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Abstract - The EU’s “Green Deal” plans a carbon-
free energy mix, neglecting nuclear energy, despite 
high social costs. Photovoltaic and wind power plants 
lack proper solutions for storing the excessive 
electricity. Their EROI is still lower compared to that 
of conventional sources.  

A complementary pair of combined cycle gas 
turbines (CCGT) and photovoltaics is a good solution 
for regular electricity supplies for households at 
affordable prices. Such a model is based on 
consumption data in Ruse (Bulgaria), delivered by 
Nicola Mihaylov et al. It also includes data, delivered 
by RIS Elektro OOD – a solar park operator.  

Matching consumption fluctuations with production 
fluctuations gives the following: 

A 1 MW CCGT that supplies up to 1,600-1700 
households is combined with a 250 kW photovoltaic 
park. The calculations show that because of the park 
the CCGT should operate with lower EROI and 
"green surcharge" in the consumers’ price.  

The optimal solution for energy deliveries requires a 
better balance between political, technical and 
economic factors. 
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1. Introduction

Ecologism, which has its roots in the 1970s, is a 
response to the search for a new common and 
abstract cause. The suggested danger of "global 
warming" (or "climate change") is a continuation of 
the concerns about human impact on nature first 
uttered in the 1970s. The issue of man-made "global 
warming" was first raised in 1979, but the topic only 
gained momentum after the film “The Inconvenient 
Truth” (2006), starring US politician Al Gore. (The 
“End-of-the-World Forecast Models” are the result of 
a study of the Limits of Growth (1972) with the 
support of the Club of Rome, which linked 
temperature rise to carbon dioxide gases. The 
forecast model used by Mark Carney, Governor of 
the Bank of England, predicts that by 2050 global 
temperatures will rise by 1.5 degrees due to the 
presumed volumes of "greenhouse gas" in the 
atmosphere and require a "transition to a carbon-free 
society". Real data, however, do not support Carney's 
prediction [1]. 

After years of discussions (which are still 
ongoing), the thesis of the danger of "global 
warming" was adopted by the world public opinion, 
incl. at the international political level.  

Following the ratification of the Paris Agreement 
in 2016, the European Union took the lead in the 
fight against "climate change", symbolized by the 
supported at highest political level activist Greta 
Thunberg. This is not surprising. If “initially EU 
integration was an economic vehicle” [2], recently it 
turned to a tool for transforming the union into a 
moral community. 

The ideological basis of European integration 
(“Peace through free trade”), with its inherent 
disregard for irrational attitudes of man recently 
faced a complication: when a high level of material 
consumption is reached (the lower floor of Maslow's 
pyramid), people's motivation requires new stimuli 
other than material ones. A new "European cause" is 
needed, especially as the post-2008 turmoil calls into 
question fundamental tenets of EU ideology. That is 
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why in the last few years this basis has been 
supplemented by an ingredient, called for 
convenience "ecologism" or "environmentalism". 
(More of the nature and the difference between the 
two terms see [3]). The ideological mixture thus 
formed has to become the new basic paradigm for 
social development. 

The ecological ingredient in European integration 
is very suitable for several reasons: 

 

- Psychologically: "Alarmism" in the theory of 
"global warming" is very well received by rich and 
“anxious” societies in France, Belgium and Germany 
(Central, Southern and Eastern Europe are concerned 
about other issues they find more urgent). At the 
same time, the need for joint action for solving global 
problems fits in well with Scandinavian solidarity 
culture, but also with the ambitions of the French 
political elite 2016, (For the cultural peculiarities of 
Western European societies see [4]).  

- Economically: The Union imports 53% of the 
energy consumed (Eurostat, 2020 [5]) that 
objectively worsens its competitiveness on the world 
market. The only significant energy reserve - coal, 
becomes less profitable, and anti-nuclear sentiment 
in several member states is difficult to change. The 
imposed EU Emissions Trading Scheme (ETS), 
which in fact fines European industry for its carbon 
dioxide production, further increases the cost of 
production in the Union. In case of free competition, 
the EU should lose market positions in favor of 
energy-rich countries and those that do not impose 
such self-restrictions, e.g. USA, Russia and Turkey. 
Persuading partners and competitors to abandon 
fossil fuels could also eliminate their competitive 
advantages. Apart from that, the development of 
"green" energy technologies has to enable the EU to 
make a new technological breakthrough and to 
maintain its leading position in the world economy.  

 

Due to these circumstances, after the last European 
elections, the weight of the European Green Party 
(EGP) is growing - an influential progressive union 
of political parties across Europe, supporting the 
"green" policy. Since the 1999 elections, these parties 
have had a permanent presence in the European 
Parliament, but in 2019 the number of their 
representatives reached a record high of 74. Due to 
the decline of most traditional parties, especially the 
Socialists and Social Democrats, the "Greens" are 
gaining positions at the national level too, almost 
corresponding to the said representation in the EP. 

The "green" movement is significant because it 
presents itself as both as "pro-European" (it calls for 
strengthening of Union) and environmental friendly. 
To a large extent, under the pressure of the "Greens", 
requests are made for more environmental 
restrictions, incl. directly affecting energy. 

2. Green Energy and Green Deal – Banning Coal 
 

As mentioned above, the EU has formally accepted 
the fight against “global warming” as its priority and 
is already pursuing an appropriate energy policy. For 
instance the renewable energy directive of 2009 set 
for the individual member states an EU-wide 20% 
renewable energy target till 2020. The use of 
renewable energy sources should allow reducing the 
EU's energy dependence and meeting this target to 
prevent „climate changes“. 

Following this situation Ursula von der Leyen in 
December 2019 offered a “New Green Deal” and 
support for a climate-neutral economy by 2050. 
Currently, the EU aims to reduce greenhouse gases 
by the 40% by 2030 compared to 1990 levels. The 
new proposal raised the target for the next decade to 
50 or 55%. This can be done by further increasing 
prices in the European Emissions Trading System, as 
well as by introducing new energy taxes. 

As it is officially announced, “Climate change and 
environmental degradation are an existential threat 
to Europe and the world. To overcome these 
challenges, Europe needs a new growth strategy that 
will transform the Union into a modern, resource-
efficient and competitive economy” [6]. The same 
document envisages no net emissions of greenhouse 
gases by 2050, while the economic growth is 
decoupled from non-renewable resource use. The 
Green Deal is a means to make the EU's economy 
“sustainable”. Climate and environmental challenges 
should be turned into opportunities, (see above.) 

This change mainly provides for the abandonment 
of coal as a fuel because of the "greenhouse gases" 
emitted during combustion. But this is not an easy 
step. For now, coal is important fuel in power plants. 
Most mines in Western Europe (Germany, Belgium) 
however are already unprofitable (depletion of 
surface reserves, high social costs etc.) and imports 
are required. 

 

 
 

Figure 1. Coal reserves in Europe 
 

Germany, the EU’s largest economy and biggest 
consumer of coal already plans to abandon the coal-
based electricity generation. The issue seems more 
problematic in the CEE-countries, such as Poland, 
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Estonia and Bulgaria, which rely heavily on coal, 
both domestic and/or imported, as shown in Fig.1 
[7]. Energy mix picture in thy region is changing 
slowly - the incomes of the population are below the 
EU average and this makes it difficult to switch to 
more expensive “green” technologies. The transition 
to cleaner technologies encounters additional 
difficulties due to different attitudes towards nuclear 
energy.  

 
3. Lack of Consensus on Nuclear Energy 

 
Nuclear power plants (NPP) generate electricity 

more efficiently compared to coal-fired power plants. 
One ton of natural uranium can produce more than 
40 million kilowatt-hours of electricity. This is 
equivalent to burning 16,000 tons of coal or 80,000 
barrels of oil. While coal and oil combustion are 
considered major source of greenhouse gases, 
nuclear power plants do not contribute to “global 
warming”. But attitudes towards nuclear energy are 
the weakest point in attempts to build a common EU 
energy strategy. They differ strongly from one 
country to another. While the number of nuclear 
reactors worldwide is growing, only in the EU is the 
trend reversed (and in the USA stagnating), due to 
the pressure of the antinuclear lobby, alarming for 
possible nuclear power plant's catastrophes.  

In general, nuclear energy has the weakest support 
in public opinion of the Union (20% approval) 
compared to all other types, except for coal [8], but 
with serious differences in individual member states, 
which are strongly influenced by the short-term 
situation. It depends on the hydrocarbon prices and 
events like the 2010 Fukushima accident. It depends 
also on the amount and structure of national energy 
resources and social situation, together with cultural 
features of the nations. France, for example, has long 
developed nuclear energy to minimize dependence 
on external energy supplies. Nuclear power produces 
up to 75% of the country's electricity, which ranks it 
first in the world. Despite all the fluctuations in the 
political situation, public support for this policy 
remains constantly high. 

Germany, on the other hand, has pursued a policy 
of abandoning nuclear energy since 1998. Following 
the Fukushima accident in 2010, the decision to 
phase out nuclear energy became irreversible. Italy is 
so far the only country that has closed all its nuclear 
power plants and completely abandoned nuclear 
energy. In the rest of the Union the attitude fluctuates 
between complete denial and cautious plans for 
further development of nuclear energy.  

Obviously, consensus seems impossible, and 
precisely on the only energy technology that has both 
great production potential and eliminates major risks 
in fuel supplies, because the EU does not rely on 

uranium supplies from a single or major supplier. In 
the list of suppliers are Russia, Kazakhstan, Canada, 
Niger and Australia [9]. 

Nuclear energy is able to produce the necessary 
energy and to replace to a great extend carbon energy 
sources. However, accumulated prejudices, due to 
cultural differences, prevent the mobilization of 
resources at the community level to build new 
facilities that require large initial investments, as well 
as to seek an acceptable solution for the storage of 
production waste. Attempts to permanently shut 
down existing or decommissioned NPPs continue, 
reducing the chances of achieving both goals at the 
same time: reducing dependence from external 
supplies and minimising damage to nature. (“Do no 
significant harm“, Regulation 2020/852 of the 
European Parliament and of the Council.) 

 
4. Energy Mix as Combination of Different 

Factors 
 

As a result, it is very difficult to draw up a 
successful EU energy strategy together with the 
policy that should serve it. The supremacy of 
political considerations paints the following picture 
of the Union's energy mix for the next 30 years, as 
shown in Fig.2 (European Commission, 2016 [10]): 

 

 
 

Figure 2. EU energy mix, incl. planned change 
 

The mentioned Green deal should cause this 
significant change. These plans neglect the other two 
factors that enable a long-term solution of the 
problem, namely the technological and the economic 
ones. The expected share of RES (photovoltaic and 
wind power plants) of over 50% in total energy 
consumption is questionable, due to their main 
obvious drawback - dependence on natural 
conditions. It is clear that photovoltaic plants cannot 
produce electricity at night, but even during the day 
the amount of solar radiation remains volatile, 
especially in temperate latitudes, where the EU is 
located. The fluctuations are both seasonal and 
diurnal. The problem is similar with wind farms, 
which can use wind power only in a certain range. 
Excluding coastal areas and the Central European 



TEM Journal. Volume 10, Issue 2, Pages 531‐539, ISSN 2217‐8309, DOI: 10.18421/TEM102‐07, May 2021. 

534                                                                                                                       TEM Journal – Volume 10 / Number 2 / 2021. 

Plain with relatively constant winds, in the rest of the 
continent this source of electricity is also unreliable. 

Now there are some technical solution for storing 
the produced electricity - pumped hydroelectric 
power plant (widely used application), compressed 
air and flywheels (rarely used), as well as thermal 
energy storage and batteries. With the exception of 
pumped hydropower, all other methods suffer from 
low efficiency. There is one more problem with the 
batteries, which has not yet been seriously considered 
- the possible shortage of lithium and other metals 
needed for the production. Hope for future 
technological breakthroughs in this regard is 
inevitably limited by physical laws. The widespread 
use of pumped hydroelectric energy is more 
favorable due to the excess of energy produced at 
night by inflexible nuclear power plants, i.e. their 
efficiency is high only as part of a complementary 
pair. Inclusion into a complementary pair initially 
solves the problem of unreliability and low efficiency 
of photovoltaic and wind power plants. But that 
means building and maintaining a backup energy 
system based on traditional sources. 

 
5. Basic Energy Parameters 

 
Energy is the basis of public life; it provides both 

industrial and household consumption. Energy 
supplies have to meet several requirements at once - 
they have to be constant in quantity and quality 
(standard), and the price has to be socially 
acceptable. The various energy sectors in the EU are 
intertwined - transport consumes almost a third of the 
energy in the union, but only a small part of this 
consumption is at the expense of the produced 
electricity. Equally insignificant is the share of 
electricity for heat production. At the same time, 
natural gas can be successfully used both for heat 
production (20% of total gas consumption in 
Germany) and for electricity production. While the 
transport and heat consumption can be practically 
separated from the production of electricity, the 
flexibility of gas as energy source has increased its 
importance in recent years.  

When choosing an energy solution, political, 
technical and economic factors are combined in 
different ways. The leading benchmark should be the 
energy efficiency, but this is never enough. Coal and 
other types of fossil fuel plants are still the main 
producers, but their efficiency is between 33 and 
37%. This leads to much lower endpoints, which 
makes comparison and choice of solution very 
difficult. Combined cycle gas turbine (CCGT) plants 
have an efficiency between 40 and 55%, which 
should keep their place in the total electricity 
production in the EU until 2050. Between 2011 and 
2017 several producers (among them Mitsubishi, 
General Electric and Siemens AG) claimed reaching 

60% and more efficiency using more advanced 
technologies. 

But high efficiency does not necessarily mean cost 
reduction if achieved with expensive technologies. 
Here the technological factors are intervened by the 
economic ones, which offer different solutions. The 
classic steam engine for instance has efficiency 
between 4 and 10%, but the low rate is offset by the 
abundance and low cost of energy (coal) in the 18th 
and 19th centuries. The steam engine formed so the 
basis of the First Industrial Revolution. Abundance 
and low costs of oil prior to the first energy crisis 
(1973) justified even the use of diesel power plants. 

It seems that market pricing provides a more 
accurate guide when choosing an energy solution, 
with efficiency remaining only one of the elements 
included in the efficiency indicator. The common 
indicator EROI (EROI = Energy Delivered / Energy 
Required to Deliver that Energy) solves the problem 
of combining the two groups of factors. The study of 
D. Weißbach et al. gives an idea of the biggest 
problem with alternative energy sources - their low 
energy efficiency, especially of photovoltaics. 

According to their calculations, the EROI of solar 
panels is 4 units, and the EROI of wind turbines is 16 
units. That is, during its life cycle, solar panels will 
generate 4 times more energy than was spent on its 
creation, and wind turbines, respectively, 16 times 
more energy (average for European countries). Under 
normal market conditions and constant production, 
solar panels will pay for themselves in terms of 
energy for more than six years, and wind farms - for 
a year and a half. But energy generation from 
renewable energy sources depends on natural 
conditions - wind, light. They require storage 
systems or power compensators, (see above.) Thus, 
due to the introduction of buffer measures, the total 
EROI of solar panels drops to 1.6 units, and the 
"EROI" of wind farms to 3.9 units. 

Thus, a coal-fired power plant pays for itself with 
energy for 2 months, and a gas-fired one - only in 9-
12 days. However, if energy consumption for coal 
and gas extraction and transportation is added, then 
their energy return will be 10 and 11 months, 
respectively. Hydropower plants pay for energy in 3 
years, and nuclear power plants pay for itself with 
energy in just 2 months [11].  

Wind energy today is the most efficient alternative 
energy source. However, their low energy coefficient 
EROI cannot maintain the current standard of living 
in developed countries, which requires a total EROI 
of all energy sources of 25-30 units. Nuclear power 
plants have EROI from 85 to 105, depending on the 
efficiency of uranium enrichment technology, i.e. if 
the use of RES is necessary at all, then they should 
be used best as part of complementary pairs. The 
simplest suitable combination could the one of 
combined cycle gas turbines (CCGT) with 
photovoltaics. We intend to explore such an example 
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of supplying a small town or residential 
neighbourhood with energy for domestic use in 
Bulgaria.  

 
6. Complementary Pair of CCGT and 

Photovoltaics  
 
Gas turbine systems for cogeneration are modern 

and efficient technology for production of electricity 
and heat. Small gas-turbine generators make it 
possible to build small thermal power plants, both in 
densely populated areas and in sparsely populated 
remote areas. The concept of distributed electricity 
generation as close as possible to the consumer 
allows minimizing transport losses. As noted above, 
such installations have a high electric - from 25 to 
35%, and cogeneration increases efficiency to over 
60%. 

Тhe EROI of CCGT fluctuates between 13 and 19 
units [12]. According to the technical characteristics 
of the basic models of Capstone microturbines, the 
investment is redeemed for an average of 3 years 
(including maintenance and repair costs), and the 
profitability of such a project is around 30% in 
Bulgaria [13] - at a regulated price for households of 
7 eurocents kWh at day rate and 3 eurocents per kWh 
at night rate. Given the desire of the producer to 
present his work in the best light, a cautious increase 
in the payback period of the investment to 4-5 years 
can be allowed, having in mind unforeseen costs. On 
the other hand, the regulated price of electricity in 
Bulgaria is among the lowest in the EU. Doubling 
this level to the average price for the Union raises the 
expected economic indicator. 

A highly effective 1 MW plant for instance can 
cover the energy needs of up to 1200 households in a 
small town or residential area, with a monthly 
consumption between 800 and 900 kWh per 
household (incl. for hot water) during the cold season 
and 400 – 450 kWh during the warm season. The 
data are from invoices № 0296034557/21.01.2021 
and № 0285800140/22.07.2020 to a customer 
number 300044015032, CEZ Electro Bulgaria. 
(Electricity is still widely used in Bulgaria for 
heating.) If the heating of the water is excluded (at 
the expense of the cogeneration from the gas station) 
then the electricity consumption drops by almost 
half. In this case the number of households served 
may increase accordingly. A big advantage of CCGT 
is the ability to work in a constant mode, as well as 
the short technological time in the management of 
the operating mode - on and off, increase and 
decrease of production. CCGT allows great 
flexibility and ability to immediately cover shortages 
in fluctuations of RES production. (It should not be 
overlooked that with abrupt changes in the operating 

mode, the effectiveness of CCGT decreases, but 
within acceptable limits.) 

But the use of natural gas as a fuel is also not 
without problems. First, gas combustion also emits 
greenhouse gases, albeit 50-60% less than coal and 
fuel oil. For extreme environmentalist, this is also too 
much and gas is considered as temporary solution. 
More importantly, while coal-fired power plants have 
stocks for weeks (even months) at full capacity, gas-
fired plants have stocks for hours and are dependent 
on constant external supplies. The EU imports most 
of the required quantities, mainly from suppliers and 
intermediaries that it cannot control - Russia, Turkey, 
etc. Security considerations also intervene here and 
the issue moves to the field of geopolitics - see the 
cases South Stream, Turkish Stream, Nord Stream 1 
and 2. It can be seen from Fig. 2 that gas 
consumption is projected to increase slightly by 
2050. 

The persistent imposition of photovoltaic power 
plants and the optimism with which they are 
commented, presupposes an analysis of this 
possibility as well. It has already been noted above 
that photovoltaic plants are not able to cover the 
whole consumption on their own. Duplicating them 
with CCGT in complementary pairs is a possible 
solution that removes all obstacles. It remains only to 
assess the overall effectiveness of such pairs. 

The extremely low EROI of photovoltaics is 
mentioned above. Technical innovations are being 
developed to increase efficiency and eliminate other 
shortcomings (such as vulnerability to mechanical 
damage). Innovations however require additional 
costs and this affects the economic parameters. 
Supporters of photovoltaics predict the price of 
photocells to fall in the foreseeable future to 
compensate for the low EROI. These predictions are 
uncertain and cannot rely on the simple 
extrapolation. The sharp drop in panel prices ended 
by 2012 and after 10 years the prices dropped slowly, 
as shown in Fig.3 [14]. The above-mentioned 
innovations support this slowdown and it can be 
assumed that the technology is approaching its 
technological ceiling.  
 

 
 

Figure 3. price level of Solar PV 
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Observations on China's power grid conclude that 
in 344 prefectures the price of photovoltaic 
electricity could be equal to that of coal-fired power 
plants without subsidies in the nearest future [15]. 

A European Commission report from 2014 
compares the efficiency of electricity production 
from different sources [16]. The interim report 
presents figures on the cost competitiveness of 
different power generation technologies, excluding 
subsidies. Costs for producing one megawatt hour 
(MWh) of electricity from coal are estimated around 
75 €. Costs for power from nuclear and natural gas 
range around 100/MWh, and that of solar power 
fluctuate between 100 and 115/MWh, having fallen 
considerably since 2008.  

Given the above-mentioned decline in the prices of 
photovoltaics for the period 2008 - 2021, it can be 
assumed that the prices from nuclear, natural gas and 
Solar power have practically equalized. However, the 
calculation methodology does not explain why 
Kozloduy NPP in Bulgaria sells electricity in 2019 at 
a price of € 35 per MWh and remains profitable [17]. 

The NPP was built in the period 1970-1991. The cost 
of electricity produced at the plant includes only 21% 
depreciation in operating costs [18]. Probably the EC 
calculations do not take into account that the service 
life of NPPs is up to 60 years and compensate for 
large initial investments. So far, the EU has not given 
up on subsidies for renewable energy.  

 Bulgaria is a country with strong seasonal 
differences and hence with large consumption 
fluctuations. These fluctuations are till now 
successfully extinguished by an energy mix of 
traditional sources, including nuclear energy at 
constant value and flexible management of coal and 
hydropower production, incl. water losses. However, 
taking into account the above trends in energy policy 
we are testing how a simplified "green energy 
model" would work in Bulgarian conditions. In the 
model we are considering, the fluctuations mentioned 
above have to be taken up by the combination of 

photovoltaics and CCGT. The latter has virtually 
unlimited flexibility, while the oscillations of the 
former cannot be controlled. (Water resources are 
fully used; they have no more reserves, both in 
Bulgaria and in the EU as a whole.) 

The assessment of the effectiveness of this 
combination for a residential area (household 
consumption) proceeds with an admission (disputed) 
for equal production prices. The data for electricity 
production in Bulgaria - a country with a sufficient 
intensity of solar radiation between 1350 and 1750 
kWh / sq. m and a clear seasonality, also show large 
fluctuations, see Fig.4 (European Commission, 2019 
[19]):  

 

 
 

Figure 4. Solar radiation over Bulgaria 
 
Here are presented observations on the operation of 

a solar power plant, namely “PV Aleksandrovo” [20] 
situated favourable in South Bulgaria. The picture is 
of pronounced seasonality, with large daily 
production fluctuations. The data are from 2018, 
2019 and 2020, incl. average values: 

 
Table 1. Energy production by “PV Aleksandrovo” 

 

month I II III IV V VI VII VIII IX X XI XII 
min. kw/h 

2020 
29 9 24 47 55 192 215 143 73 0 12 10 

max. kw/h 
2020 

316 359 461 495 462 441 431 422 393 351 327 220 

Total 2020 6127 5999 8274 9863 9848 9884 11399 10110 9327 5499 4757 2221 
Total 2019 3687 5717 10157 9236 10252 9896 10314 11177 8137 7619 4237 4537 
Total 2018 4987 3337 5110 10216 9388 7808 8958 10870 9060 7298 3036 3311 

Total 3 14801 15053 23541 29315 29488 27588 30671 32157 26524 20416 12030 10069 
Average 4934 5018 7847 9772 9829 9196 10224 10719 8841 6805 4010 3356 

% of max. 
capacity 
11 399 

43 44 69 86 86 81 90 94 78 60 35 29 

 

Source: http://www.solar-dispatcher.com/solarlog/PV_Aleksandrovo/ 
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The average values show a load of 66% of the peak 
capacity of the installation. However, this production 
covers only part of the daily consumption shown in 
Fig. 5 bellow: between 8.00 and 18.00, hardly 
covering the morning and evening peaks. The 
production of this small power plant is intended for a 
small number of users, but the data give a very good 
idea of the seasonal fluctuations in producing 
electricity from solar panel at all. 

Household electricity consumption in Bulgaria 
with its fluctuations was studied by a scientific team 
lead by Nicola Mihaylov. Data is presented in Fig. 5 
[21]: 

 

 
(a) 

 

The highest consumption is during the winter 
months between 18:00 and 22:00. It turns out that the 
highest load for photovoltaics (90-94%, see above) 
coincides with the lowest consumption during the 
summer season in the quiet part of the day from 9.00 
to 16.00 [21].  

In order to fully cover the needs, it turns out that 
the solar power plant must be duplicated by a CCGT 
with 4 times more capacity. Thus a 1 MW CCGT 
that supplies a city or village with up to 1,600-1700 
households should be combined with a 250 kW 
photovoltaic park. The capacity of the latter is 
achievable in real conditions with a combination of 
roof installations and solar parks, situated close to 
consumers. However, this combination is inevitably 
decentralized, with a large spread of capacity and a 
real reduction in efficiency (each roof installation of 
1 kW requires a separate inverter, wires etc. which 
inevitably makes the scheme more expensive). 

The comparison of the production and 
consumption curves allows the derivation of the 
indicators for efficient use of the production capacity 
of the complementary pair solar power plant - 
CCGT. The data for the months with the highest and 
lowest consumption are derived from the Figure 
above as follows: 

                                            (b) 
Figure 5. a and b. Household electricity consumption in a 

typical apartment building in Bulgaria 
 
Table 2. Daily consumption in cold season 

 

March - daily consumption 
325 230 180 180 180 180 200 230 210 230 220 210 
200 190 200 190 210 250 350 400 380 350 420 410 
total 6125 kw/h 

 

In this case, a solar installation can cover with 
effective production the consumption in the range 
9.00 -16.00 h. The indicator is derived from the daily 
production data of "PV Aleksandrovo". This gives 
1480 kW/h. In the cold period with short day solar 
installation can cover up to ¼ of the round-the-clock 
consumption. We do not forget that CCGT 
necessarily has the capacity to cover the whole 

consumption in adverse conditions (cloudiness). The 
average data shows that in March the capacity of 
CCGT remains loaded at about 75%. In December 
the consumption is almost the same, but this month 
the production of photovoltaics is the lowest, as can 
be seen from Table 1 and covers only 11%. 89% 
remain for CCGT. 
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Table 3. Daily consumption in cold season 
 

June – daily consumption 
180 125 80 70 80 80 100 140 110 110 110 120 
120 120 120 130 140 150 175 190 200 200 240 250 
total 3340 kw/h 

 

Source: own development derived from Mihaylov N. et al. (2018)  
 

In this case, solar installation can cover the 
consumption in the range 8.00 -18.00 h. (There is an 
actual displacement of half an hour back, but in the 
table it is presented so for convenience. The quantity 
does not change.) This gives 1405 kw/h., i.e. the 
production covers almost the same amount of 
consumption as in winter. In the warm season with 
long days, however, a solar installation can cover up 
to 42% of round-the-clock consumption. The average 
data shows that in June the capacity of CCGT 
remains loaded at about 60%. 

Between the two endpoints, the calculations show 
that the CCGT should operate annually at an average 
load of about 75%. This adversely changes the 
economic performance of the plant. The return on 
initial investment is extended by a quarter, 
respectively. And the possible increase in the 
capacity of photovoltaics to absorb more of the 
consumption reduces their effective load, which is an 
even worse solution given their lower EROI. 
Besides, there are still subsidies for renewable 
energy, so the economic performance is in fact even 
worse. Consumers have to accept a "green surcharge" 
in the price of electricity, but their willingness to do 
so cannot be overestimated.  

 
7. Conclusion 

 
In the case of the Green Deal, political factors 

combine well with technical ones: combinations of 
traditional and new energy sources are аble tо reduce 
damage to nature. The combination of solar power 
plant with CCGT is one such option that allows 
effective coverage of household energy consumption. 
Given the constraints on wind turbines and NPP, this 
seems to be the most widely used solution. However, 
as the studied model shows, the inclusion of solar 
power plant reduces production efficiency and 
requires a several times larger duplicating power. 
The energy mix projected for 2050 (Fig. 1) seems 
unrealistic for the time being. Ignoring the NPP 
needs, in our view, to be rethought, along with the 
excessive hopes placed on the solar power plant and 
wind turbines. The optimal solution for energy 
requires a complete balance between political, 
technical and economic factors. 
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