s opinion (Ragadics 2010). For small villages the role and 
responsibility of the decision-makers is really important. The main characteristics 
of the rural society – especially in Baranya county – are the pessimism, the lack 
of motivation, the feeling of vulnerability and the self-care skills degradation (Bog-
nár-Csizmady 2005). The population of the villages voted for the mayor, so we think 
s/he/ has the main local prestige, legitimacy. 

One of the examples of a good practice where a local government took initiative 
about investments in renewable energy sources is Güssing town in Austria. According 
to (Tajmel, 2018) the district of Güssing was the poorest district in Austria with the 
following problems: small structured agriculture, bad traffic infrastructure, 45 years 
alongside the iron curtain, no industry, high rate of unemployment, 70% commuters 
and high rate of migration. To solve these problems, the following strategies were 
adapted: measures for increase of energy efficiency, energy generation from local 
renewable energy sources (biomass, solar energy), foundation of Europäisches Zen-
trum für Erneuerbare Energie Güssing (EEE – European Centre for Renewable Energy 
Gussing) and foundation of Centre of technology. The main idea of the previously 
mentioned strategies is a decentralized local energy production with the existing 
renewable resources of a region. ‘’The goal is to get independent from fossil energy in 
order to strengthen the regional added value! This strategy can be adapted individually 
wherever resources are available’’ (Tajmel, 2018).

Since 1990 they started with the measures for increase of energy efficiency and 
beginning with production of heat out of biomass. From 2001 generation of the elec-
tricity from biomass and solar energy has been started. Beginning of the research 
and projects and foundation of new research institute started in 2008. Another good 
example is a district heating system of Güssing which started in 1996 and continu-
ously develops heating grid (more than 35 km). Local inhabitants supply this system 
with their own biomass and part of the heating bill can be paid in biomass.

According to (Tajmel, 2018), in 2010 in Güssing total demand for the heating 
energy was 60 GWh, for electricity 50.2 GWh and for fuels 29 GWh, respectively. 
Total production in 2011 from local based renewable energy sources (4 biomass-dis-
trict heating plants & 3 CHPs) was 72 GWh of heating energy which is 120 % of 
total demand in 2010. Production of electricity from local based renewable energy 
sources (3 CHPs and PV systems) was 100 GWh which is 200 % of total demand in 
2010. In addition, in 2011 8.4 GWh of synthetic natural gas was produced which was 
29 % of the total demand for fuels in 2010.

Summing up the above mentioned and using Pálvölgyi and colleagues’ (2014) 
work, going through the set of criteria established by them (Pálvölgyi et al. 2014 
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p.191), based on our previous experience of and research into photovoltaic energy, we 
can assess the social impacts as follows:  

Table: 10.2. Potential effects of PV use on the society

Designation of social indicator Expected effect

Human health Minimal effects (see detailed in life-cycle analysis)

Quality of life Due to the sense of independence for the supply system, no 
or minimal effect

Education, qualification, knowledge Positive effect, involvement of students into research tasks 
for the purpose of disseminating results

Public awareness, approach, 
presenting good examples

Positive

Mitigation of social disparities Negative impact: Access to PV systems is possible mainly for 
wealthy people and savings resulting from the use of such 
systems also contribute to their cost-benefits, thus creating 
possibility for a further increase in social disparities

Enhancement of co-operation 
between social actors, strengthening 
cohesion

Positive impact: see e.g. outputs of current IPA

Prevention of migration (job 
creation)

Exerting no impact: job-creation effect of PV systems does 
not appear in a given region (see detailed in the chapter 
about regional impacts)

Energy poverty alleviation Positive impact: renewable energy not exploited as yet 
becomes incorporated in the energy system

Source: Own edition based on indicators by Pálvölgyi et.al. (2014)

As in Pálvölgyi and colleagues’ work can be seen, renewable energy has a posi-
tive effect on quality of life. Bailis (2011) further argued that energy plays a role in 
facilitating individual and collective well-being. The simple argumentation is that 
particular forms of energy are required for economic activity, and that such activity 
contributes to wealth (Bailis 2011). Continuing this perspective, those tools that can 
be used independently, especially making energy from renewable (and easily available) 
resources can especially help in poor rural areas. Such a tool can be a mobile phone 
charger using PV cells to create energy for charging (Figure 10.1).
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Figure 10.1. Mobile phone charger with PV cells – promotional material for the project 
Source: Photo made by the authors

The EU wants to promote the Smart Village scheme to provide resources for local-
ities that do not have access, or have limited access, to infrastructure support.

The Smart Village programme aims to improve the quality of life of out-of-town 
settlements, mainly in the areas of the economy, education, energy management, dig-
itization, mobility and health care, by promoting a high tech and social environment.

It is true that the smart village concept and practical examples have only one 
element in intensifying the use of renewable energy sources and turning to smart 
solutions in order to increase energy efficiency, but in the smart village programme 
the smart energy solutions take the biggest element. We think that the smart village 
programme’s solutions can be very interesting for the RuRES project too, some useful 
solutions can be applicable, adaptable in the RuRES area.

The main question of energy management in the future is the way how we get 
to sustainability. There are two ways. Traditional solutions (low tech) and high tech 
approaches. There are several examples that show us that the technological solutions 
in themselves are not always useful, as they cannot be ignored by the human factor 
as well. See for example, the “Jevons paradox”: the use of technical solutions does not 
occur with the expected degree of environmental impact reduction.
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The concept of the smart village can be successful only if that the attitudes, and 
knowledge of the society develops considerably. This requires different programmes 
like RuRES.

10.3 Environmental impacts

The design of a power plant – regardless whether its resource is renewable or not – 
requires special emphasis to be placed on specific factors, such as the selection of the 
appropriate land used for the construction, the assessment of environmental impacts, 
e.g. landscape effects, visibility in terms of the local landscape and natural heritage, 
furthermore it becomes necessary to ensure that the local community can formulate 
its views on the installation of the intended power plant (Hartung 2014).

For property protection purposes a fence is installed around the boundary of the 
plot of land, which also has an impact on the environment, consequently attention 
should be paid to the height and tightness of the fence. Application of bright colours 
is unfeasible. In the connection to the network it is reasonable to take into account the 
visibility of high-voltage power lines and that of high-voltage poles (Hartung 2014).

In fact, there is evidence that the growth rate of atmospheric carbon dioxide is 
equal to the growth rate related to the burning and use of fossil fuels, which has 
reached high levels ever since industrialization. Due to the large-scale rainforest 
deforestation started in 1970, atmospheric carbon dioxide concentration continues 
to rise to a great extent (Canadell et al., 2007, Le Quéré et al., 2009). In the use of 
renewable energy, minimal or no carbon dioxide emissions can be expected. The 
widespread use of these technologies may mitigate escalation tendencies in carbon 
emissions (Hartung 2014).

10.4 Economic impact

No matter whether they supply households and/or business undertakings with energy 
complementary in nature or, by being in possession of business firms, they produce 
energy for sale, renewable energy systems (RES) are seen as important local energy 
sources and as such they can exert positive impact on the development of a specific 
region. Deployment of such systems and/or RES investments can take place in urban 
regions alongside motorways and in underdeveloped, peripheral rural regions.

Although the commissioning of such systems also in urban regions (and in devel-
oped rural regions or in areas having the potential to develop) can be justified, in 
certain aspects, innovative developments in economically backward rural areas have 
relatively higher marginal utility. In resource-deficient rural regions, any (sustainable) 
developments, with special regard to investments of innovative nature, are of utmost 
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significance, even though their job-creation capabilities are negligible. On the basis 
of urbanity and rurality, no difference can be revealed with regard to the currently 
available amounts of alternative energy including that of solar energy. Rural develop-
ment must focus on the development of self-sufficiency in rural regions, an essential 
component of which is to accentuate the role of alternative energy production. There 
is a strong correlation between rural development and decentralized energy produc-
tion. Decentralized energy production implies the use of local raw materials, local 
labour force and local investments and according to many, building a (green) country 
starts with villages.

In terms of energy utilization efficiency, the worst situation is to be found par-
ticularly in rural regions. It is an issue of great importance to supersede the approach 
to thinking solely in the context of large-scale supply systems. Instead, it is essential 
to create balance between small-scale power plants and large-scale supply systems. 
One aspect of the above balance is represented by the commissioning of RES, i.e. 
the emergence of local power stations in rural areas. Energy rationalization, while 
safeguarding environmental sustainability, also ensures sustainable economic devel-
opment, therefore RES can certainly be regarded as developments congruent with 
community interests.

An outstandingly important aspect to be taken into account in relation with rural 
developments is to ensure that the deployment of RES should not result in land-use 
restrictions. In this context, a favourable situation is created by the fact that photovol-
taic energy production can be combined with several other production methods (soil 
strength reinforcement, recultivation, pasturing, apiculture, viticulture, horticulture, 
etc.). The demand for land brought into use by investments may as well reach high 
levels but owing to the aforementioned particularity, such high demand does not pose 
any barriers to investments and in view of the rapid pace of innovations, the future is 
likely to see a significant decrease in specific land-use demand. It may be important to 
place special emphasis on the conscious design of RES sites where secondary land-use 
is also taken into account.

A solar RES established in a region is likely to offer opportunities to local busi-
nesses: an innovative environment may promote developments, ideally, synergy 
effects and positive externalities occur, entrepreneurial mindsets and entrepreneurial 
culture may develop in the neighbourhood of a successful and innovative business 
undertaking, and by all this, it indirectly creates potential for labour market recovery.

In parallel with opportunities, there are a number of problems to work on. Eco-
nomic sustainability of local governments seems to be unstable, while at the same time 
settlements pay particular attention to local economic development (Mezei, 2008). 
Elements of sustainability do not carry equal weight in the task-orientation concepts of 
local governments. In the context of regional development, energy production-related 
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projects may typically become successful if they are viewed as elements constituting 
a part of a well-designed complex system of development and if no short-term high 
returns are expected. In view of the technology-intensity of innovative industries, also 
RES usually require only a low level of labour force participation while at the same 
time both the local governments and the national government’s development policy 
often gives preference to the support produced by major employers.

The spread of renewable energy sources, including also the expansion of RES, 
depends predominantly on the changes in the pattern of fossil fuel energy markets, 
therefore, the success of a RES site and its impact on a region pose serious external 
risks in the short to medium-term.

Another issue of concern is that members of local communities do not seem to be 
ready for the adaption of alternative and innovative solutions, thus, not only the shap-
ing of public perception of RES but also the development of assistance schemes may 
become necessary. After the use of energy generated by RES has become common 
among local governments, entrepreneurs and local residents, at the time of construc-
tions, business undertakings engaged in the execution of the relevant work processes 
will see a temporary upswing. Another problem is that the aforementioned businesses 
are not necessarily (typically not) local undertakings either.
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11 Conclusion

Danijel Topić

RuRES project is a product of continuation of the cooperation among the project 
partners. First joint cooperation among three project partners started in 2010 within 
the project UNIREG-IMPULSE which was co-financed in frame of Hungary-Cro-
atia IPA Cross-border Programme 2007 – 2013. Cooperation between FERIT and 
MTA KRTK was continued through the REGPHOSYS project financed within the 
Hungary-Croatia IPA II Cross-border Programme 2007–2013 which has general 
objective to develop optimal photovoltaic system configuration for climate condi-
tions of cross-border region and investigation of influence of photovoltaic systems on 
power system, economy and environment. 

There are three overall objectives of the project: development of a typical renewable 
energy system for energy supply in rural areas; set of recommendations for improve-
ment of energy efficiency and waste management in the rural area and investigation 
of economic, social and environmental impacts of renewable energy source and energy 
efficiency in the rural area of the cross-border region. A short-term perspective is 
dissemination of information about renewable energy sources, energy efficiency and 
waste management in rural areas of the cross-border region. A long-term perspective 
is an increase in renewable energy sources usage, improvement of energy efficiency, 
improvement of sustainable waste management and reduction of fossil fuels usage, 
CO2 emissions and energy cost. Specific objectives are expansion of cross-border 
innovation and a research network, development of typical renewable energy systems 
for energy supply in rural areas for specific conditions and co-operation between 
institutions involved in the project.

RuRES project officially started on September 1st 2017, while practically started 
on September 20th 2017 with the kick-off meeting which was held in Pecs. On project 
meeting plans and responsibilities among the partners are defined in order to suc-
cessfully implement the project. First activity in project realization was study visit to 
the Gussing (Austria). Gussing is community which own energy needs covers from 
locally available renewable energy sources. Goal of study visit was to see examples of 
good practice I usage of locally available renewable energy sources and gain experience 
which will be used for cross-border area of Croatia and Hungary. Beside the study 
visit to Gussing, part of RuRES project memebrs was in study visit to Koprivnica 
where they saw examples of good practice in the field of energy efficiency.
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During the whole period of the project, project team members regularly held 
project meetings.  On project meetings achieved results were presented and plans 
for realization of future project activities were defined. During the project period 
totally six project meetings were held. Each project partner had organized two project 
meeting. Through the RuRES project, team members collected relevant literature in 
the field of renewable energy sources and energy efficiency. Data about potential of 
renewable energy sources in cross-border area of Croatia and Hungary were collected.  

Through the RuRES project, FERIT purchased valuable research and demon-
stration equipment which was used for research purposes of the project but it will be 
used and in the future scientific researches. This equipment was used for research on 
which results scientific papers were written. Equipment was used for workshops and 
trainings organized in the frame of project as well.  

During the project period three workshops were organized. Through the work-
shops basic characteristics of renewable energy sources and energy efficiency and 
examples of good practice to local stakeholders were presented. Each project partner 
has organized one workshop. In addition, each partner organized one two-day long 
training for local stakeholders about renewable energy sources and energy efficiency 
in the function of rural development. Workshop and training participants gained 
new knowledge about renewable energy sources and increased their own competences 
in the field of renewable energy sources and energy efficiency. Examples of good 
practice in usage of renewable energy sources and application of energy efficiency to 
participants are presented.

Based on research conducted within the project scientific papers which were 
published on international scientific conferences and in international journals are 
written. In purpose of project dissemination purposes and promotion of renewable 
energy sources usage lectures and round tables were organized. At the 9th Interna-
tional Natural Gas, Heat and Water Conference (PLIN2018) held in Osijek round 
table titled Renewable energy sources and energy efficiency in the function of rural 
development was organized. On the round table project RuRES and research results 
to conference participants were presented. At the international conference Smart 
Systems and Technologies 2018 (SST2018) held in Osijek round table titled Smart 
Energy in Rural Areas was organized. Through the round table Smart Energy in 
Rural Areas project RuRES to the conference participants was presented. Members 
of project teams participated and presented papers at the following international con-
ferences: Socio-economic, environmental and regional aspects of a circular economy 
conference held in Pecs, 9th International Natural Gas, Heat and Water Conference 
(PLIN2018) held in Osijek, Smart Systems and Technologies 2018 (SST2018) held 
in Osijek and 11th Mediterranean Conference on Power Generation, Transmission, 
Distribution and Energy Conversion (MEDPOWER2018) held in Cavtat; Annual 
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Conference of the Hungarian Regional Science Association - Flows in spatial econ-
omy held in Kecskemét, 2018.

As a one of the main outputs of the project is this three-language book which sum-
marize main project results. In the Introduction project background and main goals 
and challenges were described. In second chapter geographic description of research 
cross-border area was presented. Third chapter describes results of conducted survey 
and research among local people in rural areas of cross-border region about attitude 
and acceptability of renewable energy sources and energy efficiency. Investigation on 
influence of renewable energy sources on multi-functional rural economies and rural 
development strategies was described in fourth chapter. Potential of renewable energy 
sources in cross-border are and model which helps local stakeholders in decision on 
investments in renewable energy sources for power and heat generation was presented 
in chapter five. Detailed description of technologies for utilization renewable energy 
sources for power and heat generation was presented in sixth chapter. Set of rec-
ommendation for improvement of energy efficiency in cross-border area in seventh 
chapter are described, while concepts of application of renewable energy sources in 
rural areas in eight chapter are described. In ninth chapter examples of good practice 
are described, in tenth chapter developed is described, while in eleventh chapter results 
of investigation of influence of potential investments in renewable energy sources and 
energy efficiency on rural development are described. 
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