dreplace

Feasibility of heating and cooling energy communities
with heat pumps and shared photovoltaic generators
- Clean Energy for All People-

Vladimir Gjorgievski

1University Ss. Cyril and Methodius, Faculty of Electrical Engineering and Information Technologies

’Macedonian Section of the International Centre for Sustainable Development of Energy, Water and
Environment Systems (SDEWES-Skopje)

21.6.2022



Vision




Democratization of the energy sector

a) Energy system of today 6) Energy system of the future
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Energy communities — a tool in the arsenal of policy
makers to facilitate decarbonization
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Creating a level playing field through legislation

1.

European Commission, “Directive (EU) 2019/944 of the European
Parliament and of the Council of 5 June 2019 on common rules for
the internal market for electricity and amending Directive
2012/27/EU,” 2019.

European Parliament, “Directive (EU) 2018/2001 of the European
Parliament and of the Council of 11 December 2018 on the
promotion of the use of energy from renewable sources,” 2018.
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Types of energy communities

Renewable energy communities

Sector: Electricity, heating, cooling

Energy source: Renewable energy

Location: Members must be in close proximity to
energy projects

Activity: Generation, consumption, distribution,

storage, trading, sharing, aggregating




Types of energy communities

Sector: Electricity

* Energy source: All electricity sources

Location: No geographical constraints
e Activity: Generation, consumption, distribution, storage,
trading, sharing, aggregating, energy efficiency services,

electric vehicle charging and other

Citizen energy communities




Types of energy communities

e Sector: Electricity, heating, cooling
* Energy source: Renewable energy

* Location: In the same buildings

e Activity: Generation, consumption, distribution, storage,

trading, sharing, aggregating.

Jointly acting renewables self-consumers




Decarbonizing the heating sector with
heat pumps and PV generators




Heat pumps are on the rise
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We can power heat pumps with renewable
energy

Increase in power plant capacity to meet the electricity demand of additional heat pumps in 2030!
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s it economically feasible?




The case study — decarbonize the heating of a typical
building in North Macedonia

* Building: Municipality of Karposh, Skopje,

e Size: 7 apartments

* Envelope: Renovated, new improved thermal insulation

¢ Heating: Old heating system, assumed resistive heating

* The challenge: Assess the feasibility of installing collective PV
and substituting the resistive heaters with inverter heat

pumps




The case study — decarbonize the heating of a typical
building in North Macedonia

Jointly acting renewables self-consumers




The case study — decarbonize the heating of a typical
building in North Macedonia
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Assessing the size of the heat pumps of each
household
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Suscere nogaTows saBaunor aow TRpp—

MosplwMHa Ha gOoMoT 38 m2 69%
MpoueHT 04 4OMOT WTO MOMEHTANHO Ce Tpee 100 %
[MpouUeHT o, 4OMOT KOj CakaTe aa ce rpee no 3ameHaTa 100 % BKynHM rogMuHA TPOLWOLM 3a rpeerse 22,056.86 peH.
BryMHM TPOLWOUM 33 rpeckse 3a Uen paboTeH BeK 441,137.28 peH.
Cuctem 3a rpeerse EneKTpMyHM naHenm FoaMWHKM EMUCHUK Ha CTAKIEHWUYKW TacoBM 2.60 tCO2-eq
MoTpolyBayka Ha eHepruja/rTopueo 3,040.00 kwWh BRYMHW EMWUCMM Ha CTAKNEHWYKKW FACOBM 33 Len paboTeH BeK 32.04 tCO2-eq
CTapocT Ha CMCTEMOT 3a FPeetbe 5 rog
Lp#asHy MK ONWTUHCKKM cyBBEHLMK = OeH !
~ 49%
BryNHM roguILKKA TPOLIOLM 38 Tpeetbe 11,281.16 paeH.
logMWHK EMHCHKM Ha CTAK/TEHWYKKW racoBum 0.50 tCO2-eq
3a BawwoT gom npenopayysame MHBEPTEP CO KanauMTeT 04, 5.50 kw BRYMHKW EMWCMM Ha CTAKNEHWYKKW FacoBM 3a Len paboTeH Bek 10.05 tCO2-eq
MpoueHeTaTa MHBECTULM]A M3HECYBA OKOY 40,000.00 peH.
[ogWwHMTE 38WITEAM M3HECYBAAT OKONMY 10,775.71 pen. Napere* BryMHW rogMiuHK TPOLWWOLK 38 Nafetbe 2,226.26 peH.
[MpoueHeTHOT Neprog Ha NoBpaT Ha MHBECTMLMjaTa 3.71 rog.




The questions of interest

How much should the community invest?

How does it affect the energy balance of the building?

What are the cost savings of the community?

What is the payback period of the investment?




Designing a collective PV generator

How much should the community invest?

Specific investment cost (EURO)
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Designing a collective PV generator
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How does it affect the energy balance of the building?
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The economics of heat pumps + collective PV

What are the cost savings of the community?

Average annual savings (EURQ)
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The economics of heat pumps + collective PV
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What is the payback period of the investment?

Payback period (years)

Net-present value and investments
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Energy sharing in energy communities
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V.Z.Gjorgievski, S. Cundeva, N. Markovska, G.E. Georghiou, “Virtual net-billing: a fair energy sharing method for collective self-consumption”, Energy, 2022.




Energy sharing in energy communities
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V.Z.Gjorgievski, S. Cundeva, N. Markovska, G.E. Georghiou, “Virtual net-billing: a fair energy sharing method for collective self-consumption”, Energy, 2022. (accepted, in production)




Benefit of cooperation through energy sharing

Self-consumption in case of cooperation
Benefit of cooperation
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Self-consumption in case of no cooperation

V.Z.Gjorgievski, B. Velkovski, S. Cundeva, “Quantification of the Shared Energy in Energy Communities”, IEEE ISGT Conference in Novi Sad, 2022. (submitted)




Conclusion

« Anew paradigm of the energy system is on the rise

Heating is challenging to decarbonize, but economically and technically feasible

For a typical building in Skopje replacing resistive heaters with heat pumps and installing a
collective PV generator yields:

» A payback period of around 5 years
* About 70% reduction in energy demand

« Significant cost savings and improved comfort

« Asuitable legislative framework should be established




