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Abstract. Is the world’s power engineering at a crossroads? Will ongoing climate changes and rise of new technologies such as the Internet
of Things (IoT), Smart City or e-mobility give us a completely different perspective on the world’s future energy? What are our actual visions
and development forecasts in this matter? Who is right concerning this matter, large energy companies and some politicians, environmentalists,
climate researchers and all kinds of visionaries? Is transformation based on solar energy and hydrogen a holy grail for the energy sector? The
author of this article tries to find answers to these and many other questions. Today we can already accept as a proven thesis that rapid and
dangerous climate changes for our civilisation can also be attributed to high carbon and low-efficient power engineering. Power engineering
and climate neutrality are no longer just problems for politicians, companies, and scientists, but have become a challenge for our civilisation.
If we are to save the Earth, our civilisation has to change its mentality and develop ideas that will not prioritise economic growth and high
consumption but sustainable growth in harmony with nature. For this to happen, the way people think about energy and global transformation
must also change. The foregoing general remarks, but also the fact that a gradual transition from traditional large-scale fossil fuel-based energy
generation to distributed energy generation based on renewable resources is inevitable, constitute the main message of this article. The article
also aims to discuss the role of the Institute of Fluid-Flow Machinery of the Polish Academy of Sciences (IMP PAN) in Gdansk in the process
of energy transformation in our country. The institute, as the coordinating entity of over a dozen of high-budgeted national and European proj-
ects in the field of environmentally-friendly power engineering, has contributed to some extent to the creation of conditions required for the
development of prosumer power engineering (or more broadly: civic power engineering) in our country.
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1. Introduction

When taking a closer look at a process such as energy trans-

formation, we need to stop for a moment and analyse several

important issues such as climate change and emissions, Internet

development (Smart City, Industry 4.0, intelligent management)

and electromobility. The broadly understood energy — i.e. tra-

ditional power engineering, transportation, and heat engineering

— is closely linked to these issues. oil
Considering aspects such as the “population boom”, low 53 years

energy efficiency, limited reserves of fossil fuels, greenhouse

gas emissions, climate changes and the unlimited energy

resources of the Sun, global power engineering and many other

areas of human activity are faced with an urgent need to reas-

sess their existing traditional development paths and redefine

their priorities. The only alternative in my view is a large-scale

crisis. Pessimists say: Don’t ask whether a crisis is going to

happen, ask when it will happen. But it does not have to be

that way.

Natural gas
53 years

Fig. 1. Average global reserves of fossil fuels

Global reserves of fossil fuels are limited. If we look at
these reserves in detail, based on average global forecasts of
their use, it turns out that there may only be 50 years of oil and
gas and around 100 years of coal and uranium left (Fig. 1). This
is a dramatically small quantity!
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On the other hand, the Sun is an inexhaustible energy source
(Fig. 2).

A moment of reflection on Figs. 1 and 2 leads to the con-
clusion that there is basically one path of transformation: from
fossil fuels to solar energy. Only the time needed for this trans-
formation and the transition periods in different regions of the
world remain a subject for discussion. Around 45% of solar
energy that reaches the Earth can potentially be used directly
(e.g. PV cells, collectors) and indirectly — for the production
of other environmentally friendly fuels (e.g. hydrogen).
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Solar radiation to the Earth reaches the power of approximately 178,000 TW

The current value of the solar constant is about 1,368 watts per square metre (W/m?)

100% - 178,000 TW Uit

Within an hour, the Sun provides
the Earth with more energy than we
use in a year

30% is reflected back by the atmosp

25% is absorbed by the hydrological cycle
(photosynthesis, movement of air and waves

|_'_l

radiation

Fig. 2. Energy from the Sun — inexhaustible resources for our civilization

2. Unstable climate balance

Man adds 37 billion tons of CO, per year into the natural cycle.
Although it is not a large number compared to the total amount
of CO, and C (pure carbon) circulating in nature, the question is
whether nature is able to neutralise this additional rapid increase
of CO,. And hence arises the question about climate balance,
which is an unstable balance. This is illustrated in Fig. 3.

The essence of the problem lies in the rapid increase in
greenhouse gas emissions in recent decades. Many scientists
point to a dramatic and rapid increase in the amount of CO, in
the Earth’s atmosphere.

Unstable balance

This balance is unstable.

Humans are altering this balance by adding huge amounts of CO,,
which nature is unable to absorb. This is the essence of the problem.

According to NASA, the concentration of carbon dioxide is
rising at an alarming rate. Over the years 20062019, it jumped
from 380 ppm to 411 ppm. In 1960 it was 318 ppm, and in the
pre-industrial era at about 280 ppm. The current CO, concen-
tration of about 411 ppm has generated an increase of 1.1°C in
the global Earth temperature compared to the pre-industrial era
(late 19th century). The current rate of CO, growth indicates
that we will not have to wait 150 years for the next significant
increase in global warming.

While some could agree with the opinion that the growth
of CO, in the atmosphere (within certain limits) cannot have
a major impact on the human body, I think that almost everyone

An increase in global warming by more than 2°C can
disturb the climate balance

97% of CO, emissions come from natural sources (solar activity,
geological cycles, biological processes, volcanoes) but this percentage
is associated with the cycle that has been stabilised over thousands of
years; because CO, is absorbed by oceans and plants. This is why the
amount of CO, in the air has been the same for thousands of years.

What is this limit — 2°C, 4°C, ...?

Graphic example:
A small drop, with a very
small weight, can disturb
the fragile convex meniscus
balance of the whole glass.

’!WHere are
we heading?

Yo,

Global.warming

Fig. 3. Unstable climate balance. Where does the limit of global warming lie?
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Heated disputes.
Do human activities have an impact on the current global warming?

YES

- Avast majority of scientists and large international organisations
(COP, IPCC, WMO, IEA, etc.)

- A small number of politicians: there is a growing fear that the
battle against global warming will limit the economic growth and
food production

- Alarge part of the public, celebrities, international media

NO

- Asmall number of scientists, the majority of politicians
- No major international organisation

- large global energy corporations

- Certain media and web portals (particularly in the USA)

Reasons for the disputes
- Fossil fuels are cheap, easily available and stable. They ensure rapid economic growth.
- Thereis no clear answer to the questions: What alternatives? What technologies should be chosen?
- Asmall amount of CO, in the atmosphere (0.03%) and a relatively small degree of participation of anthropogenic factors in the greenhouse
effect (0.3%) give an illusion of security. The Earth has gone through major climate changes in the past.
- There is a lack of understanding of climate stability and CO, emissions, the consequences of which are such that nature cannot cope alone

(unstable balance) And what

» Currently, we are facing an average increase of 1.1°C
and an increase of 0.2°C for each decade to come.
» Everything seems to indicate that the
climate commitments.
» We will certainly lose the battle for the 1.5°C.

The historic Paris agreements

PARIS2015

UN CLIMATE CHANGE CONFERENCE

are the facts?

in the Earth’s temperature compared to the pre-industrial era
The increase is likely to get larger.
governments of many countries are failing to meet their

We will probably also lose the battle for the 2°C.
may soon become outdated.

COP21-CMP11

Fig. 4. Does man have an impact on climate changes? A list of arguments — the struggle to limit the global increase in the Earth’s temperature
below 2°C is likely to be lost

would agree with the statement that the same growth can have
catastrophic consequences for global warming and climate (tor-
nadoes, droughts, floods, rise in ocean levels, etc.). An increase
of 1°C in the global temperature of the Earth is a lot. And here
a legitimate question arises: Will our civilisation cope with such
global climate changes [1, 2]?

The truth is that if we are to save the Earth, society must
change its mentality and think up ideas that will not prioritise
economic development and high consumption but rather an
environmentally friendly development in harmony with nature.

This will be an extremely difficult task since economic
development and hence high consumption and quality of life
have become almost a sort of religion for mankind. Such aspi-
rations are natural, so how can we change the attitude or even
mentality of whole generations in this situation?

We are also threatened by a “climate apartheid”, or another
type of climate injustice. The developed countries (mainly:
the rich northern countries) are responsible for the majority
of greenhouse gas emissions, but it is the inhabitants of the
poorest countries (mainly: the poor southern countries) that will
suffer the most.

3. European Green Deal: new concept

In December 2019, the European Commission announced the
European Green Deal — an ambitious package of measures that
will lead Europe to climate neutrality in 2050 and will enable
European citizens and businesses to benefit from a sustainable

Bull. Pol. Ac.: Tech. 69(1) 2021, e136213

green transformation. Climate neutrality here means not only
stopping the rise in global temperatures and reducing green-
house gas emissions but also implementing measures such as
clean energy (ecological sources), sustainable industry (envi-
ronmentally friendly production cycles), building and renova-
tion (ecological construction sector), sustainable mobility (eco-
friendly transport), biodiversity (ecosystem protection), “from
farm to fork™ approach (sustainable food chain) and reduction
of other pollutants. This is a complex action plan, which aims
to improve the quality of human life.

Many politicians, publicists and scientists believe that the
European Green Deal is the most ambitious project that has
been developed to date and an excellent opportunity and chal-
lenge of our time. Europe has adopted the European Green
Deal project, but will other countries of the world follow in its
footsteps? There are plenty of indications that they will not. The
world’s greatest power, the United States of America, declares
that it does not have such ambitions (in 30 years, the level
of CO, emissions will be similar to today’s). Other countries
(China, India, and Brazil) are of the same opinion. The Euro-
pean Union as a whole currently emits only 10% of the world’s
CO,. Carbon dioxide emissions are still growing worldwide
and there is no indication that this tendency will change in the
near future.

This therefore gives rise to fundamental questions: Do
Europe’s climate efforts make sense? Will the costly green
energy transformation find support in other countries of the
world? And will Europe not become “Don Quixote” in this
lonely fight? To answer these questions, it is worth quoting
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Other 9%
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water, nuclear
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Fig. 5. Forecast of the use of primary energy sources in 2020 and 2100: Will the next century be the solar age for humanity? Will hydrogen
be the dominant fuel?

a statement by Jerzy Buzek (who is a member of the European
Parliament) at the last European Economic Congress, which
was held in Warsaw [3]:

“... As Europeans, we must show the world — it is our
civilisational obligation — that it is possible to lower the
consumption of fossil fuels and that it is possible to keep
people employed and Europe will still be the most attrac-
tive continent for billions of citizens in the world ...”.

Is this argument convincing? There is a well-founded fear
that as long as climate change does not threaten the existence of
our civilisation, the support of the world powers and the “rest of
the world” for EU’s actions against climate change will remain
moderate, or perhaps only declaratory.

4. Will we see the era of the Sun and hydrogen
in the near future?

Climate change, the rapid development of information tech-
nology (Internet of Things, Industry 4.0, Human Smart Cities),
as well as the expected development of electromobility, will
contribute to the development of Smart Energy Systems, that is,
the transition from large-scale energy generation to distributed
energy generation.

This trend is confirmed by long-term forecasts of the use
of primary energy sources. By analysing many of the available
articles, materials of different companies and online publica-
tions [4—-15], despite the sometimes contradictory nature of
some conclusions, it seems reasonable to assume that in the
long run (e.g. after the year 2050), the structure of primary
energy consumption will fundamentally change (Fig. 5). In the

next century, the Sun will become the most important source
of energy for humanity. Are we then heading for the Sun era?
If so, technologies associated with distributed power genera-
tion must become dominant and a transition from centralised
to distributed energy generation is inevitable.

Forecasts and reports from official energy organisations
such as IRENA (International Renewable Energy Agency)
and IEA (International Energy Agency) [16-20] indicate that
not only the switch to renewables will be crucial but also the
improvement of efficiency and the switch to more electricity
through the use of electric energy carriers. These changes are
illustrated with the triangle shown in Fig. 6.

Fig. 6. The main three directions of global energy transformation:
towards the use of RES, towards more efficient use of electricity and
towards increased use of electricity

Bull. Pol. Ac.: Tech. 69(1) 2021, 136213
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Thus:

Electricity combined with renewable energy is the
essence of global energy transformation.

The above-mentioned synergy will not only directly con-
tribute to the reduction of CO, emissions but also brings about
beneficial social and economic changes, for example, by
strengthening the role of prosumer and civic power engineering.
Electricity combined with renewable energy sources indirectly
increases energy efficiency and reduces global energy demand.

5. Hydrogen is the fuel of the future

It is worth paying attention to the role of hydrogen obtained
from both renewable energy sources and fossil fuels. According
to many forecasts, the share of hydrogen in the structure of the
global consumption of primary energy sources will be dominant
at the end of this century, although it is difficult to estimate this
quantitatively [21].

Green hydrogen production from renewable electricity is
expected to grow rapidly in the coming years. Today, the pro-
duction of green hydrogen is relatively well known in technical
terms. The problem of its cost-effectiveness remains. Today, the
cost per unit of energy produced from hydrogen is 1.5-5 times
higher than that of natural gas. This may change in the future.

The production of green hydrogen using electrolysis of
water seems promising. Already now, in some countries (e.g.
Germany), high-power electrolysers are being developed.
Renewable hydrogen is undoubtedly the fuel of the future,
although at present it is produced mainly from natural gas and
coal (grey hydrogen — approximately 95%).

The existing business studies show that, depending on the
location and service life of the electrolyser, e-Hydrogen could
already be a market alternative at this point. However, this
technology has a promising future due to the expected rapid
decrease in production costs of electrolysers and the e-Hydro-
gen production process itself.

Therefore, e-Hydrogen has a chance to become the
fuel of the future.

Hydrogen separation from natural gas without CO, emis-
sion, for example, using CCS (carbon capture and storage) tech-
nology and pipeline transport like Nord Stream 2 seems to be
faster for the time being, but hydrogen generation via electrol-
ysis using RES is a more sustainable and promising solution.

In the near future, Poland may use blue hydrogen and trans-
port it through the new gas pipelines such as the Baltic Pipe
(for example, from Norway which is interested in the separation
of this fuel from gas, from which carbon dioxide was already
removed by means of CCS technology). This would be a transi-
tion from being dependent on the imported gas to being depen-
dent on the imported hydrogen, but at least using a safe source.

According to current trends, it is reasonable to estimate
that in 2040 electrolysis will be the cheapest way to produce

Bull. Pol. Ac.: Tech. 69(1) 2021, e136213

zero-emission hydrogen. The hydrogen strategy is therefore
taking a step in the right direction.

Hydrogen can also help to solve the problem of energy
storage. Profitable energy storage in hydrogen fuel cells com-
bined with renewable energy sources (e.g. on the Baltic Sea
using off-shore technologies) would meet the expectations of
green energy transformation advocates.

Poland has one of the best access to natural hydrogen
reserves in the form of salt caves. With a good hydrogen strat-
egy, we have the potential to develop energy storage facilities
with the lowest costs in Europe.

When summarising the issues tackled in this chapter, one
can conclude that the next century in the life of our civilisation
will be the era of the Sun and hydrogen — in other words,
figuratively speaking, there will be a yellow-blue transforma-
tion (provided that the yellow colour represents the Sun, and
the blue colour represents hydrogen).

And this, in turn, would provide an answer to the questions:
Quo Vadis power engineering? Is it possible that humanity has
finally found the Holy Grail of power engineering?

ISthe transfofation ugipg Solar energyand ¢

I'irﬁg.én e «

s 92

.

'a Holy @rail for power engineering?g

Fig. 7. Is the yellow-blue transformation using solar energy and hydro-
gen a Holy Grail for the energy sector and our civilization?

6. Civic power engineering based on
DES/RES technologies

The energy transformation and growing use of RES will intro-
duce new users on the market: citizens, municipalities, and cit-
ies. This may change the structure of political and economical
power as renewable energy sources tend to decentralise and
democratise energy systems.

We are talking here about prosumer power engineering
(where the citizen is both a consumer and producer of energy),
and in a broader sense about civic power engineering, which
is the essence of off-grid renewable energy systems.

These changes will create a more diverse energy ecosystem.
The role of the centralised state can change in such a system.
Many new investors and new business models will emerge.
Local and distributed energy sources give households and com-
munities more autonomy than centralised network systems.
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Civic Power Engineering (CPE) — what is this?

Distributed power engineering
based on DES/RES, Smart Grids and
"digital cloud" applications will play
a key role in the energy
transformation in the near future.

4 ICTs =

Small-scale Eco-energy Generation
Distributed Energy Generation CPE =
DES/RES technologies Energy
/ . freedom of

= citizens

Prosumer Energy i S

Generation I Smart Grids | £

2

2

]

Hybrid systems integrating solar,
biomass and wind technologies,
heat pumps and energy storage for

Informatics Superstructure
Applications

Cyber-freedom
of citizens

!

energy-plus residential houses,
facilities and housing estates
operating in a smart grid are a

Cloud computing, Communication

challenge for the moment.

Safety, independence and freedom of citizens

Fig. 8. Civic power engineering, based on DES/RES technologies, is the key element in the energy transformation; DES — distributed energy
systems, RES — renewable energy sources

Distributed energy systems (DES) that use renewable
energy sources (RES) — in short, DES/RES — will play a key
role in this regard. The term DES/RES basically refers to the
technology, and civic power engineering (CPE) seems to be
a broader term [22-25].

Typical DES/RES technologies generally use several meth-
ods of generating electricity and heat as well as storing and
managing energy. These are therefore the most economically
profitable hybrid technologies available in different config-
urations.

On the other hand, civic power engineering, in its broadest
sense, means the energy freedom of citizens, just as informa-
tion and communication technologies (ICTs) once meant the
cyber-freedom of citizens (Fig. 8).

7. What energy mix should we choose for Poland?

Let us now return to the most important issue related to the
transformation. In light of such controversies and difficult
dilemmas, the questions remain: What energy mix should we
choose for Poland? What decision should politicians and com-
panies make in this matter?

It should be clearly stated at the outset whether we are
talking here about the most likely mix, which may take place
in the next few decades in Poland, or about the mix desired
from different points of view. The analysis of different types
of scenarios and opinions has shown how much they differ
depending on what organisation or experts developed them.

Considerations towards the most likely mix for Poland, for
example, for the next two decades, should be based on the
following several factors:

e The national specificity of different industrial sectors, espe-
cially the role of coal and the political conditions connected
with it. This fact cannot simply be omitted despite the sug-

gestions of some experts and scientists. Obviously, this fact

cannot be ignored by politicians either.

e The scenarios developed by the government, which are sup-
ported to a significant extent by the opinion of scientists
from the Committee for Power Engineering Issues of the
Polish Academy of Sciences, naturally have an advantage
over other scenarios (constructed by international organi-
sations or independent experts) because the governmental
side has the so-called “driving force”, and moreover many
of these opinions concern the general situation in the world
or Europe, and not specifically Poland.

e Long-term scenarios (going beyond 2050) which can be
burdened with too many errors and can only be treated as
a guide rather than reliable data.

It can, therefore, be assumed with a high degree of probability
that coal and gas, i.e. fossil fuels, will remain the main source
of electricity in Poland for the next two decades. Only the pro-
portions will change because in 2040 many more the so-called
zero-emission sources (i.e. photovoltaics, off-shore wind farms
and nuclear energy) will be used. It is worth noting that the rela-
tive share of fossil fuels in electricity production in 2020 is about
80% and in 2040 it is expected to be only 60%. However, this
proportion in absolute terms remains practically at the same level.

In Poland, the electric power system will therefore be com-
posed of two systems: a system with emission, with about 40 GW
of installed capacity in 2020; and a system without emission
with similar installed capacity in 2040 (photovoltaics, biomass,
and gas — about 20 GW, off-shore wind farms — 8-10 GW
and nuclear power engineering — 6-9 GW). Figure 9 presents
the most likely version of the energy mix for Poland by 2040,
divided into two systems: with emission and without emission.
It is worth noting that almost the entire increase in electricity
production in the next two decades, i.e. from about 40 GW (con-
ventional installed capacity) to about 76 GW in 2040, results
from the use of an emission-free power system.

Bull. Pol. Ac.: Tech. 69(1) 2021, e136213
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Energy sector mix for Poland
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Fig. 9. The most likely energy sector mix for Poland by 2040; although
fossil fuels will remain the main fuel used to produce electricity,
their relative share will decrease from 80% to 60%; two systems will
coexist, complementing each other synergistically: the traditional
emission-based system and the emission-free system

This means that in 20 years’ time Poland is planning to build
a second alternative emission-free system with a capacity com-
parable to the conventional capacity installed today. Therefore,
two systems will operate in synergy in our energy mix.

How can this be achieved? The most controversial are the
plans to build nuclear power plants. The planned capacity of
6-9 GW is strongly contested by many experts. And it is not just
about the protests of environmentalists and public recognition
of a potential threat of a catastrophe and contamination, but
simply about the investment costs, and especially about finding
a contractor and an optimal credit package. After all, such huge
investments cannot be financed from the state budget. Poland is
not one of the richest countries in the world, therefore there are
so many opinions about a complete resignation from building
a nuclear power plant. For this money, several highly efficient
conventional power plants could be built, which can provide
many more jobs for Polish specialists and workers.

The discussion on this issue is still ongoing and there are
no concrete, final decisions.

As for the other elements of an emission-free system
(especially photovoltaics, biogas, biomass, and offshore wind
energy), their use on such a large scale will require break-
through solutions on a local level.

7.1. What prospective actions should be taken? On a local
level, those may be energy clusters or municipal energy cen-
tres, i.e. simply elements of civic power engineering based on
distributed energy systems and renewable energy sources, in
short, DES/RES (Fig. 8).

DES/RES systems can be commonly built by citizens or
communities with the legislative and financial support of the
state, thus creating, de facto, a system of small, dispersed power

Bull. Pol. Ac.: Tech. 69(1) 2021, e136213

Polish transformation plans for 2040. What prospective
actions should be taken?

/ System without emission \

(photovoltaic cells, biomass, off-shore,
nuclear energy)

> Development of the Polish hydrogen
strategy

> Development of the Power-to-Gas
technology and of e-Hydrogen
production technology using RES
and its storage

> Legislative and financial suport for
Civic Power Engineering

> Development of IT technologies
(Cloud Computing, Blockchain)

> Develop of | Itage power
networks

> Selection of technologies,

contractors and methods of
wancing nuclear power plants J

Fig. 10. The most urgent actions if a probable version of the energy
sector mix is implemented by 2040; CCT — clean coal technology

plants. The most urgent actions within the framework of the
energy sector mix described are summarised in Fig. 10.

Summarising the discussion on the Polish energy sector mix
in the next two decades, it should be noted that it differs quite
significantly from the scenarios presented by various interna-
tional agencies such as IRENA and IEA or by many experts
and scientists. It also differs from the objectives presented in
the European Green Deal [16-20].

In these scenarios, the focus on renewable energy and cli-
mate protection is much greater, arguing that climate-oriented
sustainable development is both possible and beneficial if cer-
tain conditions are met.

Poland, as we know, has negotiated its own path to climate
neutrality in the European Union, and the mix shown in Fig. 9
is a result of this.

Speaking of the energy sector mix for Poland, it is necessary
to raise the issue of transformation costs. Poland has a specific
electricity production structure. As much as 77% of electricity
is produced from hard coal and lignite, only 7% from natu-
ral gas and 13% from renewable energy sources. At the same
time, only 58% of the country’s territory has access to gas.
This is why most the commonly used private heating systems
are coal stoves, which are often old generation devices called
“kopciuchy” in Polish. This, in turn, causes high air pollution
— as many as 33 out of 55 European cities with the highest air
pollution are located in Poland.

According to the European Commission, the energy trans-
formation in Poland will cost our country as much as EUR
240 billion. The Polish government is working to ensure that
the Just Transition Fund (JTF) invests both in moderating the
effects of the transformation and in its implementation.

7.2. Role of natural gas. Polish e-hydrogen. Natural gas can
play an important role in the Polish transformation. As gas-
eous fuel does not fall into the category of renewable energy
sources, it is referred to as a transitional fuel on the way to
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the full energy transition. The European Commission under-
lines that the transition towards climate neutrality will rely on
a wide range of energy sources and technologies and the role
of natural gas is important as a transition fuel. The demand for
gas is constantly growing. In 2018, the global share of natural
gas demand was 24%. According to the International Energy
Agency’s forecasts, by 2040, global demand for natural gas will
have increased to almost 40%.

The demand for natural gas will grow faster than the
demand for oil, which reflects, among other things, the ongo-
ing trend of promoting cleaner energy sources. The large rapid
growth of the gas market also brings new investments ensuring
new directions of supply. The Baltic Pipe project, which aims
to create a new route for the supply of natural gas from Nor-
way to the Danish and Polish markets as well as to end-users
in the neighbouring countries, is obviously of strategic impor-
tance. The pipeline will be able to transport 10 billion m?® of
natural gas annually to Poland and 3 billion m?® of gas from
Poland to Denmark. The construction works phase is expected
to start in 2020, which will allow the import of natural gas
from the fields located on the Norwegian Continental Shelf.

Bulgaria, the Czech Republic, Greece, Lithuania, Poland,
Romania, Slovakia and Hungary have prepared a non-paper
in which they claim that gas will be, from their point of view,
an essential tool to achieve climate neutrality in the European
Union in 2050 (see: the website biznesalert.pl at https.//bizne-
salert.pl/polska-koalicja). This implies a coalition between
Poland and these countries to defend the role of gas in the
EU’s climate policy.

If the Polish Hydrogen Strategy were more advanced, then it
would be possible to imagine the best variant of emission-free
power engineering with a perspective for the next two decades,
namely a variant based on the power-to-gas technology.

This means that mainly electricity from large off-shore
wind farms, but also from large on-shore and photovoltaic
installations, would supply high-power electrolysers, which
in turn, by producing hydrogen, and more specifically e-hy-
drogen, would ensure the storage of produced energy and its
further stable use in both local off-grid systems and large-scale
on-grid systems (Fig. 11).

Power-to-gas technologies or, more broadly, power-to-X
technologies are the most promising directions for the devel-
opment of emission-free power engineering, not only in Europe
but also in other parts of the world.

Poland, with its great off-shore and on-shore potential and
rapid development of photovoltaics, can play a significant role
in the development of these technologies.

An opportunity for Poland in terms of zero-emission energy is
e-Hydrogen, i.e. Power—to—Gas Technology based on:
- Electricity produced by off-shore wind farms
- High-power electrolisers
- Hydrogen (e-Hydrogen)
- Energy Storage

6 ¢

Fig. 11. The e-hydrogen and power-to-gas technologies (where electrical
energy is produced mainly by offshore wind farms) may be an opportu-
nity for the development of emission-free power engineering in Poland

8. What can science propose?
Examples of innovative technologies

8.1. Prosument model of a rural municipality. Energy map.
We will limit ourselves here to a few examples of new tech-
nologies in the field of civil power engineering, which are
being developed at the Institute of Fluid-Flow Machinery of
the Polish Academy of Sciences in Gdansk. It is an example
of a scientific contribution to the Polish energy transformation
[26-32]. The author of this article, as the director of the institute
and manager of several large research projects, feels competent
for this kind of evaluation, but only in terms of the contribution
that the institute has made.

Within the framework of the strategic project TechRol
(BIOSTRATEG III), coordinated by IMP PAN (with the author
of the article as manager of the project), a prosumer model
of a rural municipality and the requirements for a low-emis-
sion agricultural production are being developed. Therefore,
this project fits perfectly into the concept of civic power engi-
neering, which was described earlier, all the more so as the
subject matter of the project also includes the issues of smart
management of energy resources, energy mapping and selec-
tion of appropriate RES technologies. The technologies devel-
oped within the framework of the project are being tested on
a real site which is the Municipality of Przywidz located in
the Kaszuby region. This municipality is therefore a partner in
the project (Fig. 12). Developing a prosumer model of a rural
municipality requires the implementation of many tasks such as
determining the amount of demand for heat and electricity in the
municipality, and thus conducting an energy mapping process.

Arena Przywidz — research object

Fig. 12. Research Object — the municipality of Przywidz located in the
Kaszuby region in the Pomeranian Voivodeship

Another important task is to develop a smart system for
managing the production and consumption of energy carriers.
This will help to simulate virtual energy systems and optimise
the use of available resources.
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Based on the data received from the municipal authorities
and the distribution network operator, an analysis of the mea-
surement data was carried out, the description and evaluation of
the municipal power network were performed, and as a result,
a multidimensional analysis of the obtained measurement data
was carried out (generally and in detail for particular groups
of recipients).

Figures 13 and 14 present some examples of results related
to the classification of buildings, consumers, and energy con-
sumption in the Przywidz municipality. Figure 13 shows that
statistically in a municipality in Poland, the share of house-

holds taking part in the energy market is on average about 20
per cent. The analysis conducted for the rural municipality of
Przywidz shows that the share of households (tariff group G) in
the total municipality’s energy consumption is 54%. Such a big
difference stems from the specificity of the municipality — it
is a rural municipality with a low level of industrialization,
and therefore perfectly suited for low-emission agricultural
production.

Figures 15 and 16 show an example of how to optimise
energy installations in a given building, in this case in the
Arena Przywidz building.

Electricity consumption in the municipality of Przywidz (tariff breakdown)

<\

L

The results were obtained based on the spatial disaggregation method using
artificial intelligence (Al)

Source: J. Verstraete, W. Radziszewska, Rulebase construction

using variables with data-dependent domains

Poland: 20%
B ¥ [ '

Municipality of Przywidz: 54%

Comparison between Poland and the municipality of Przywidz

(according to tariff G)

Fig. 13. Elements on energy map: energy consumption with a breakdown into tariffs — according to the results of the study carried out by
Dr W. Radziszewska and her team

Energy map: results of the analysis of the demand for electricity and heat
according to the categories of buildings and the distribution of inhabitants - using heuristic methods

Demand for electricity

Demand for heat

Rozklad pop. stat. na skoryg. pow. mieszk. é\!U

Eo-1 Jo-2791
Wi-26 [ 2791 - 7784
[ 26-39 [ 7784 - 11636
[39-53 [ 11636 - 15313
[53-67 [ 15313 - 20593
[J67-81 [ 20593 - 31194
[J81-10 B 31194 - 50738
[ 10-133 [ 50738 - 82058
[ 133194 [ 82058 - 143958
B 194-386 I 143958 - 331543
I 38.6-857

Srednie zuzycie energii [kWh] na rok @

Fig. 14. Elements on energy map: demand for energy — according to the results of the study carried out by Dr W. Radziszewska and her team
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Fig. 15. A proposal to modify the thermal and electrical installation located in the Arena Przywidz building; the table shows the results of

calculated operating costs for the version without and with modification — the use of collectors and photovoltaic panels brings a profit of about
16% — based on the results of the study carried out by M. Jaroszewska and P. Chaja
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Fig. 16. Calculation results of thermal and electrical power distribution versus the days of operation, shown in relation to the building’s
energy demand; upper graph — existing heating installation (gas boiler only), Middle and lower graph — calculations considering modifications
(collectors + pV) — based on the results of the study carried out by M. Jaroszewska and P. Chaja
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The calculations were carried out using the energyPRO pro-
gram, which is produced by the Danish company EMD. This
program was purchased as part of the TechRol project and the
skills to use it were acquired thanks to scientific internships and
through the cooperation of IMP PAN’s staff with both EMD
and Danish universities.

This software is used to carry out technical and economic
analyses as well as to optimise cogeneration and trigeneration
projects. It also facilitates creating other complex energy proj-
ects together with the use of electricity and heat from different
energy generating units.

EnergyPRO optimises a given energy project based on tech-
nical and financial parameters. Thanks to this optimisation of
the system’s operation, it is possible to determine an exact
amount of the supplied energy (heat, cooling, and electricity)
according to demand. This program makes it possible to carry
out technical and economic analyses for many different types
of systems, such as combined heat and power plants with gas
engines connected to boilers and accumulating vessels, cogen-
eration installations or solar installations.

The proposed modification of the energy system located in
the Arena Przywidz building is shown in Fig. 15. The existing
heating system with propane tanks and a gas boiler is recom-
mended to be complemented by solar and photovoltaic panels
with the possibility of feeding electric energy surpluses to the
power grid.

Commune Energy Balance

VISU3|IZat|0n Data Acquirer /

& API Services

Data

Simulation

Frame receiver /
Data exporter

Biomass admission

Biomass
Management

collector

The results of computer calculations for such a combination
are shown in Fig. 16. They indicate that it is possible to reduce
the operating costs of the building’s energy system by 16% (see
the table in Fig. 15).

8.2. Computer system for managing energy resources in the
municipality. Within the framework of the TechRol project,
the BLUETOMATION company (Edyta Wotczynska’s team) is
developing an original computer system for managing energy
resources in the municipality. It provides support for munici-
palities on how to produce and use electrical, thermal, and gas-
eous energy on their territory and on how to install new ele-
ments in the network. The computer system that is being devel-
oped allows collecting measurement data and simulating
changes in the power network, with a particular focus on the
collection, storage, transformation and use of biomass in accor-
dance with the law.

A municipality deciding to implement all modules of this
system receives a tool which can help to design changes in its
entire power network (not only in its electrical parts) in a rela-
tively fast and cheap way, in order to adapt it to the upcoming
challenges. This makes it easier to plan the modernisation of
the existing elements of the energy network (e.g. school boiler
room) by adding new devices that produce and consume energy.

Figures 17 and 18 describe the main modules of the com-
puter system that is being designed.

DATA SOURCES

Fig. 17. Main modules of the computer system designed to manage energy resources in the municipality — diagram by E. Wolczynska with team
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Fig. 18. More detailed description of system modules — diagram by E. Wolczynska with team

8.3. Microturbines in food production. Microturbines that
operate with low-boiling mediums (ORCs) are a good and com-
mon solution when it comes to using waste heat from combus-
tion engines or various technological processes in factories (e.g.
cement plants, refineries, food factories, etc.).

It can be expected that there will potentially be a large num-
ber of buyers on the Polish market willing to use cheap fuel
to produce electricity for their own needs. This means that the
series of microturbines developed at IMP PAN, as an important

Schematic diagram of the
ORC system placed on the
roof of a factory building

Turbogenerator 3D model

element of civic power engineering, has a chance to become an
innovative technology commonly used in Poland. One example
is an ORC cogeneration system with a 10 kW microturbine,
designed to use waste heat from a food production process. It
is planned to use waste heat from the food roasting production
line in a plant producing decaffeinated beverages based on cere-
als and chicory. The pilot installation will be connected with
the chicory roasting line, where the outlet gas temperature is
approximately 300°C (Fig. 19).

System with the ORC microturbine with an electric
power of 10 kW, powered by waste heat from a food
production process

Fig. 19. ORC microturbine system that uses waste heat from the food production process; works carried out by Professor G. Zywica’s team
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Universal micro-cogeneration system with a gas turbine

System model (container version)

TP

Rolling
bearing

Model of turbocompressor with an
electric power of 30 kW

Rolling

bearing Compressor

Turbine

Foil bearing

Volteri¢  BMP

GDANSK|

Unia Europejska
Europejski Fundusz
Rozwoju Regionalnego

Fig. 20. Gas turbine that is driven by hot air, designed to produce heat and electric energy of up to 30 kWe using biomass or coal — works
carried out by Professor G. Zywica’s team

The low-boiling medium used is non-flammable and safe
for the environment. Thanks to such a solution, the ORC system
will not interfere in any way with the production process and
will not have a negative impact on it. The benefits of using an
ORC cogeneration system include the possibility of generat-
ing own electricity (up to 50,000 kWh per year) and managing
waste heat for own needs.

The direct benefit for the environment is that the tempera-
ture of the outlet gas is significantly reduced (by about 150°C).

The Polish and global market currently lacks devices that
would be able to produce electricity on a small-scale using
cheap and widely available solid fuels; solid fuels are cur-
rently used only in large power plants and ORC systems with
capacities well over 150 kW. On the other hand, commercially
available micro-cogeneration systems are powered either by
gas or liquid fuels.

The IMP PAN proposes solutions — in the form of small,
universal gas turbine systems — which have a chance to
become an innovative technology that allows producing elec-
tricity from fuels that are currently used, at the very most, for
heat production (Fig. 20).

8.4. Syngas purification. The purification of syngas from
pollutants so that it can be used in piston engines is one of
the key issues when it comes to gasification processes occur-
ring in cogeneration systems. As part of the TechRol project
(Biostrateg III), purification methods that use water or oil gas
scrubbers, as well as plasma-based purification methods, are
being developed at IMP PAN. Figure 21 shows the photograph
of the “GlidArc” discharge taken during research into the effec-
tiveness of syngas purification.

Bull. Pol. Ac.: Tech. 69(1) 2021, e136213

Plasma-based methods used for syngas purification

Photograph of a GlidArc discharge in
a syngas mixture located inside the
smoothwalled reactor with two solid
bar electrodes.

Photograph of the plasma taken during
a GlidArc discharge in a cylindrical
reactor with solid electrodes.

prof. M. Lackowski

prof. M. Dors

agsTRATEG

Fig. 21. One of the syngas purification methods developed at the
IMP PAN: concept of plasma use; works carried out by Professor
M. Lackowski’s and Professor M. Dors’ teams
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8.5. Hybrid energy storage systems. A conventional approach
to energy storage involves the use of only one selected tech-
nology in the electricity storage system. It is usually selected
to perform one function. A hybrid storage unit combines two
or more technologies in one system. Such a solution makes it
possible to optimise the efficiency of the energy storage system
if it is to fulfil many functions. For the user, this means the
possibility of extending the machine lifetime and increasing
the benefits and profits obtained from the installation of an
energy storage system.

The benefits of the use of a hybrid energy storage system
are determined by the way it is controlled.

Within the framework of the HyStore project which is being
implemented at the KEZO Research Centre in Jablonna (IMP
PAN’s branch office), an energy management system dedicated
to these types of energy storage facilities will be developed.
Optimisation algorithms will be used to maximise profits gen-
erated by energy storage systems.

Currently, a demonstration installation of a hybrid energy
storage system is operating at the KEZO Research Centre. This
system is part of a functional micro energy network composed
of renewable energy sources, energy-consuming devices and
charging stations for electric vehicles. The hybrid energy stor-
age system uses the following batteries available on the market:
flow-through, lithium-ion and lead-acid batteries (Fig. 22).

The hybrid energy storage system uses a unique flow-
through battery, which has been installed at the KEZO

Research Centre in Jablonna. As a result, the first Polish
microgrid with a flow-through battery has been built, which
integrates a heating system, a cooling system, and an electric
power system (Fig. 22).

9. Conclusions

The examples of technologies and installations presented in the
article are the utilitarian result of some of the projects which
are being carried out at IMP PAN, which focus on environ-
mentally friendly power engineering. These projects reflect
the contribution of the Institute and its collaborating research
teams from other scientific centres to the national effort con-
nected with green energy transformation. After analysing
the results obtained, the author of the article would like to risk
a statement that the Institute has contributed, to some extent,
to the creation of conditions required for the development of
prosumer power engineering (or more broadly: civic power
engineering) in our country. Civic power engineering is a great
vision in which the citizen becomes an entity and is not subject
to the energy market, and additionally has a virtual advisor
in the form of smart grid and data processing technologies in
a “digital cloud”.

Therefore, it can be concluded that distributed power engi-
neering based on DES/RES technologies, Smart Grids, and
digital cloud” applications will be an important element of

Hybrid energy storage system — pilot experiments at the KEZO Research Centre in Jabtonna

The first Polish microgrid with a flow-through
battery, which integrates a heating system, a
cooling system and an electric power system

Power network topology

designed and implemented by K. Rafat, P. Chaja

and S. Byku¢ (and his team)

O = power analyser

Xt |

EPS07
L3 (wind tunnel)
out of scope
RG-B2 d)
RGEN-B1 <;> q> ROZE-B2 ¢

ESS nln nlm -
@ - - Local
loads
CHP turbines PV Battery VRFB
- B1 systems  Storage — Storage —
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Fig. 22. Unique installation in Poland: micro power network with a flow-through battery, based on a hybrid energy storage concept (on the basis
of the results of the study carried out by K. Rafal and W. Radziszewska)
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the state energy policy in the near future. This means that the
hybrid systems integrating solar, biomass and wind technolo-
gies, heat pumps and energy storage for energy-plus residential
houses, facilities and housing estates operating in a smart grid
are a challenge for the moment.
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