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Heat and cooling stands out with the great potential in decarbonisation since
they have a large share in the final energy consumption. Power-to-heat technolo-
gies may contribute to the heat sector decarbonisation as well as the integration
of renewables if they are sufficiently flexible. They are also shown to have a good
effect on the system costs. This work will analyse the potential of seawater heat
pump system for the utilization of high share of electricity production from the
renewables. The Old City of Dubrovnik is selected as a case study because of its
specific situation. A large number of the outdoor units are not well approved by
UNESCO since the Old City is under the protection of the UNESCO World Her-
itage Centre. The results of the study showed that the combination of wind and
solar electricity production can cover 67% of load for stand-alone seawater heat
pump system based on hourly time step. Utilization of renewable electricity gen-
eration, for this case, resulted in 433.71 tCO,/y emission reduction. System based
on 10 minutes time step gave poorer results by 6%. System with the additional
energy storage gained best results in the case of combined wind and solar elec-
tricity generation, as well. It resulted in storage capacity reduction by 78% ac-
cording to the case of solar electricity generation and by 60% according to the
wind electricity generation. Battery energy storage resulted in 40 times lower
volume and 13 times higher investment costs and levelised cost of heat in com-
parison to the thermal energy storage.

Keywords: seawater source heat pump, renewable energy sources,
thermal demand, thermal energy storage, battery energy storage

Introduction

The European Union is aiming to develop a sustainable, competitive, secure and de-
carbonised energy system by 2050 according to the Directive 2012/27/EU [1]. The Energy
Performance Building Directive [2] is focused in the building energy consumption as the most
important sector where to act [3]. The EU 2030 objectives are the reduction of GHG emis-
sions by at least 40%, increase in the use of RES by at least 32%, improvement of energy
efficiency by at least 32.5% when compared with 1990, and to complete the internal energy
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market by reaching an electricity interconnection target of 15% between EU countries. The
EU objectives by 2050 are to achieve an 80-95% reduction in GHG emissions when com-
pared with 1990 levels. 2030 and 2050 scenarios focus on small or micro scale district heating
(DH), electrification of the heating sector, primarily by using heat pump (HP) technology [4].
Heating and cooling demand within EU had a share of 49% in total final energy consumption
in 2012, while RES provided 18% of the demand. The DH supply is still mostly based on
fossil fuels, 90% in the world and 70% within EU. Replacing fossil fuels and increasing the
combine heat and power (CHP) based DH system can decrease total primary energy con-
sumption by 3.7% or 7.0% with DH market shares of 30% or 50%, respectively, as it has been
shown in the case of EU [5]. The HP can provide a stable and efficient heat supply when inte-
grated in DH systems, but their efficiency dependents on a heat source. Authors in [4] con-
cluded that it is not possible to create a universal solution for all EU members of HP integra-
tion into DH and each EU country should be analysed individually. The HP have the potential
to be a central part of the efficient, renewable and interconnected smart energy system when
properly controlled using information and communication technologies [6].

The DH is currently moving towards implementation of the newest concept referred
as 4™ generation district heating (4GDH) which will be constructed during 2020-2050. The
4GDH systems might be used for stabilization of the electric power grid due to the increase of
intermittent RES into the electric power systems, implementing integration of multiple energy
systems [7]. Some of the recent researches have discussed HP technology as a key component
of 4GDH systems. The HP enhance RES integration [8], affect the reduction of emissions [9]
and draw benefit of low electric power prices during periods of high RES electricity produc-
tion [5, 10]. Heat pump unit has shown to be financially preferred production unit than CHP
unit [11]. Approximately 800000 electrically driven HP units have been sold in the EU per
year during 2010-2015 period [6]. The HP is shown as better option both in terms of cost-
efficiency and emission savings in comparison to the solar thermal collectors (TC) [5]. On the
other hand, integration of HP into the solar DH system improves their energy efficiency, as
shown in [12, 13], as well as results in a lifecycle cost reduction and primary energy savings
[14]. Smart regulation of such systems can lead to an additional cost reduction, [15, 16] as
well as reducing emissions [17].

The weather forecast, the self-consumption and the heat storage management also
result in additional energy gain [18]. The volume of the thermal energy storage (TES) has a
significant effect on the performance of the system [19], while the use of TES systems is cru-
cial to reduce the need of fossils fuels in heating [12]. The HP is suggested as the best solu-
tion for lowering the DH temperature levels as well as primary energy consumption [20].
Analyses of different HP systems resulted in load mismatch during summer and winter
months according to the grid interaction, as shown in [10, 21]. Load-shifting possibilities of
HP in residential buildings, as well as its influencing and limiting factors, are displayed in
study [22]. In [23] hourly analysis for the role of cool TES in the integration of RES and peak
load reduction were studied on the level of building, while in [24] the role of different storage
were analysed on level of city/state. Results of the study [25] showed that HP electricity con-
sumption has a potential to follow wind power availability in hourly basis while TES might
only offer little flexibility to the grid if controlled in an intelligent way.

Previous studies mostly analysed the potential of HP for the integration of solar and
wind generation individually. Most of the studies are done for microgrid systems, like build-
ings, where seawater is poorly represented as HP source. This study gives some new ap-
proaches, according to the previous studies, dealing with RES electricity generation, short
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term step calculations, increase in system size and opportunities for the electric batteries.
Study analyses the potential of seawater source heat pump (SWHP) system for utilization of
solar and wind generation, individually and in the combination. It provides comparison of the
SWHP systems, based on hourly and 10 minute time step, for the Old City of Dubrovnik,
Croatia within the energy system of the Dubrovnik region. Energy storage opportunities are
also analysed comparing thermal and battery energy storage (BES). As there are many similar
protected old cites near coastline that need heating and cooling, especially in the Mediterrane-
an, the study can provide guidelines for general application of SWHP in combination with
solar, wind and energy storage.

Seawater source heat pump

Seawater source HP DH system is a renewable energy utilization system as it can
utilize the sensible heat energy contained in the seawater. It is a good solution to cover heat-
ing and cooling demand of buildings in coastal areas. Seawater has very good characteristics
as a heat source for the HP. It has less seasonal temperature variation and lower freezing tem-
perature (about —2 °C) than river water, and also maintains 5-10 °C temperature difference
from the atmosphere, which is ideal for heating and cooling [26]. The HP is used as chiller in
the summer and seawater is used as heat sink, and in winter seawater is used as heat source. In
comparison to the conventional system, SWHP system is generally higher in initial invest-
ment and lower in operation costs [27].

The use of air conditioning in the residential sector is increasing due to the average
income growth and thermal comfort in dwellings. A great effort has been made, especially in
Europe and China, to study and deploy technologies driven by RES [28-30]. North European
countries, like Norway and Sweden, take a lead in the engineering application of the SWHP
heating and cooling system, using seawater heat as a heat source for DH since 1982 [26, 31].
The largest SWHP facility is Vartan Ropsten with 180 MW total capacity in Sweden [27].
Areas in Japan have also used SWHP for DH and cooling since 1993. There have been sever-
al related research and application cases in Korea [26]. China has been using seawater as a
heat source for DH since early 2000, and SWHP has a large popularizing and utilizing value
in cold areas [32]. Study [33] showed that seawater most likely will have to play a substantial
role as a heat source in future energy systems in Denmark. The energy-saving potential of the
SWHP DH system is significantly underestimated in comparison to the conventional boiler
house DH system [34]. Analysis of the SWHP system in Korea showed the improvement in
annual heating performance of 8-14% [26]. Studies [32, 35] showed that the beach well infil-
tration intake system effectively improves the stability, reliability and energy efficiency of
SWHP systems.

This work will analyse the implementation of SWHP in the Old city of Dubrovnik,
Croatia for heating and cooling purposes by integration of intermittent RES electricity genera-
tion in wider urban Dubrovnik region. Dubrovnik is well known touristic destination placed in
south of Croatia on the coastline of the Adriatic Sea. The entire Old city of Dubrovnik has
been part of UNESCO World heritage since 1979. The largest part of heating and cooling
demand of the Old city is covered with air conditioning units which results in negative visual
impact of building facades. The Conservation Department in Dubrovnik, in cooperation with
the institute Hrvoje Pozar, started a project with the aim to reduce and eventually eliminate all
of the external air conditioning units from building facades in the Old city. Hrvoje Pozar
made the study [36] done for this purpose suggesting SWHP as the best solution to cover
heating and cooling demand of the OId city of Dubrovnik. Since the Dubrovnik is a part of
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UNESCO World heritage, renewable systems like photovoltaics (PV) and TC are forbidden.
Same problem exists in Venice, so study [37] analysed a lagoon water coupled HP installed in
the retrofit of the Crucifers Convent, a historical building in Venice. The results showed sig-
nificantly higher saving on the energy consumption than the required 20% and thus a conse-
quently reduction in the emission of GHG in comparison to traditional plant. The SWHP sys-
tem was analysed for the important port in China, Dalian, with marine climate, which is also
an industrial, trade and tourism city, similar to Dubrovnik. The results of the study [38]
showed energy efficiency enhancement potential of the HP units, while the investment in a
SWHP system is generally profitable [27]. Seawater source HP is not a new thing in the Old
city. Rectors palace has been using SWHP since 1980°s, and the old system has now been
replaced with the new one.

Methods

Dubrovnik region has a high potential of RES, mostly wind and Sun, which is why
they are selected as a sources of electricity generation within this study. As shown in the pre-
vious study [39] done for Dubrovnik region, air temperature could be taken as reliable factor
used to forecast solar radiation and energy demand, even on a short-term scale of 10 minutes.
Wind speed and solar radiation based on the mean monthly values have shown good correla-
tion meaning these two RES give good combination in electricity generation. The 10 minutes
time scale showed poorer results meaning higher needs for flexibility in order to utilize inter-
mittent RES on a short-term scale. The potential of SWHP system to utilize RES electricity
generation is provided for the system based on hourly and 10 min time step. The needs for
energy storage (ES) within the SWHP system are also analysed and the comparison is done
for BES and TES. The calculations are done according to three different scenarios:

— Scenario 1: SWHP and RES electricity generation, calculations based on 1 hour and 10
minutes time step.

— Scenario 2: SWHP + BES and RES electricity generation, calculations based on 1 hour time
step.

— Scenario 3: SWHP + TES and RES electricity generation, calculations based on 1 hour time
step.

First  scenario  included

PV electricity |.., =" ae, standalone SWHP system. Two

eneration ’ S i i
9 >  SWHPelectricty % N other scenarios included SWHP
3 demand gren. erma combined with BES and TES

and were calculated only on
------ - hourly time step. Model for

WIND e A
electricity selected scenarios is provided in
generation fig. 1. Dashed line presents the
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Figure 1. Model of the scenarios is for Scenario 2 and grey line
for Scenario 3. The study ana-

lysed three different cases for each of the scenarios. Cases differ in renewable electricity gen-

eration:

— CASE A: PV electricity generation.

— CASE B: WIND electricity generation.

— CASE C: RES (PV + WIND) electricity generation.
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The SWHP system in the Old city of Dubrovnik

Input data of SWHP system for this study are taken from the study done by the insti-
tute Hrvoje Pozar [36]. In present situation, air conditioning covers most of the heating de-
mand and total cooling demand of the Old city. Heating and cooling demand in the study [36]
are calculated according to HRN EN ISO 13790 standard. Study [36] did not consider domes-

tic hot water demand, only space
heating and cooling demand. Accord-
ing to the calculations it is estimated
that the total installed capacity of
SWHP should be 11 MW. Two-step
HP would be the best option for this
location using R134a as a working
substance. The optimal solution
would be installation of higher num-
ber of aggregates with lower capaci-
ties in order to ensure higher flexibil-
ity of the system as well as proper
distribution and pipe diameters of
smaller dimension. Seawater intake
should be done at depths below 15 m.
Thermodynamic magnitudes of the
SWHP in the Old city of Dubrovnik
are shown in tab. 1. The scheme of
the SWHP heating process is provid-
ed in fig. 2. Hourly values of COP
are calculated according to the EN
15316-4-2:2017 standard, with sea-
sonal COP (SCOP) given in tab. 2.
The seasonal energy efficiency ratio
(SEER) value is selected according to
the available values provided by the
manufacturer on the efficiency of the
HP in cooling mode, because the
hourly values of the EER could not
be calculated. The values provided by
the manufacturer are Eurovent-
certified values in compliance with
standard EN14511-3:2013.

Calculations

Calculations are done based on
the hourly and 10 minutes data set.
Cooling season is considered to be
from May 1" till October 1" and
heating season is considered to be
rest of the year. During the heating
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Figure 2. Seawater source HP heating process scheme

Table 1. Thermodynamic magnitudes of the SWHP in
the Old city of Dubrovnik

Thermodynamic magnitudes \[lglcu]e
Sea temperature — heating period 135
Sea temperature — cooling period 16
Evaporation temperature — heating period 4
Evaporation temperature — cooling period 3
Condensing temperature — heating period 78
Condensing temperature — cooling period 22
Energy carrier flow temperature — heating period 75
Energy carrier flow temperature — cooling period 7

Table 2. Input data

Heating demand [MWh/year] 10179
Cooling demand [MWh/year] 8107
COP [] 33
EER [-] 6.3
Electricity heating demand [MWh/year] 3089.18
Electricity cooling demand [MWh/year] 1286.83
Installed capacity of PV power plant [MW] 18
Installed capacity of wind power plant [MW] 160
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season HP is working when the air temperature is lower than 15 °C. Hourly and 10 minutes
thermal demand, STP, is calculated according to the egs. (1) and (2), in order to get hourly
and 10 minutes thermal demand distributions:

sTR =| —1°°_Ipp, (1)
b,

DD, :Tp,i _Tv,i (2)

Degree hour DD stands for the degree hour or 10 minutes, where subscript i stands
for hourly or 10 minutes time step. It is calculated according to the eq. (2), as a difference
between inside, T, , and outside, T,, temperature for hourly or 10 minutes time step. T, is set
to 22 °C during the cooling season and during the heating season to 20 °C. Data for T, are
provided by Croatian Meteorological and Hydrological Service, based on the 10 minutes time
step for the year 2014. The hourly T, values are gained as an average values of each hour. The
hourly DD distributions and the total heating and cooling demand, THP, provided in tab. 2,
are used to calculate the distribution of heating and cooling demand based on hourly and 10
minutes time step, STP, eq. (1). In the case of 1 hour time step there are 8760 data and in the
case of 10 minutes time step there are 52560 data.

Electricity generation from wind and sun was calculated according to the data of
wind speed and solar radiation provided by Croatian Meteorological and Hydrological Ser-
vice, based on the 10 minutes time step. Measured data of 2014 were selected for the calcula-
tions. Since some of the measurements were missing, we had to combine measurements from
2014 with ones from 2013, in order to gain a complete yearly data. According to the gained
data based on 10 minutes time step, we calculate the hourly values. Renewable electricity
production is calculated according to the study [40] done for the Dubrovnik region. Installed
capacities were set based on the energy plan for 2030 for the Dubrovnik region [40] and pro-
vided in tab. 2. Mean monthly values of wind speed and solar radiation measured data are given
in tab. 3. Distributions of renewable electricity generation are shown in diagrams in fig. 3.

Table 3. Mean monthly values of wind speed and solar radiation for
2014 for Dubrovnik region
2014 Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
Wind speed [ms™] [ 5.28 | 542 [ 4.00 | 352 [3.03|3.32 | 298|279 | 3.07 | 3.24 | 471 | 5.03
Solar radiation, [Whm’z] 133.12/194.55360.72324.83/420.60[511.35{482.41/544.62[369.06[273.55/199.13]165.27

Wind electricity generation, [MWh] . PV electricity generation, [MWh]

Figure 3. The 10 minute time step distribution of yearly wind and solar electricity generation for
the Dubrovnik region for 2030
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Scenario 2 and 3 included ES in the model so the calculations are done in order to
define ES needs in the case of BES and TES on hourly basis. Calculations are provide in the
eg. (3)-(5):

Eesi = Eesizt —Eswrp,i + Eresii (3)
0< EES,i < EES,max (4)
Eswhp,i 20 ®)

Stored energy in every hour, Egs;, is calculated according to the eq. (3). It takes into a
consideration stored energy form the previous hour, Egs;-;, SWHP electricity demand, Eswup,,
and RES electricity production, Eges;. Some constraints are taken into a consideration for Egs;
and Eswwp,i. Stored energy in each hour Egs; cannot go beyond its maximum capacity, as shown
in the eq. (4). It is also considered that the thermal demand will be covered in every given hour
throughout the year, using only RES electricity production, directly with a SWHP or energy
stored in ES. This is insured with a constraint given in the eq. (5). Efficiency of BES and TES
charging and discharging are not taken into a consideration in this work, so the results might
vary from the ones in reality. The BES is storing electricity which is used to cover SWHP elec-
tricity demand in the time of lack of RES electricity production. The TES is storing thermal
energy to cover thermal demand in the time of lack of RES generation. The TES is charged
using SWHP, so the difference between TES thermal capacity and BES electricity capacity is
given with SCOP and SEER of SWHP.

Results

Results of the study are given for three different scenarios and each of the scenarios
is modelled for three different cases. The results of the scenarios show the difference between
the system using only SWHP and the one with ES, BES and TES. They also provide a com-
parison of technical and financial aspects of BES and TES. The results of the cases show the
variations in the system according to the changes in electricity supply. Results of the Scenario
1 also show the comparison of the system based on hourly and 10 minutes time step. Yearly
distribution curves of SWHP electricity demand, based on hourly and 10 minutes time step
provided in fig. 4. It can be seen that a heating demand is represented during higher period of
the year with a higher demand in comparison to the cooling period. Hourly load has higher
peak demand by 500 kW in comparison to the 10 minutes time step load.
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Figure 4. Distribution of electricity demand for SWHP based on hourly and 10 minutes time step
Results of the Scenario 1

Figure 5. shows one specific day during heating and cooling season. Third Wednes-
day of January was selected as a specific date for heating season and third Wednesday of July
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for cooling season. Table 4. shows peak values of wind and solar electricity generation and
SWHP electricity demand for each of the specific days. As it can be seen from fig. 5, during
the cooling period PV electricity production can cover most of the SWHP cooling demand.
During the heating season heat demand is higher during the evening when there is no RES
electricity generation. Some of the heating demand during rest of the day can be supplied
mostly from wind. The rest of the RES production, which appears in the time when there is no
higher need for thermal demand, can be stored in additional storage and used afterwards.
Probably this electricity from RES generation will be cheaper so the SWHP system could
benefit in this way using the additional storage which will be charged with low cost electrici-
ty. On the other hand, storage will provide additional flexibility to the system. When we com-
pare hourly and short-term distribution curves, we can see that short-term distribution of wind
and PV electricity production has much more fluctuations meaning higher needs for flexibil-
ity. There are many short time peaks during the day, especially from wind electricity genera-
tion. They can be utilized by charging batteries during 10 minutes time period, demanding
high electricity capacity in a short period of time.

Table 4. Maximum values of RES electricity generation and SWHP electricity demand for
one specific day during heating and cooling season

Time step 1 hour 10 minutes

Period Heating period| Cooling period| Heating period| Cooling period

Unit MWh MWh MWx10 min | MWx10 min

Wind electricity generation 158.67 10.13 160 40

PV electricity generation 2.96 17.08 4.62 17.22

Heating demand 124 - 1,23 -

Cooling demand - 1.93 - 1.97
Heating period . Cooling period

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours, [h] Hours, [h]

SWHP

SWHP —IND seaees Py
o

10-minute time step, [min] 10-minute time step, [min]

Figure 5. Comparison of normalized values of RES electricity production with SWHP demand for
one specific day during heating and cooling season based on hourly and 10 minutes time step

Figure 6. shows the results of the Scenario 1 for three different cases based on the
calculations for hourly and 10 minutes time step. Columns in the diagram show total yearly
SWHP electricity demand, where light grey represents the demand which has been supplied
by RES generation and the rest is the SWHP demand that needs to be covered with the addi-
tional ES, marked as dark green. Total yearly SWHP electricity demand is 4376 MWh per ye-
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Figure 6. Results of the scenario 1
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The SWHP system, with the integration of RES, has a great impact on the emission
reduction. This study provided a short review on the CO, emission reduction by SWHP utili-
zation of wind and solar electricity generation. Emission reduction is calculated according to
the data of CO, emission factor taken for Croatia for 2018, which was 147 gCO,/kWh [41].
The CO, emission reduction for all cases of the Scenario 1 is provided fig. 7. Higher RES
utilization means higher emission reduction.

Results of the Scenarios 2 and 3

Scenarios 2 and 3 analysed SWHP system with BES and TES. It is assumed that the
total yearly thermal demand will be supplied using RES electricity generation directly from
SWHP or with energy stored in BES or TES. Study calculated the capacity of BES and TES
needed to cover total yearly thermal demand in the time of lack of RES electricity production.
Based on the technical and financial characteristics of BES and TES, given in tab. 5 and the
eg. (3)-(5), we gained the results provided in tab. 6. The comparison between BES and TES is
not done for the optimal storage since the aim of this study is to show the comparison for the
different sources of RES electricity generation used for the system supply. It can be seen from
the results that TES capacity is much higher than BES due to the SCOP and SEER values of
the SWHP. Capacity of BES is given for the electric energy while TES is given for thermal
energy. The results also showed that the investment costs are 13 times higher for BES while
its volume is 20 times lower for each case, when compared to TES. The combination of wind
and sun electricity generation in case C gained best results in comparison to the case A and B.

Capacity, investment costs and  ap|e 5. Financial and technical characteristics of
volume of TES and BES in  TESand BES

case C were reduced by 78% TES BES
according to case A and by Investment cost 200 €/m® 200 €/kWhy
60% according to case B. Capacity 80 kwh/m® 500 kWh/m®
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Table 6. Results of the Scenarios 2 and 3

CASE _BES _TES Investment | Investment BES ; TES .
capacity [MWh] | capacity [MWAh]| cost BES [€]| cost TES [€]| volume [m°]| volume [m°]
A 127 800 25400.00 2000000 254 10
B 94 592 18800.000 1480000 188 7400
C 28 176 5600.000 440 56 2200

Levelised cost of heat (LCOH) are done for the case C in order to compare BES and
TES. Discount rate is taken to be 5% with a lifetime of 20 years. The LCOH for BES are
almost 13 times higher, with the amount of 24.57 €/MWh, while for TES are 1.93 €/ MWh.
LCOH analysis for case C did not considered all of the system components, like SWHP, pipe-
lines nor electricity prices, which should be taken into a consideration to do the complete
LCOH analysis.

Conclusion

This work provides the results of the ability of SWHP system to utilize RES genera-
tion as a stand-alone system and using ES. Previous studies have not done much in the field of
SWHP system. They mostly analysed HP for other sources. The integration of HP into renew-
able systems was mostly analysed for solar systems. Only few studies analysed wind electrici-
ty production in combination with HP systems. This study analyses the integration of wind
and solar electricity generation using SWHP, both together and separately. Three scenarios
are set. Scenario 1 considered SWHP stand-alone system to supply thermal demand of the
Old City of Dubrovnik. Scenario 2 considered additional BES and Scenario 3 additional TES
in thermal energy system. All of the scenarios are compared for three cases in order to show
the difference between the sources of electricity production.

Results of the Scenario 1 showed that 67% of SWHP demand is covered by RES
electricity production in case C, for the system based on hourly time step, providing better
results than case A and B. The results of the calculations done in 10 minutes time step gained
poorer results, by 6% for case C and by 8% for case B, while for the case A results were al-
most the same. It can be concluded that the system based on a short term scale has higher
requirements for flexibility in the power system.

The results of the Scenarios 2 and 3 for all three cases showed that BES has 13 times
higher investment cost but 20 times lower volume in comparison to TES. The BES requires
smaller area for its installation which, in this case, would be a better option for the Old City of
Dubrovnik due to the lack of area required for the ES placement. On the other hand, it re-
quires higher investment costs. Case C provided even better results than case A and B. The
combination of PV and wind in RES electricity production in case C reduces capacity, in-
vestment costs and volume of TES and BES by 78% according to the case A and by 60%
according to the case B. Case C provided better results for all three scenarios.

The BES, although having 13 times higher investment costs and LCOH, has 40
times lower volume in comparison to TES. The BES is also more interesting option for future
smart energy system because, besides of storing electricity, it can provide electricity to the
grid in the of lack of electricity production and other ancillary services. Today’s electric bat-
teries have the ability to be fully charged in just 10 minutes, requiring higher energy capacity
for charging. Although system, based on 10 minutes time step, is shown to have higher re-
quirements for flexibility in the system, fast charging batteries could provide additional flexi-
bility being able to store higher amount of energy in a short period of time. These options will
be analysed and discussed in one of our future work.
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Nomenclature
Egs, — stored energy in each hour, [MWh] CHP  — combine heat and power
Egs1 — stored energy from the previous hour, DH  —district heating

[MWh] EER —energy efficiency ratio
Eres) — RES electricity ES — energy storage

production [MWh] HP — heat pump
Eswrp,; — Seawater source HP electricity LCOH — levelised cost of heat

demand [MWh] PV —photovoltaic
T — inside air temperature [°C] SCOP - seasonal coefficient of performance
T, — outside air temperature [°C] SEER - seasonal energy efficiency ratio
DD  —degree hour or 10 min [°C] SWHP — seawater source HP
STP  —thermal demand [MWh] TC  —thermal collector
THP  —total heat production [MWh] TES - thermal energy storage

L UNESCO — United Nations Educational,

Abreviations Scientific and Cultural Organization

4GDH — 4™ generation district heating
BES - battery energy storage
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