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EDIITORIAL PREFACE /
SZERKESZTÓI ELŐSZÓ
Tisztelt / Kedves Olvasó,

Ez a lapszámunk több szempontból is
különleges, Első nemzetközi cikkünk
jelenik meg, kiadványunk népszerűsége
növekszik, és ezúttal két cikket is
publikálunk.
Harmadjára
pedig,
a
hírrovatunkban egy érdekes, a hazai
vegyészmérnök társadalomnak kiemelkedő
újdonságot jelentünk be.

Első cikkük egy olyan kutatásunkról
számol
be,
melyre
a
felkérést
Németországból,
Johannes
Kardos
professzor úrtól kaptuk. Aken város
megújuló energiaháztartásának vizsgálatát
végeztük el, közösen.

Második cikkünkben Rácz László,
információkkal
teli,
érdekes
írását
olvashatjuk a körforgásos gazdaság
születéséről és fejlődéséről.

Lapszámunk ismeretterjesztő részében
beszámolót olvashatunk szakmánk egyik
fontos nemzetközi rendezvényéről, az
ESCAPE-28 (European Symposium on
Computer Aided Process Engineering)
konferenciáról és annak eseményeiről. A
konferencián, immár hagyományosan, mi
is szerepeltünk kutatásaink eredményeivel.
Végén csattan az ostor, mondják. Ezt a
lapszámunkat egy csattanos hír zárja.
A Miskolci Egyetemen jövőre végre
beindul a vegyészmérnök képzés. A
képzést a régió vegyipari óriásai,
Borsodchem-Wanhua, MOL Petrolkémia,
Kiss Chemicals már régóta sürgették, lévén
óriási a régió igénye a vegyészmérnökökre.

Budapest, 2018. december 1.

Mizsey Péter
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ABSTRACT

Keywords: renewable energy, solar panel,
solar collector, heat punp

This work is a part of the Aken
Energyproject, which might be realised
until 2030 in Germany. In this project,
an old-school building is turned into an
‘energyhouse’, which uses renewable
sources, such as heat pump and
photovoltaics for operation. The aim of
the calculations is to investigate whether
the waste water of a household can be
used as a heat source of the heat pump
to produce the household’s hot water for
space heating and domestic use, while
the surplus energy is provided with
photovoltaic panels or solar collectors.
The calculations highlight the most
crucial weakness of solar energy: the
seasonality of available solar energy
means that energy storage, huge panel
areas or auxiliary energy sources are
needed to cover the household’s
required energy in winter.

INTRODUCTION
Nowadays, primary energy consumption of
the world is based on fossil resources and
the overall primary energy consumption is
increasing year by year. This growth was
+0,9% in 2014, and +1,0% in 2015, well
below the 10-year average of +1,9% (BP
(2016)).
Processing fossil fuels release a huge
amount of carbon-dioxide, which causes
global warming. Besides, we also have to
consider that these fossil energy sources
are not renewable, they are going to be
depleted in the next 50 years.
The efficiency of an energy source can be
measured by the EROI (energy return on
invested) or EROEI (energy returned on
5
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energy invested) index. EROI index
answers our simple question: how much
useful energy we get from using an energy
source, while mining, transporting and
processing it (Weißbach, D. et al. (2013)).
The EROIs are calculated for the whole
life cycle that is why it is a common index
to compare the energy sources with.
Energy sources with EROI greater than 7
are considered as economically viable ones
(World Nuclear Association (2016)). As
the energy resources are depleting, the
EROI values also vary in time. EROI of
crude oil and natural gas was 100 in the
1930s, 30 in the 1970s and 18 ̶ 20 in the
2010s (Raugei, M., Fullana-i-Palmer, P.,
and Fthenakis, V. (2012)). According to
the optimistic estimations, the EROI of
crude oil and natural gas will reach the
value of 1 in 2040, but pessimistic
estimations claim it would happen in 2022
(Gupta, A.K. and Hall, C.A. (2011)). The
EROI of coal remained stable between 40 ̶
80 since the 1930s, because it is not as
close to depletion as crude oil and natural
gas (Raugei, M., Fullana-i-Palmer, P., and
Fthenakis, V. (2012)). In case of EROI
values below 1, more energy must be
invested while using the given energy
source than the useful energy we get from
it.

Thanks to my supervisor, I could take part
in a project related to the space heating and
hot water supply of 100 German
households. Building sector represents 15 ̶
40% in a nation’s total energy
consumption (Yang, L., Yan, H. and Lam,
J.C. (2014)), and up to 40% of energy
demand of the buildings is covered by
space heating and domestic hot water
usage (Howard, B. et al. (2012)). That is
why space heating and hot water supply
with heat pump and solar panels /
collectors have been examined for
residential households. In renewable
electricity
generation,
the
specific
installation costs of a wind-system are
higher than of a solar system’s, and the
higher the installed capacity, the lower the
specific installation costs (USD/kW)
(NREL (2016)).
Three concepts have been investigated:
1. Hot water for heating and for
shower, dishwashing, etc. is
produced with one heat pump and
with only solar panels or with only
solar collectors using the waste
water of the household as heat
source
2. Hot water for shower, dishwashing,
etc. is produced with heat pump
using the waste water of the
household as heat source
3. Hot water for heating and hot water
for shower, dishwashing, etc. is
produced with two heat pumps
using an external heat source.

The emissions of greenhouse gases and the
depletion of fossil resources indicate that
we need to search for alternative energy
sources like renewables. The Renewable
Energy Directive 2009/28/EC set up a
mandatory target of a 20% share of energy
from renewable sources in overall
Community energy consumption by 2020
(EP and EC (2009)). Germany already
started to swap to renewable sources like
wind and solar and shut down many of
their nuclear power plants.

CALCULATIONS
Main data and assumptions
The initial data validated by German
colleagues are listed below:
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4. Electric energy to heat energy
conversion efficiency is estimated
to be 100%.
5. Photovoltaic and solar collector
areas are calculated for the heating
period, because that is the soft spot
of the system.
6. Heat pumps are water-water heat
pumps in every concept.

Average water usage in Germany is
121
L/d/p
(litre/day/person)
(Statista (2018); Institute Water for
Africa (2016))
Water usage for lavatory is 27% of
total (EPA Watersense (2016);
EEA (2001))
Average household population in
Germany is 2.04 people (Destatis
(2016))
Average water usage per household
is 7.51 L/h/household
Average water flow of households
is 7.51 L/h/household
Average energy used in Germany
for space heating is 13 572
kWh/y/household (OVO Energy
(2016))
Heating period in Germany goes
from 1st October to 30th April –
212 days (Pro-Wohnen (2016)),
and
Average energy used for space
heating in heating period per
household is 9.6 MJ/h/household.

Assumptions for the photovoltaic system
(PV) are the following:







PV panel efficiency: =15 ̶ 20%
(Zaihidee, F.M. et al. (2016))
PV system’s performance ratio:
PR=0.75 (Baurzhan, S. and Jenkins
G.P. (2016))
Annual global horizontal irradiation
in Germany is 1 050 kWh/m2
(Solargis (2016))
Radiation in heating period: G=348
kWh/m2 (average calculated value
based on OpensolarDB (2016)).

According to (Photovoltaic-software.com
(2016); The Grid (2016)), PV panel size
can be calculated by the following
equation:

Average water usage per household and
average energy used for space heating in
the heating period per household are
calculated. During the analysis, the
following viewpoints were considered:

APV =

E
G ∗ η ∗ PR

(1).

The solar collector size is calculated by the
following equation (Nielsen, J.E. (ESTIF))

1. All calculations were carried out in
ChemCAD and MS Excel.
2. Calculations are rough estimations,
to see the feasibility of the
concepts.
3. We only calculated with average,
steady state values. Neither peaks
in water usage, nor heat pumps
start-up and shut-down are
considered here.

ASC =

E
0,33 ∗ G

(2).

Choosing the working fluid
As the coefficient of performance (COP)
varies significantly with the temperature
difference between the condenser and the
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reboiler ( T) and with the working fluid, it
was investigated how the system efficiency
varies with T for the following working
fluids:
ammonia,
butane,
propane,
isobutane
and
R245fa
(1,1,1,3,3Pentafluoropropane
refrigerant).
The
adiabatic efficiency is set to 75% by own
assumption, as suggested by ChemCAD.
As the works aim is to produce domestic
hot water for space heating and other uses,
the temperature range of water is 5 ̶ 75 °C.
The upper limit is the hot water
temperature for space heating, and the
lower limit is set up for preventing icing in
the reboiler. During the calculations,
minimal temperature difference in the heat
exchangers was set to 5 °C.






Waste water is cooling to minimum
5 °C to avoid icing in the reboiler
Upper temperature of the heat
pump is 80 °C, lower temperature
is 0 °C, that is T=80 °C
Efficiency of the electric heater is
100%, and
Half of the used water (3.755
L/h/household) is hot.

Hot water temperature in Germany is
stated to be 60 °C.
Hot water with heat pump
In this concept, the hot water for shower,
dishwashing, etc. is produced with heat
pump, using the waste water as a heat
source and the space heating is provided
with PV panels or solar collectors only.
The aim of this concept is to check,
whether the heat pump is able to produce
the hot water flow required by the
household, using waste water as a heat
source or not.

Hot water and space heating with heat
pump and solar panels / collectors
The first task was to investigate, whether
the heating and hot water supply of a
household can be provided with heat
pump, using the waste water as heat
source. According to the heat balance,
based on the waste water of the household,
the heat pump can produce at most the
required
hot
water
for
shower,
dishwashing, etc. Therefore, space heating
requires other sources, like solar panels or
solar collectors. In this case, heat pump
heats domestic cold water to 75 °C, and
this hot water is used for space heating,
dishwashing and shower. During the
calculations the following assumptions
were made:
 Domestic cold water temperature is
12 °C
 Cold water is heated from 12 °C to
75 °C for space heating and hot
water production
 Waste water temperature varies
between 13 and 17 °C

During the calculations, the following
assumptions were made:
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Domestic cold water temperature is
12 °C
Domestic cold water is used for hot
water production – it is heated from
12 to 60 °C
Waste water temperature varies
between 13 and 17 °C, and waste
water is cooled to minimum 5 °C to
avoid icing
Lower temperature of the heat
pump is 0 °C, upper temperature is
65 °C, and
Efficiency of the electric heater is
100%.
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Hot water and space heating with heat
pump
In this concept two heat pumps are used:
one for domestic hot water production and
one another for space heating. With two
heat pumps, we can decrease the energy
usage and increase the efficiency of the
system, because there is no need to heat the
domestic hot water to 75 °C. In this case,
our main goal is to produce the required
hot water for space heating and
dishwashing, etc. with heat pumps and the
heat pump uses the electricity generated by
PV panels. Heat source of the heat pumps
is treated water from a waste water
treatment facility.



RESULTS AND DISCUSSION
Choosing the working fluid
Based on the calculations, Figure 1 shows
how the COP varies with ΔT using
different working fluids.

During the calculations the following
assumptions were made:














Energy consumption of a German
household in heating period as
calculated from 2010 ̶ 2014 average
(World Energy Council Enerdata
(2016))
is
e=1926.6
kWh/household, and
The PV panel produces electricity
for the heat pumps and for the
household.

The COP decreases as the temperature
difference increases. Based on the data,
ammonia, butane and propane have been
chosen for further calculations. Isobutane
and R245fa are not suitable for the
operating temperature range, because of
the liquid present in compressor outlet.
Using a compressor, that could handle
liquid outlet, or using a heat exchanger to
overheat the working fluid vapour would
increase capital and operational costs.

Domestic cold water temperature is
12 °C
Heat pump 1 produces hot water
for shower etc.
Heat pump 2 produces hot water
for space heating
Hot water for space heating is
heated from 55 to 75 °C, and
domestic hot water is heated from
12 to 60 °C
Lower temperature of heat pump 1
is 0 °C and upper temperature is 65
°C
Lower temperature of heat pump 2
is 0 °C and upper temperature is 80
°C
Heat pump 2 is operating only
during heating period, and heat
pump 1 operates all year
Heat source temperature varies
between 10 and 30 °C
Heat source is considered as an
unlimited resource

Hot water and space heating using waste
water as a heat source
Calculation results are required for the
determination of solar panel / collector
space sizes and electricity usages for the
heat pumps. The heat pump efficiencies
and thermal capacities using different
working fluids are shown in Table 1.
In this case, the heat pump is not able to
produce the total hot water demand, just a
portion of it. That is why the solar panel or
solar collector has to produce additional
hot water not only for space heating but
9
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also for dishwashing, etc. The contribution
of the heat pump to the thermal energy

supply is

fairly low,

at

most

8%.

4,50
4,00

3,50
ammonia

COP

3,00

butane
2,50

isobutane
propane

2,00

R-245fa

1,50
1,00
50

60

70

80

90

100

DT, °C

Fig. 1. COP values depending on ΔT for different working fluids

Working fluid

Ammonia

Butane

Propane

2.72

2.5

2.01

COP
Thermal capacity, W

110 ̶ 165

115 ̶ 173 138 ̶ 207

Electricity
consumption,
kWh/heating period

206 ̶ 353

234 ̶ 352 349 ̶ 523

Table 1. COP, thermal capacity, electricity consumption values for one heat pump (1.
concept)
Therefore, the temperature difference of 75
°C in the heat pump is unnecessarily high.
This result is considered during the
calculations of the second concept, when
the upper temperature of the heat pump
was lowered to 65 °C. This way, the
operating costs, electricity consumption
can be reduced.

In case we want to produce the required
thermal energy for space heating and
domestic hot water the required space for
solar collector when using ammonia and
butane as a working fluid is 118 ̶ 119 m2,
and with propane, the required solar
collector area varies between 117 ̶ 118 m2.
Solar collector is only able to produce hot
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water for the household. Therefore
electricity usage of the household and
electricity consumption of the heat pump
have to be provided by an alternative
renewable energy source, or the household
has to use the electricity coming from the
grid. Photovoltaic panels offer the
possibility of generating electricity for the
household and for the heat pump too. The
following two concepts were investigated:

2. PV panel produces electricity for
space heating, domestic hot water
and electricity consumption of the
household including the heat pump.
Hence the electricity consumption of the
heat pump is four times less than of the
household there is no point in investigating
the concept of ‘the PV panel produces
electricity, hot water of the household and
the heat pump uses electricity from the
grid’. The results of the concepts can be
seen in Table 2.

1. PV panel produces electricity for
space heating and domestic hot
water, and the household uses
electricity from the grid

Working fluid

Ammonia

Butane

Propane

PV produces electricity for
space heating and hot water,
m2

264 ̶ 359

263 ̶ 359

260 ̶ 356

PV produces electricity for
space heating, hot water, heat
pump
and
household,
2
m

308 ̶ 414

307 ̶ 414

307 ̶ 414

Table 2. Required PV area using one heat pump and the household's waste water as a heat
source (1. concept)
As Table 2 indicates, in case the household
and the heat pump take electricity from the
grid, the required PV panel size decreases
from ammonia to propane. This is the
result of the different thermal capacities of
the heat pumps: ammonia provides the
lowest, and propane the highest thermal
capacity (seeTable 1). In case we consider
the compressor duty, the required PV panel
sizes do not differ from each other for
different working fluids.

Hot water using waste water of the
household as a heat source
In this concept, the upper temperature of
the heat pump is 65 °C and the cold water
is heated to 60 °C. Like to the first concept,
the waste water temperature varies
between 13 and 17 °C. Table 3 shows
COP, thermal capacity and electricity
consumption of the heat pump.
In this case, the heat pump only produces

11
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domestic hot water and space heating is
provided by other sources (solar PV panel
or solar collector). Depending on the
working fluid different ratios of the hot
Working fluid

water demand could be covered by the heat
pump: in case of ammonia 48 ̶ 71%, of
butane 48 ̶ 73% and of propane 52 ̶ 78%.
The results show, that the heat pump
Ammonia

Butane

Propane

3.3

3.2

2.8

Thermal capacity, W

99 ̶ 149

101 ̶ 152

108 ̶ 162

Electricity
consumption,
kWh/heating period

152 ̶ 227

161 ̶ 242

196 ̶ 294

COP

Table 3. One heat pump ̶ COP, thermal capacity, electricity consumption values (2. concept)
is not able to produce the total hot water
demand when using the waste water of the
household as a heat source. That is why the
solar collector or PV panel has to produce
energy for space heating and for hot water
production.

for the household too. As for PV panels it
has been investigated whether the
household’s electricity comes from the grid
or the photovoltaic panel produces it. As in
the previous concept, the maximum panel
size value is calculated with 15% panel
efficiency and 13 °C waste water
temperature, and the minimum with 20%
panel efficiency and 17 °C waste water
temperature. Table 4 summarises the
calculations’ results.

Use of ammonia and butane requires 121 ̶
123 m2 collector space, and of propane
120 ̶ 123 m2.
Use of PV panels instead of solar
collectors allows us to produce electricity

Ammonia

Butane

Propane

PV produces electricity for
space heating and hot water,
m2

266 ̶ 361

266 ̶ 361

265 ̶ 360

PV produces electricity for
space heating, hot water, heat
pump
and
household,
2
m

307 ̶ 414

307 ̶ 414

307 ̶ 414

Working fluid

Table 4. Required PV area using one heat pump and waste water of the household as a heat
source (2. concept)
As Table 4 indicates the required PV panel
area is very slightly affected by the applied
working fluids due to the heat pumps

similar thermal capacity. Comparing the
two concepts is it necessary to find the
optimal solution for the energy supply of
12
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the household. Using the waste water of
the household as the heat source of the heat
pump is a limiting factor due to its low
thermal capacity. Operating temperature
range of the heat pump also limits its
energy consumption. As the results show,
using water source heat pump, the required
solar panel space is 264 ̶ 360 m2 if the
household takes electricity from the grid,
and the PV panel produces electricity for
an electric heater, which produces hot
water for space heating and dishwashing,
etc., or only for dishwashing. If the PV
panel produces the household’s electricity
too, the required solar panel area is 306 ̶
414 m2. According to the result, the heat
pump is only able to produce the half ̶
two-third of the household’s hot water
demand if the temperature difference in the
heat pump is 65 °C, and two-third, if the
temperature difference is 75 °C. Although
the reduction of the temperature difference
between the condenser and reboiler on the
heat pump increases COP and reduces
Working
fluid

operating costs, the decreasing thermal
capacity leads to an increase in the
required PV panel area. Using an airsource-heat pump could be a more efficient
way to produce hot water for space heating
and dishwashing, etc., hence air acts like
an unlimited source of heat. In this case,
the size of the air-water heat exchanger and
icing in the reboiler should be considered.
Hot water production and space heating
using an unlimited liquid heat source
According to the German colleagues, there
is a waste water treatment facility near
their future energyhouse, therefore there is
an unlimited treated water heat source. In
this case, hot water for the household is
provided by two heat pumps. Heat pump 1
produces hot water for dishwashing,
shower, etc. and heat pump 2 ̶ hot water
for space heating. These heat pumps
produce 100% of the required hot water for
the household. Table 5 shows some
characteristics of the heat pumps.

Ammonia

Butane

Propane

COP1

3.34

3.2

2.81

COP2

2.72

2.51

2.02

Q1, MJ/h

0.753

0.753

0.753

Q2, MJ/h

9.6

9.6

9.6

Table 5. Application of two heat pumps: heat pump characteristics
In Table 5, low index 1 refers to heat pump
1 (for hot water production), and 2 refers to
heat pump 2 (for space heating). COP of
the first heat pump is higher, because the
first heat pump operates at temperature
difference of 65 °C, while heat pump two
operates at 80 °C temperature difference.

As the temperature of the heat source
changes during the time, the required mass
rate of the heat source varies also.
Assuming the heat pumps continuous
operation (24 hours / 7 days), the amount
of heat source required can be seen on
Figures 2 and 3.
13
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The higher the temperature of the heat
source, the less is its required mass rate. As
Figures 2 and 3 indicate, the least amount
of heat source is required at the use of
propane as a working fluid. However, use

Working fluid

of propane as working flow increases the
operating cost. Considering the results, the
household’s electricity consumption in the
heating period is as follows (see Table 6).

Ammonia

Butane

Propane

Heat pump 1 - hot water,
kWh

319

333

379

Heat pump 2 - space heating,
kWh

4 986

5 399

6 726

Other
household
consumption, kWh

1 927

1 927

1 927

Total consumption, kWh

7 232

7 659

9 032

Table 6. Two heat pumps ̶ electricity consumption of the household in the heating period for
various working fluids

Working fluid

Ammonia

Butane

Propane

Household from PV, HPs from
grid, m2

37 ̶ 49

37 ̶ 49

37 ̶ 49

Household + HP1 from PV, HP2
from grid, m2

43 ̶ 57

43 ̶ 58

44 ̶ 59

HPs from PV, household from
grid, m2

102 ̶ 135

110 ̶ 146

136 ̶ 181

HPs, household from PV, m2

139 ̶ 185

147 ̶ 196

173 ̶ 231

Table 7. Two heat pumps: the required heat pump area in the heating period for various
working fluids (HP ̶ heat pump)
Table 7 shows the calculation results for
the case when photovoltaic panels produce
electricity. In Table 7 the minimum value
is calculated at 20% PV efficiency, while
the maximum ̶ at 15% panel efficiency.

much as in those cases, because of the
availability of an unlimited heating source.
Issues with the photovoltaic system
Although the calculated PV systems are
able to produce the required amount of
energy in average, in winter, these systems
heavily rely on sunshine. Panels cannot
produce more energy than the available

Comparing the results to the ones of the 1st
and 2nd concepts (see Tables 2 and 4), it
seems that the required PV area is half as
14
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household and the available ‘sunshine’ on
a monthly basis can be seen on Figure 4.

radiation. Without heat pump and
photovoltaics, the energy demand of the
30
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Fig. 2. Hot water production: heat source mass rate vs. temperature graphs for different
working fluids
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Fig. 3. Space heating: heat source mass rate vs. temperature graphs, for different working
fluids
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Fig. 4. Household's energy demand vs. horizontal irradiation during the year
As Figure 4 demonstrates, in the heating
period irradiation is less available than in
summer, and the household’s energy
demand is much lower in summer.
Although in the heating period the
irradiation’s distribution is not even, 70%
of the total irradiation in the heating period
occurs in March, April and October. Hence
we cannot produce more electricity than
the irradiation allows, the electricity
production of the PV panels also varies
during heating period.

with an average value of irradiation in the
heating period, PV-produced electricity fits
the household’s demand in average; an
appropriate storage technology (e.g. home
battery) or an auxiliary system is needed to
deliver the required electricity in months
with solar irradiance deficits.
In case a storage technology is applied in
the system, the PV areas for the ‘2 heat
pump, infinite heat source’ concept for the
whole year were calculated (see Table 8).
The PV areas were calculated with G = 1
050 kWh/m2/year horizontal irradiation.
Comparing the data to the ones in Table 7,
the required PV areas are significantly
smaller when calculating for the whole
year. Calculating for the whole year
instead of only for the heating period
means taking into account the low
electricity productions
in
January,
February, November and December.

Figure 5 shows the issues connected to the
‘one heat pump, heat source is the
household’s waste water’ concept.
According to Figure 5, in March, April and
October the photovoltaic panel produces
more electricity than the energy demand,
and in January, February, November and
December PV panels deliver less energy
than the demand. However, calculating
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Fig. 5. Required energy of the household vs. produced energy with heat pump (HP) and
(photovoltaic) PV during the heating period (heat source ̶ waste water of the household)

Working fluid

Ammonia

Butane

Propane

Household from PV, HPs
from grid, m2

21 ̶ 28

21 ̶ 28

21 ̶ 28

Household+HP1 from PV,
HP2 from grid, m2

25 ̶ 33

25 ̶ 33

25 ̶ 34

HPs from PV, household
from grid, m2

35 ̶ 47

38 ̶ 51

47 ̶ 62

HPs, household from PV, m2

56 ̶ 75

59 ̶ 79

68 ̶ 91

Table 8. Two heat pumps – the required heat pump area (for the whole year)
Calculating for the whole year and
calculating for the heating period shows

be required than in case of designing for
the whole year, and the amount of
electricity produced also differ. For whole
year calculations, in average, the produced
electricity equals to the electricity demand,
but the electricity produced in summer has
to be stored in order to provide the

the same pattern: underproduction of
energy when the irradiation is low and
overproduction when the irradiation is
high. If we design the panels for the
heating period, much larger PV area may
17
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required electricity in winter months.
Designing for the heating period may lead
to more electricity production, than the
whole year demand and higher storage
capacity is needed. According to the
calculations, it might be worth designing
the PV panel area for the whole year in
spite of the lower production in winter
months, because in both cases a storage
capacity or auxiliary energy source is
needed.

calculated considering the heat sources of
the heat pump(s). Two heat sources were
investigated:
the
waste
(excluding
lavatory) water of the household and
treated water from a nearby waste water
treatment facility. In the first case, the
thermal energy was limited by the waste
water flow rate, and in the second case the
heat source was considered as unlimited.
In case we use the waste water of the
household as the heat source of the heat
pump, the heat pump is only able to
produce a portion of the hot water demand
of the household for shower, dishwashing,
etc. When changing the working fluid from
ammonia to propane, the hot water
production
increases,
electricity
consumption of the heat pump increases
and in parallel, efficiency (COP) decreases.
Solar panel and solar collector areas show
the same pattern: as the amount of hot
water produced by the heat pump
increases, the collector / panel areas
decrease. Solar collectors are only able to
produce hot water, while solar photovoltaic
panels produce electricity which can be
used for both hot water and electricity
production. Therefore, using solar panels
instead of solar collectors is advised. To
eliminate the limiting factor (waste mass
rate), using an air-source-heat pump is an
appropriate option, but icing and the size
of air-water heat exchanger should be
considered. To operate a German
household on 100% renewable source with
photovoltaic panels and heat pump, the
required amount of horizontal PV panel
area is 307 ̶ 414 m2.

Evaluating the results, the following
should be considered:
1. Each calculation is made for an
average consumption, peaks in
water usage and heat pump start-up
is not considered.
2. Each PV area is calculated with
horizontal
irradiation,
which
indicates horizontal panel position.
Tilting the panels may reduce the
required PV panel area that is why
finding the optimal tilt and tilted
irradiation data for the desired
location is a key for using these
calculations.

SUMMARY
In this work the winter energy supply
based on renewable sources has been
investigated for a German household. Main
concepts were to produce the required hot
water for space heating and for domestic
uses (dishwashing, shower, etc.) of the
household with photovoltaic panels and
heat pump, or with solar collectors and
heat pump. Three different working fluids,
ammonia, butane and propane were taken
into account. The required photovoltaic
and solar collector areas have been

In case the heat pump has an unlimited
heat source, like treated water from a waste
water treatment facility, the heat pump
produces 100% of the required hot water
18
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only for the household and the ‘hot water’
heat pump, while the heat pump for space
heating takes electricity from the grid. This
way, a much smaller photovoltaic panel
area is required.

demand for space heating, shower,
dishwashing, etc. Calculations were made
for two heat pumps, where one produces
hot water for space heating and the other
one for domestic uses. In this case, the
same pattern can be seen as in the previous
concept: the COP decreases when
changing from ammonia to propane and in
parallel
heat
pump’s
electricity
consumption increases. Heat pump
responsible for space heating operates only
during the heating period and heat pump
responsible for hot water operates all year.
In case the German household is operated
with heat pumps with unlimited heat
source and photovoltaic panels, the
required horizontal PV panel area ranges
between 139 ̶ 231 m2.

Hence all calculations are made for
horizontal panels, finding the optimal tilt
and tilting the panel may reduce the
required PV panel sizes.
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„few explicit linkages of the circular
economy
concept
to
sustainable
development” (Kirchherr, J., & Reike, D.
and Hekkert, M.P. (2017)). Now, we focus
on the most frequently used theories and
definitions used in the practice.

ABSTRACT
The
article
reviewes
some
interpretations of the term ’circular
economy’ frequently used in theory and
practice (incl. in the chemical industry),
then highlights the main differences
between
circular
economy
and
industrial ecology (the ’brand issue’)
and finally briefly assesses the
relationship between the circular
economy and Industry 4.0 revolution.

An extended review of previous two
decades’ literature on circular economy
development (Ghisellini, P. & Cialani, C.
and Ulgiati, S. (2016)) covers „origins,
basic
principles,
advantages
and
disadvantages,
modelling
and
implementation of” circular economy „at
the different levels (micro, meso and
macro) worldwide.”

Keywords: circular economy, advanced
economy, industrial ecology

INTRODUCTION
SOME
THEORETICAL
INTERPRETATIONS
OF
CIRCULAR
ECONOMY

There is not a single, set in stone definition
of circular (aka economy in loops, cradleto-cradle and close-looped) economy.
Furthermore, many other terms with
overlapping targets and contents are in use.

Reportedly, term ’Cradle-to-Cradle’ (aka
close-looped or circular economy) was
coined by Swiss architect, professor Stahel,
W. during a waste discussion in the 1970’s
years (MakingItMagazine.net (5 July
2013)).

In 2017, Kirchherr, J., Reike, D. and
Hekkert, M.P. published a review and
assessment of gathered by them 114
circular economy definitions. They
concluded „that the circular economy is
most frequently depicted as a combination
of reduce, reuse and recycle activities”…
aiming mainly at „economic prosperity
followed by environmental quality” with

Term ’economy in loops’ (aka ’circular
economy’) was introduced by Reday, G.
and Stahel, W. (Reday, G. and Stahel, W.
(1977). They delivered „the vision of an
22
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economy in loops (or circular economy)
and its impact on job creation, economic
competitiveness, resource savings, and
waste prevention.” Stahel, W. has
established the Product Life Institute in
Geneva in 1982. Its recent visionary
sustainable economy and society rests on
five pillars, nature conservation, limited
toxicity, resource productivity, social
ecology and cultural ecology (Product-Life
(2017)).

human health and / or the environmental
would be damaged. And finally
- A life-supporting system for humans and
non-humans, due to the inherent
biological character of the environment.
It may be damaged by the economic
activity, wastes affect life-supporting
system of the environment.
Figure 1 (published in the above
mantioned source as Fig. 3) summarises
the listed economic functions, the linkages
between them and the circular economy,
itself. It illustrates that in a circular
economy residual wastes of the traditional
(linear) production processes are to be used
as inputs, thus minimising demand for
natural resources (reserves).

Term ’circular economy’ has been
reinvented and explaned in more details by
British environmental economists Pearce,
D.W. and Turner, R.K. in their textbook
(Pearce, D.W. and Turner, R.K. (1990)).
They addressed the interlinkages of the
next four economic functions of the
environment:

Thus, the circular economy is regarded as
the opposite and the potential substitute of
the linear (aka open-looped) economy, a
product of the first industrial revolution
(1784), relying on the ’extraction of raw
materials – transformation into a product –
consumption of the product – production
of waste’, or in other words the ’make –
use – disposal’ chain.

- Amenity values („things considered to
be necessary to live comfortably”
as
Cambridge
English
dictionary
describes), e.g. a beautiful landscape,
flora and fauna. They may be damaged
by the economic activity, wastes affect
amenity values
- Resource base, renewable (RR) and
non-renewable (exhaustable resources –
ER) inputs for the economy.
Renewables (e.g. biological sources)
can be ’harvested’ (H) (gathered in)
with no or limited impact, as long as the
harvest does not exceed the annual yield
(Y) (the produced amount). It is clear,
that non-renewable resources (e.g. fossil
fuels) are to be depleted after a time
period, but depletition is possible for
renawables also
- A sink (waste bin) (W) for residual
flows (waterborne, airborne or solid
emissions). Once the assimilative
capacities (A) of the human body and /
or the environment are exceeded,

Law of conservation of mass discovered by
the French Antoine-Laurent de Lavoisier,
’father of modern chemistry’ (1743 ̶ 1794),
i.e. “nothing is lost, nothing is created,
everything is transformed” ("rien ne se
perd, rien ne se crée, tout se transforme"),
is seen by many people as laying the basis
for the circular economy. This expression,
from his 1789 Elementary Treatise of
Chemistry (Traité Élémentaire de Chimie)
is similar to Anaxagoras’s statement (c.
500 BC – 428 BC) a Pre-Socratic Greek
philosopher from Clazomenae in Asia
Minor statement: „…nothing comes into
being or is destroyed; but all is an
aggregation or secretion of pre-existent
things: so that all-becoming might more
correctly be called becoming-mixed, and
23

Circular Economy and Environmental Protection, vol. 2, issue 2. (2018)
Körforgásos Gazdaság és Környezetvédelem, 2. évfolyam, 2. szám (2018)
__________________________________________________________________________________

all corruption, becoming-separate” quoted in Heinrich Ritter, Tr. from German
by
Alexander
James
William
Morrison, The
History
of
Ancient

Philosophy, Vol.
1 (1838)
(https://en.wikiquote.org/wiki/Anaxagoras)
.

Figure 1. The circular economy according to the denominators (Peace, D.W. and Turner,
R.K. (1990))
The
Ellen
MacArthur
Foundation
(established in 2010 „with the aim of
accelerating the transition to the circular
economy”) describes a circular economy
as „one that is restorative and
regenerative by design, and which aims to
keep products, components and materials
at their highest utility and value at all
times, distinguishing between technical
and biological cycles. As envisioned by the
originators, a circular economy is a
continuous positive development cycle that
preserves and enhances natural capital,
optimises resource yields, and minimises

system risks by managing finite stocks and
renewable flows. It works effectively at
every scale” (EllenMacArthur Foundation
(2018A)). (Later British Dame Ellen
MacArthur set up a world record in 2005
in solo round-the-world sailing completing
the globe journey in less than 72 days and
facing the challenge of resource scarcity.
Dame Ellen’s another initiative is the
MacArthur Cancer Trust for „rebuilding
young people confidence” on the way „to
recovery from … serious illnesses”
(EllenMacArthur Foundation (2018B)).

24
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Fig. 2. Circular economy system diagram
1
Hunting and fishing
2
Can take both postharvest and postconsumer waste as an input
(source: Ellen MacArthur Foundation circular economy team drawing from Braungart &
McDonough and Cradle to Cradle (C2C) (EllenMacArthur Foundation (2018C))
Materials can be biological or technical. In
a biological cycle consumable goods after
consumption (of the food or cotton)
residues can go back into the system
through
biological
processes
like
composting or anaeorobic processes and
regenerate living systems. In a technical
cycle residues of durable goods can be
recovered
through
reuse,
repair,
remanufacture or (in the last resort)
recycling (see the ’butterfly’ on Figure 2.)
(EllenMacArthur Foundation (2018C)).
Additionally, durable products of the
technical cycles can be leased, rented,
shared, etc.

The Ellen MacArthur Foundation circular
economy team has identified four principal
sources of value creation in a circular
economy:
– Tighten the circle, i.e. minimise and
speed up the process for returning a
’waste’ into a modified use
– Maximise the number of consecutive
cycles and / or the time of each cycles
– Apply cascaded use across industries, i.e.
„diversify reuse across the value chain”,
and
– Use „pure” (uncontaminated) „/ non-
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toxic / easier-to-separate inputs and
designs” (WEF (2016)).

materials and products for sale through a
series of value-adding steps. At the point
of sale, ownership and liability for risks
and waste pass to the buyer (who is now
owner and user). The owner decides
whether old tyres will be reused or
recycled — as sandals, ropes or bumpers
— or dumped. The linear economy is
driven
by
'bigger-better-faster-safer'
syndrome — in other words, fashion,
emotion and progress. It is efficient at
overcoming scarcity, but profligate at
using resources in often-saturated markets.
Companies make money by selling high
volumes of cheap and sexy goods.

„The Ellen MacArthur Foundation and
Granta Design developed a method of
measuring one’s contribution to the
circular economy: the Material Circularity
Index. The index measures how restorative
a product’s material flows are on a scale
between 0 and 1. Depending on the type of
business you run, measuring your
circularity with a scale like this can put
your efforts into context and help you
measure
your
progress.
However,
sustainability consultant warns that the
MCI “isn’t necessarily scalable” and isn’t
viable for everyone” (Good360 (2017)).

A circular economy is like a lake. The
reprocessing of goods and materials
generates jobs and saves energy while
reducing resource consumption and waste.
Cleaning a glass bottle and using it again is
faster and cheaper than recycling the glass
or making a new bottle from minerals.
Vehicle owners can decide whether to have
their used tyres repaired or regrooved or
whether to buy new or retreaded
replacements — if such services exist.
Rather than being dumped, used tyres are
collected by waste managers and sold to
the highest bidder.

As professor Stahel, W. argued in 2013,
”The reason why I prefer the term ‘circular
economy’ or ‘loop economy’ to ‘cradle to
cradle’ is the word economy, because it is
the economics that, for me, are the most
important thing. And if we look at the
economics, then it’s very clear that the
smallest loops – in other words, reusing,
repairing, re-manufacturing and remarketing goods and components in an
industrial context – is where you get the
biggest financial benefit, that being the
lowest price for the consumer or the
highest profit margin for the manufacturer.
When considering economic factors, one
also needs to consider what will create the
highest ecological benefit. For example,
it’s vital to know what the embodied or
‘virtual’ water ratio of materials is when
you are creating new products”
(MakingItMagazine.net (5 July 2013)).

A performance economy goes a step
further by selling goods (or molecules) as
services through rent, lease and share
business models. The manufacturer retains
ownership of the product and its embodied
resources
and
thus
carries
the
responsibility for the costs of risks and
waste. In addition to design and reuse, the
performance economy focuses on solutions
instead of products, and makes its profits
from sufficiency, such as waste
prevention” (Stahel, W. (2016)). In other
words, a performance economy means
more intensive and / or longer use of
products. In most cases the same service
level could be delivered with fewer

Concluding this section with the words of
professor Stahel, W., „there are three kinds
of industrial economy: linear, circular and
performance.
A linear economy flows like a river,
turning natural resources into base
26
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having surpassed ecological limits” (in:
Ghisellini, P, Cialani, C. and Ulgiati, S.
(2016). In other words, circular and
performance economies have reverse
effects on the GDP growth rates.

products, thus embracing collaborative
consumption (the idea of Nobel memorial
prize winner in economic sciences Elinor
Ostrom)
instead
of
individual
consumption. Longer use of industrial
products could reduce demand for
replacement. Postponement of new product
purchases through more intensive use of
products, i.e. ‘sustainable consumption’
would reduce direct and in some cases
indirect GHG emissions. For example,
demand for iron and steel products can be
reduced through meeting safety codes
accurately (without exaggerations) and
replacing buildings not as frequently. More
efficient use of fertilizers in the agriculture
can lead to lower GHG emissions in the
chemical industry (Fischedick, M. et al
(2014)).

SOME
PRACTICAL
INTERPRETATIONS
OF
CIRCULAR
ECONOMY
Today the main promoters of the circular
economy are the Ellen MacArthur
Foundation, China, the European Union,
and the USA.
The Ellen MacArthur Foundation among
others has been publishing reports on
circular economy since 2012 (see
https://www.ellenmacarthurfoundation.org/
). It launched the Circular Economy 100,
„a pre-competitive innovation programme
established to enable organisations to
develop new opportunities and realise
their circular economy ambitions faster. It
brings
together corporates, governments
and cities, academic institutions, emerging
innovators and affiliates in a unique multistakeholder platform.”

Finally, circular economy (CE) with its
’protection and regeneration of natural
resources / efficient resource use’ and
’material / product life extention’
requirements is to facilitate sustainable
economic growth.
In addition to that, „the circular economy
is seen as an intermediate objective
towards the ultimate goal of decoupling
economic
growth
from
resource
consumption… Europe seems to strive
towards absolute decoupling; there is the
risk that only relative decoupling can be
achieved due to the so-called “rebound
effect”, that is the risk for eco-efficiency
strategies at micro level that improvements
in productivity of resources do not
translate into a reduction of resource use,
but rather into an increase of them CE
should be seen as a transition to a new and
different business model, where wellbeing
is decoupled by resource consumption…
CE could help the transition to a degrowth
path (less resource use with increasing
wellbeing) that seems inevitable in
particular in industrialized economies

In China a law for the promotion of the
circular economy has entered into force in
the beginning of 2009. According to the
law, circular economy is „a generic term
for the reducing, reusing and recycling
activites conducted in the process of
production, circulation and consumption.
… Term ’reducing’ „refers to reducing the
consumption of resources and the
production of wastes…; term ’reusing’
refers to using wastes as products directly,
using wastes after repair, renewal or
reproduction or using part or all wastes as
components of other products…; and term
’recycling’ refers to using wastes as raw
materials directly or after regeneration.”
(lawinfochina (2018)). „It operates at three
levels: enterprises with cleaner production;
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ecoindustrial parks or zones; and
integration of production and consumption
at the city or province level. The major
focus of this law is on pilot programs.
Interestingly, the motivation was not
environmental,
but
economic
development” promoted by the National
Development and Reform Commission
(Environmental Law Institute (2016)).

economies could accelerate adoption of
circular economy practices at a global
scale, creating potential for a ‘system shift’
towards a low carbon, regenerative
economy” (European Commission (2018)).
In the USA, there is at present no federal
mechanism dealing with the circular
economy as a whole. The degree to which
various circular economy initiatives are
adopted very much depends on each state.
Some states enthusiastically apply the
principle of the 3Rs (reduce, reuse,
recycle): California - probably the most
advanced state in this regard - introduced a
zero waste objective into its legislation in
2002. Other states have launched no
particular initiatives (Institute Montaigne
(2016)).

According to the recent European
Commission’s paraphase used in its
Circular Economy Package in a more
circular economy „the value of products,
materials and resources is maintained in
the economy for as long as possible, and
the generation of waste minimised…The
actions support the circular economy in
each step of the value chain – from
production to consumption, repair and
remanufacturing, waste management, and
secondary raw materials that are fed back
into the economy” (European Commission
(2015)).

According to the European chemical
industry association (CEFIC) the circular
economy „can be achieved both by
avoiding unnecessary material and energy
losses throughout the life-cycle of products
and maximising value by keeping
resources circulating in loops, after first
usage, many more times than today…and
should be based on the …principals” of:
life-cycle thinking, holistic value-chain
approach and safety first (CEFIC (2018).
The circular economy can be facilitated by
e.g. „reusing and recycling existing
molecules that are tied up in end-consumer
products that have reached the end of their
lives; creating products that are more
durable, suitable for sharing and energy
efficient” (Elser, Br. and Ulbrich, M.
(Accenture) (2017)). Thus, „chemical
economy will disrupt conventional
chemical value chains (e.g. assets,
capabilities, partners)”; „Circular economy
changes the business model of selling
molecules. Chemical industry should
„prepare for shift from volume to value
and from selling products to circulating
molecules” (Accenture (2016)).

The Junkler European Commissison’s
Circular Economy Package was introduced
in December 2015, following the former
Barroso Commission’s earlier package
(July 2014), then a public consultation
(May – August 2015) and a Brussels
conference (June 2015) on the issue. It
included four legilative proposals on waste
and a communication. The four legislative
proposals aimed at revising six pieces of
EU legislation: waste framework, landfill
and packaging directives as well as
directives on end-of-life vehicles, batteries
and accumulators, and waste electrical and
electronic equipment (WEEE).
China and the European Union (EU),
world leaders in circular economy policy,
signed a „Memorandum of Understanding
on Circular Economy Cooperation at the
20th EU-China Summit in Beijing on 16th
July”, 2018. „Transition to a circular
economy in the world’s two largest
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Fig. 3. Five molecule circulation loop (Accenture 2016, 2017) (Elser, Br. and Ulbrich, M.
(Accenture) (2017))
„Moving into a circular economy … will
take time. Assuming that 20 percent of the
European chemical industry’s capital
spending will be channeled into circulareconomy projects, it would take 35 to 60
years to build the chemical circulating
loops...” (Elser, Br. and Ulbrich, M.,
(Accenture) (2017)).

„Up to 70% of the European chemical
industry molecules provided to customer
industries and end-users can be
recirculated using all five loops.” Here,
cycles (see Figure 3) can be interpreted as
follows:
1. Substituting

raw materials with
renewable
feedstocks
(e.g.
bioethanol)
2. Increased
re-use of end-user
products, e.g. re-used PET bottles
3. Mechanical
recycling,
e.g.
recycling
of
thermoplastics
(become plastic on heating and
harden on cooling, repeatedly)
(keep molecules intact)

THE ’BRAND ISSUE’
As the previous chapters illustrate there is
not a single definition of circular economy
and many other terms with overlapping
targets and contents are in use. Definitions
converging towards one main objective:
sustainable economic growth Many
definitions are focused on efficiently using
resources and prolonging the life of
materials through recycling and reuse. In
particular, the European Union refers to
such a definition. This is how the European
Commission described the model when it
published the Circular Economy Package

4. Chemical

recycling, e.g. by
cracking or gasification, and
5. Energy recovery and
carbon
utilisation,
e.g.
producing
chemicals (e.g. methanol, transport
fuel) from captured CO2 via
catalytic reaction (Elser, Br. and
Ulbrich, M. (Accenture) (2017)).
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in December 2015 (European Commission
(2015))..

identified, such as: conceptual, technical
and policy aspects. Finally, new CE based
researches from an IE perspective with
bibliometric analysis and with co-citation
networks
are
possible,
including,
solid waste management and policies.”
„Table . presents the main contributions of
IE to CE based on the information
identified in the bibliometric analysis and
the three principles of CE, as cited by the
Ellen MacArthur Foundation, 2016. It
shows the different IE tools that can be
applied in the second CE principle” (see
Table 1).

A question may arise: what is the
difference between industrial ecology (IE)
and circular economy (CE). A bibliometric
analysis (Saavedra, Y.M.B. et al. (2018))
of 43 circular economy publications issued
between from 1989 on and in 2010
concluded that „the evolution of CE would
not be possible without the existence of IE
concepts and tools, especially with tools
such as Industrial Symbiosis (IS) and EcoIndustrial Parks (EIPs). Furthermore, three
levels of IE contribution to CE were
Contribution of IE

CE principles based on Ellen McArthur
Foundation

-Study the material and energy flows and their Preserve and enhance natural capital by
application.
controlling finite stocks and balancing
-Introduce the principles of the biological ecosystem renewable resources flows.
in the industrial ecosystem
-Transform the linear and semi-circular flows to
circular or close flows.
-Eliminate the dependence on the finite stocks and
reuse the waste generated into the system.
-Provide material flow analysis in a complex system.
-Use IS and EIPs.
-Use waste as by-products.
-Use strategies such as: reuse, recycling, repair and
remanufacturing.
-Extended the life cycle of products.
-Do more with less (dematerialization)
-Develop more services than products (PSS).
-Use the Design for Environment or Ecodesign.
-Implement Cleaner Production in the companies.

Optimize resource yields by circulating
products, components and materials in
use at the highest utility at all time in
both technical and biological cycles.

-Use the indicators to monitor the system
effectiveness.
-Research aimed at developing new ways for CE
transition.
-Implement national and international economic
development policies.

Foster system effectiveness by
revealing and designing out negative
externalities.

Table 1. Main contributions of industrial ecology to circular economy (IS – industrial
symbiosis, EIP – eco-industrial park, PSS – pruduct service system) (Saavedra, Y.M.B. et al.
(2018))
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As the authors state, „CE evolution over
time would not be possible without the
existence of IE concepts and tools.” Lifset,
R., founder and editor-in-chief of Yale’s
journal ’Industrial Ecology’ suggests that
„industrial economy is the science of the
circular economy” (Lifset, R. (2017)).

manufacturing
industry,
which
is
accelerated by exponentially growing
technologies, like for example intelligent
robots, autonomous drones, sensors and
3D-printing
(Bundesministerium
für
Bildung und Forschung 2016). Other terms
appearing along with Industry 4.0 are the
“digital transformation”, the “Internet of
Things” or the “Industrial Internet (of
Things)”. These terms are also applied
interchangeably with the notion Industry
4.0 and the last two are used more
commonly in the United States and the
English-speaking world (Deloitte 2015).
Furthermore other companies like for
example Cisco are using the term “Internet
of Everything” (De The Dialog, Bernardini
2015). All these notions are referring to
similar technologies and applications, but
can have different origins and meanings.
Whereas Industry 4.0 is focused
specifically on the manufacturing industry,
terms like the Internet of Things, the
Digital Revolution and the Internet of
Everything are more focused on enabling
and accelerating the adoption of internetconnected technologies across industries,
both
manufacturing
and
nonmanufacturing. Nevertheless, what all
these terms and concepts have in common
is the recognition that traditional
manufacturing methods are run through a
digital transformation (Deloitte 2015)” (in:
Blunck, E. and Werthmann, H. (2017)).
Industry 4.0 applications can serve as
enabler for a circular economy through the
potential of emerging technologies along
value drives (using resources and
optimising processes, utilisation of assets,
labour productivity, management of
inventories, quality improvement, match of
supply and demand, reducing time to
market,
service
and
aftersales,
interconnected value chaines, potential of
emerging business models) (Blunck, E. and
Wertmann, H. (2017)).

Another source also concluded that „the
circular economy builds on industrial
ecology’s concepts for the analysis of
industrial systems operation (industrial
metabolism) and optimisation…, scaling
them up to an economy-wide system to
establish a new model of economic
development, production, distribution and
recovery of products… In circular
economy, products and processes are
redisigned to maximize the velue of
resources through the economy with the
ambition to decouple economic growth and
resource use” (in: Ghisellini, P, Cialani, C.
and Ulgiati, S. (2015)).
THE INDUSTRY 4.0
CIRCULAR ECONOMY

AND

THE

„The first time the notion “Industry 4.0”
(derived from the German term “Industrie
4.0”) was mentioned in public, was at the
“Hannover trade fair” in 2011, Germany
(Kagermann, Lukas, & Wahlster 2016).
The following initiative set by the Federal
Ministry of Education and Research,
Germany (BMBF, Bundesministerium für
Bildung und Forschung), also called
“Industry 4.0”, intends to encourage the
German manufacturing industry to prepare
for
the
future
of
production
(Bundesministerium für Bildung und
Forschung 2016). In the meantime the term
Industry 4.0 is also widely used across
Europe. Consequently the term Industry
4.0 the term Industry 4.0 is also widely
used across Europe. Consequently the term
Industry 4.0 describes nowadays in general
the digital transformation of the
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The fourth industrial revolution „has the
potential to eliminate waste altogether. It
supports circular business models that only
consume renewable resources and keep
materials from finite stocks in an infinite
loop”. The „various technologies under the
umbrella of Industry 4.0 serve as a major
enabler
of
circular
strategies”,
incl. Internet of Things (IoT) & data
analytics,
robotics,
and
additive
manufacturing or 3D printing (van den
Beukel, J.-W. (PWC) (2017)).

sustainable manufacturing and its
potential for a circular economy,
preliminary communication, [online]
file:///B:/Downloads/48_Blunck_Werth
mann%20(2).pdf) [Accessed 23 Sept.,
2018].
CEFIC (2018), Circular economy:
contributing to sustainable growth,
[online]
http://www.cefic.org/PolicyCentre/Innovation/Circular-Economy/)
[Accessed 23 Sept., 2018].
EllenMacArthur Foundation (2018A),
Circular
Economy,
[online]
https://www.ellenmacarthurfoundation.
org/circular-economy) [Accessed 18
Febr., 2018].

As a Deloitte analysis (Van Thienen, S. et
al. (2016)) indicates key objectives of the
chemical industry are productivity
improvement and risk reduction to be
reached by smart manufacturing (marrying
information technology and operations
technology) and new supply chain
planning (safety management and demand
forecasting). Smart manufacturing should
cover predictive asset management,
process management and control, energy
management, safety management, and
producton simulation.

EllenMacArthur Foundation (2018B),
Official website of Ellen MacArthur,
[online]
https://www.ellenmacarthur.com/
[Accessed 23 July, 2018].
EllenMacArthur Foundation (2018C),
Circular
Economy,
[online]
https://www.ellenmacarthurfoundation.
org/circular-economy/schools-ofthought/regenerative-design [Accessed
18 Febr., 2018].
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Összefoglaló beszámoló a ’28th European Symposium on
Computer Aided Process Engineering (ESCAPE28)’
rendezvényről (Graz, 2018. június 10–13)
2018-ban Ausztriában, Graz-ban került
megrendezésre
az
ESCAPE28
konferencia június 10-13. között. A
konferencia szekciói az alábbiak voltak,
zárójelben a vezetőjük:

4.
Process Synthesis, Process Design
and Life Cycle Modelling (Rafiqul Gani
(PSE for Speed Ltd., Denmark))
5.
Process Operation and Control
(Antonio Espuña (UPC, Spain))

1.
Model
Development
and
Simulation (Fengqi You (Cornell,
U.S.A.))

6.
Bioresources, Bioprocesses and
Biomedical Systems ((Instituto Superior
Técnico, Portugal))

2.
Methods, Software and Tools
(Jean-Marc Le Lann (INP ENSIACET
Toulouse, France))

7.
Environment and Energy (Ferenc
Friedler (PPCU, Hungary), Péter Mizsey
(Budapest Univ. of Technology &
Economy, Hungary))

3.
Open Science Movement and
Education (Zdravko Kravanja (Maribor,
Slovenia))

8.
Food, (Bio-)Pharma, and Fine
Chemicals (Christoph Herwig (TU Vienna,
Austria)).

A logó forrása: https://www.tugraz.at/events/escape28/home/
Manufacturing & Process Intensification’
címmel.

A rendezvény fő támogatói a Process
Systems Enterprise, a TBP Engineering
GmbH és DCS Computing voltak. A
konferenciát megnyitó, plenáris előadást
Efstratios Pistikopoulos (USA) tartotta
’Multi-Parametric Optimization in Smart

E sorok írója a rendezvényen, mint
Advisory Board Member, szekcióelnök,
illetve előadó vett részt az alábbi
publikációval:
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’Andras Jozsef Toth, Eniko Haaz, Szabolcs
Solti, Nora Valentinyi, Anita Andre,
Daniel Fozer, Tibor Nagy, Peter Mizsey:
Parameter estimation for modelling of
organophilic pervaporation, ComputerAided Chemical Engineering, 43, 2018, pp.
1287–1292., doi: 10.1016/B978-0-44464235-6.50226-6’.

A rendezvény gála vacsoráját
a
Schlossberg Étteremben tartották meg,
ahol bemutatkozott a következő házigazda
is. A következő ESCAPE konferencia
Eindhoven-ben lesz 2019. június 16-19
között megtartva, ahová az alábbi linken
lehet jelentkezni:

Az ESCAPE28 közleményei a 2018-as
Computer Aided Chemical Engineering
folyóiratban jelentek meg.

https://escape29.nl/
Ezúton szeretnék köszönetet mondani az
MTA Bolyai János Kutatási Ösztöndíj
támogatásának.

Az ESCAPE28 résztvevőinek csoportképe
Tóth, András József
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Újszerű vegyészmérnök alapképzés indul a Miskolci Egyetemen
2019. szeptemberben
BEVEZETÉS
A Miskolci Egyetem Kémiai Intézetének
hirdetménye
(http://ki.unimiskolc.hu/vegyeszmernok)
szerint
a
Műszaki Anyagtudományi Karon 2019.
szeptembertől vegyészmérnök alapszakot
indítanak. A lentiekben a hirdetményt
ismertetjük.
Az újonnan induló vegyészmérnök képzés
keretében az országban először, kísérleti
jelleggel bevezetik a személyre szabott
oktatási modellt, amelytől a képzés
színvonalának emelését és egyben a
lemorzsolódás csökkenését várjá.
Az
alapképzési
szakon
szerezhető
végzettségi szint és a szakképzettség
oklevélben
szereplő
megjelölése:
- végzettségi szint: alap- (baccalaureus,
bachelor,
rövidítve:
BSc-)
fokozat
- szakképzettség: vegyészmérnök
- a szakképzettség angol nyelvű
megjelölése: Chemical Engineer.
A kezdeményezők meggyőződése, hogy az
új vegyészmérnökképzés rövid és hosszú
távon is segítséget tud nyújtani a régió
vegyipari
szakemberhiányának
enyhítésében.
Az új képzés indítását a B.-A.-Z.
megyében működő sikeres vegyipari
vállalatok – a Wanhua-BorsodChem, a
MOL Petrolkémia Zrt., és a Kiss
Cégcsoport – példaértékű összefogása
tette
lehetővé
(http://www.uni-

miskolc.hu/hirek/1802/vegyeszmernok_a
lapszak_indul_a_miskolci_egyetemen).
SZEMÉLYRESZABOTT
MODELL

OKTATÁSI

A munkaerőpiac is egyre kevésbé éri be a
formális oktatás nyújtotta lehetőségekkel;
mind több szektorban lesz szükség olyan
speciális kompetenciákra, amelyeket az
egyetem nem tud kialakítani. A
munkaerőpiac számára, különösen a
kiemelt ipari partnerek érdekében, az
általános tanrendbe illesztett egyéni,
személyre szabott tanulási ösvényeket
igyekeznek kialakítani.
A javaslat lényege, hogy az alapképzésbe
belépő hallgatók mellé páronként egy fiatal
oktató mentort állítanak. A mentorok
feladata, hogy heti rendszerességgel
konzultáljanak a rájuk bízott hallgatókkal,
segítsék a hallgatók előrehaladását a
tanulmányaik
során.
Ezzel
együtt
folyamatosan monitorozzák az újonnan
indított vegyészmérnökképzés szakmai
tárgyait, hogy azok mennyiben segítik elő
a megfelelő mérnöki kompetenciák
kialakítását. Szükség szerint az egyének
szintjén avatkoznak be, vagy ha a jelenség
általános, akkor arra a teljes képzést érintő
javaslatokat fogalmaznak meg. A második
évtől kezdődően egy-egy mentor két
korábbi hallgatójához újabb 2-2 hallgató
kerül, és a 3. évben szintén (l. a lenti
összegzés). Az oktatók a mentorálási
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feladatok a folyamatosan megosztják a
felsőbb éves hallgatókkal.

A jól képzett mérnökök kompetenciáinak
kiterjesztésével ugrásszerűen javulni fog a
problémafeltáró és megoldó készség. A
felmenő
rendszerben
elsajátítják
a
hallgatók a tanítva tanulni elvet, így egy
sokkal biztosabb alkalmazható tudással
fogják befejezni tanulmányaikat. Ezzel
együtt átalakul a motivációs bázis is;
kialakítják a hallgatókban az egyéni és
csoportos
kompetenciák
kibontakoztatásának
képességét.
Az
iparban elvárt élethosszig tartó tanulás
igénye fog kifejlődni a tanulási tartalom és
forma személyre szabásán keresztül. Ezzel
az új módszerrel lesz csak biztosítható az
oktatásban a technológiai szinten már
meglévő produktivitás.

1. év: 2 hallgató
2. év 2 + 2 hallgató
3. év 2 + 2 + 2 + 2 hallgató
Összesen: 1 oktató + 14 hallgató.
A vegyészmérnök hallgatókat a három
ipari orientációs csoportban kezdik meg az
ismerkedést az ipari igényekkel és
követelményrendszerrel. A fő ipari
támogatók (Intézeti Tanszékek) havonta
egy-egy
alkalommal
orientációs
megbeszélésekre invitálják a hallgatókat,
így a hallgatók az ipari gyakorlatokat már
egy jól ismert közegben tudják elkezdeni.
A
hallgató
orientációs
csoportok
kialakítása a legnagyobb rugalmasság
mentén a mentorok és az érintett
tanszékvezetők egyetértésével történik.

A Kémiai Intézet bízik benne, hogy az
újonnan induló vegyészmérnök alapképzés
esetén kipróbálandó módszertani kísérlet
sikere esetén általánosítható lesz a
mérnökképzés teljes vertikumára. A
Miskolci Egyetem és selmeci jogelődjei is
élenjártak az oktatás megújításban.
Meggyőződésük, hogy az országosan is
egyedülálló
kezdeményezés
a
’személyreszabott egyetemi képzés’ az
egyetemüket a hazai és a nemzetközi
mérnökképzés élvonalába helyezi.

A kétféle csoportban a hallgatók
elsajátítják a problémafeltárást és kritikai
gondolkodást, fejlesztik kommunikációs
készségeiket
és
beszédkulturájukat,
tudatosítják bennük, hogy a képzés
sikeréhez munkájuk, tudásuk és javaslataik
elengedhetetlenek (fontosnak érezhetik
magukat),
továbbá
megtanítják
a
hallgatókat arra, hogyan alakítsanak ki
kapcsolatokat és működjenek együtt,
függetlenül az alárendeltségi viszonyoktól.

Forrás:
http://ki.uni-miskolc.hu/
vegyeszmernok;
http://www.unimiskolc.hu/hirek/
1802/vegyeszmernok_alapszak_ind
ul_a_miskolci_egyetemen
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