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"Kako planirati, financirati i voditi projekte
s integracijom mjera
energetske ucinkovitosti u urbanoj
obnovi,

,Lametni gradovi I integracija
solarnih fotonaponskih sustava"

Doc. dr. sc. Goran Krajacic
15.2.2017. Zagreb
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How to make our cities smarter?

The Partnership integrates the ICT, energy and transport sectors. It aims to apply innovative solutions to tackle issues such as
congestion; air pollution; high energy costs and to achieve better mobility; cleaner urban environment; energy
efficiency.

congestion air pollution high energy costs better mobility cleaner urban environment
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CONNECTING RENEWABLE ELECTRICITY GENERATION  pcec
FRODUCTION

LARGE-SCALE GROUND-Z0URCE HEAT STORAGE

Excess variable electricity production, such as HEAT PUMP

wind generation, can be utilized and stored
using district energy, providing valuable demand
response for the power system. This electricity ==
can er large-scale heat 5, which caj e g o =
low-me hea%. {such as ﬁo;umergmundjpfe LG
produce hot water to be stored as heat or fed
directly inwo a districe hﬂni!lng nework. Similarly,
high-efficiency electric chillers could

CONNECTING COMMERCIAL DEMAND

The high density of heat and cooling demand
from commercial consumers makes them ideal to
connect to district energy.

DISTRICT HEATING RETURN FIPE (WARM)
e [ISTRICT COOLING SUPPLY PIPE (COLL)
e [|STRICT COOLING RETURN FIPE (COOL)

CONNECTING INDUSTRIAL DEMAND

The high density of heat and cooling demand from induserial
consumers makes them ideal to connect to district energy.

SOLAR THERMAL CONNECTED TO DISTRICT HEATING CAPTURING WASTE HEAT FROM SEWAGE AND WASTEWATER |

Solar thermal can be connected to district heating systems at Several cities capture the heat from wastewater and sewage. A heat | i
alarge scale (such as large ground. d 5 exchanger in the pipes ensures no direct contact and removes the

installations) or at the building level. For heat before the sewage is processed. An eleceric heat pump then uses
building-mounted solar thermal, systems can the low-temperature waste

be designed that allow building owners to
provide heat to the district heating network in
times of surplus, removing the need to store
excess heatin the building.

heat to supply hot

water for the districe
heating system. = =]
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ﬁ Julije Domac shared Regionalna energetska agencija

Sjeverozapadne Hrvatske's photo — with Velimir Segon.
8hrs - @

We don’t do it again - before next timel

Krasna je ovo pri€a - prijava je odradena zajednicki i u suradnji se kolegama iz
HEP-a, HT-a, IBM-a, ZG Holdinga, Razvojne agencije Grada Zagreba, FSB-a,
FER-a. REGEA tim je u ime Grada Zagreba bio zaduZen za operativnu
koordinaciju prijave hrvatskih partneral Bravo Velimire - jo$ jedan od tvojih
epskih uspjehal

| kao Sto su rekli nasi kolege iz Danske - Thank you for the fight! We don'’t do it
again - before next time. Now it's beer time...

Regionalna energetska agencija Sjeverozapadne Hrvatske ifs Like Page
11 hrs- ©

Danas smo prijavili projekt vrijedan preko 15 milijuna eura za Grad Zagreb na natjecaj
programa Obzor2020 (Horizon2020) - Smart Cities and Communities. Osnovni cilj
projekta je razvoj pametnih gradova s naglaskom na energetiku, te ostvarenje mjerljivih
rezultata u vidu energetskih usteda i smanjenja emisija CO2. U projektu sudjeluju tri tzv.
‘Lighthouse’ grada: Zagreb, Albertslund (Danska) te Savona (ltalija) i tri tzv. ‘Follower’
grada, koji nakon provedbe repliciraju iskustvo tri vodec¢a grada: Nicosia (Cipar), Emden
(Njemacka) i Constanta (Rumunjska). U i5Cekivanju rezultata spremamo nove projekte.
#regea #smartcities #pametnigradovi #energetskaucinkovitost
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SUN-City Project - Heerhugowaart (NL)
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2015 2014 % . .
United Kingdom 3700 2467.3 A 50.0 P rOIZVOd nJ a
Germany 1460 1898.2 3 231 elektricne energ |Je
France 879 927.0 o 5.2 iz PV sustava u EU
Netherlands 400 302.0 a 32,5
Italy 300 385.0 Y 221
Switzerland 280 320.0 .} -12.5
Turkey 209 40.2 A 419.9 I I I I I
Denmark 180 46.7 a 285.4 I I I I m__ -
Austria 150 159.3 o 5.8 ‘”“W‘ 5 9?’ w%e" o et 0\-\‘, o e o o T M""@“‘ WY (i‘d I B o ® o
© SolarPower Europe 2016
Romania 102 72.0 A 41.7 _— T
Belgium 75 90.1 N -16.7 e a Tyrreriand ) Qonania T o ’7 Rest of Europe
Hungary 60 421 2 42.7 ‘JH - ’ T_E;h‘?”a"ds 1
M‘ i
Sweden 60 35.1 A 70.7 e .J. gflech Repubflc GW
Poland 50 26.8 A 86.6 b" 'ﬁ- gf;ece _
Spain 49 22,0 2 122.7 ; -.; Bolgium
Portugal 28 119.0 N -76.5 lﬁ a
Malta 20 26.0 b -23.1 I hl"'
Croatia 1 1238 3 -14.1 o
Greece 10 17.1 ) -413 :
Other EU28 markets 40 30.0 FJ 33.3 ‘I: .
Other European markets 50 20.0 ) 150.0 -t'i
© SolarPower Europe 2016 i © SolarPower Europe 2016
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Instalirano 2015

Zemlja [MW] Kumulativno 2015 [MW] kW/osobi kW/GDP

Njemacka 1460 39640 0,4866 1068,46
Italija 300 18920 0,3104 700,74
Belgija 75 3200 0,2842 87,43
Gréka 10 2600 0,2414 160,49
Ceska n/a 2070 0,1965 131,01
Svicarska 280 1360 0,1645 18,63
Bugarska n/a 1040 0,1447 165,08
Velika Britanija 3700 9080 0,1395 229,29
Danska 180 791 0,1394 16,55
Spanjolska 49 5400 0,1163 232,76
Slovenija 1,4 240 0,1162 12,83
Austrija 170 940 0,1092 23,86
Slovacka 2 591 0,1089 40,76
Francuska 850 6550 0,0985 199,70
Nizozemska 400 1288 0,0757 32,20
Rumunjska 102 1301 0,0656 160,62
Portugal 28 460 0,0446 26,59
Hrvatska 10 44 0,0104 4,23
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NOVEMBER 4 TSLA: 190.56

SolarCity’s solar Gigafactory will produce up to
10 GW/year under Teslq, says Elon Musk
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Module Price
class (E/Wp)
High

Efficiency 062

All Black 0.55

Miainstream  0.47

Low Cost 0.33

Change
rel.

to prev.
manth

-8.1%

-1.8%

-41%

=57 %

Module

Inverter

Racking and mounting
B Other BoS hardware
B Installation/EPC/development
Il Other

Description

Crystalline modules 280 Wp and above with PERC, HIT, N-Type or back-contact cells, or
combinations thereof

Module types with black back sheet, black frame and a rated power between 200 Wp and 280 Wp.

Modules typically with 60 cells, standard aluminum frame, white back sheet and 250 - 275 Wp,
represent the majority of the modules in the market.

Low-output medules, factory seconds, insolvency goods, used medules (crystalling), products with
limited or no warranty.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Source: IRENA analysis and Photon Consulting, 2016
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1

Historical Price Development Germany for 10 to 100 kWp roof-top PV-Systems
6000

5000
. BOS incl. Inverter

4000
. Modules

3000

2000
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1000 -
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8 the Total Cost

© Fraunhofer ISE
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Year

Data: BSW-Solar. Graph: PSE AG 2016
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Source: DOE.
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Germany registered a
record in wind and solar
PV penetration, when the
output of these sources
exceeded 90% of the
country’s electricity
demand at one point on 8
May 2016 (Agora
Energiewende, 2016).
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Figure 1: Net load on the CAISO system

Net Load - March 31
28,000 r
. Ramp needs
26,00 ~13,000 MW
24,000 | in thres hours —

£ 22,000
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S 18,000 | .

s Potential over-
16,000 | _~ generation
14,000 |
12,000 | 020
10,000 |
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Source: CAISO
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Solarnim mapiranjem prema uglji¢no neutralnom kvartu?

Javno predstavljanje rezultata projekta Solarno mapiranje Trnskog odrzano je u sklopu Europskog tjedna odrzive
energije, 20.06.2012. u 18 h u dvorani Djecjeg vrtica Trnsko, Trnsko 19, Zagreb.

m Be the first of your friends to like this.

Solarno mapiranje Trnskog projekt je udruge DOOR
(Drustvo za oblikovanje odrZivog razvoja) u suradnji s
udrugama Platforma 9,81 i Zivim u Trnskom.

Trnsko je jedno od prvih novozagrebackih naselja,
najvedim dijelom izgradeno 1960tih godina, na
temelju tada prevladavajudeg principa ortogonalne

5! matrice stambenih volumena unutar parkovno

i i . E sy

— oblikovanog javnog prostora. Zgrade vedinom imaju

o mapiranje éetvrti Tmsko u Zagrebu ravne krovove male zasjenjenosti Sto ih €ini idealnim :

za iskoristavanje energije sunca, koja se moze
pretvoriti u elektriénu ili toplinsku energiju. Ovim "

projektom cbuhvadeni su samo potencijali za
dobivanje elektricne energije pomodu fotonaponskih panela (FN) radi jednostavnosti izracuna. Postavljenjem fotonaponskih ﬁ
e
b

SR

(FN) panela na krov neiskoristena krovna povriina dobiva nove namjene: proizvodnja energije, dodatna zastita od -
pregrijavanja i mogudnost ostvarivanja dodatnog prihoda.

L H

Solarna mapa Trnskog - solmaptrnsko.net je interaktivna web mapa svih javnih i stambenih zgrada u naselju s prikazanim
podacima o veligini FN postrojenja na pojedinoj zgradi, predvidenoj proizvodnji elektriéne energije, veliéini investicije,
prihodu od povlastenih otkupnih cijena i jednostavnim periodima otplate investicije. Solarne elektrane na krovovima mogu
predstavljati prihodovnu aktivnost zgrade za daljnje ulaganje u energetsku ucinkovitost (npr. postavljanje toplinske izolacije

fasada, krova i novih prozora, modernizacija grijanja, individualno mjerenje topline, itd.), kvalitetnije odrzavanje zgrade ili
ulaganja u projekte u zajednici. 5 %': B
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‘FP7 EU City-zen Project, The Roadshow’. Coordinator: Dr Craig L. Martin
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Image with PV facade cladding
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Battery Prices Are Falling Fast
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Battery surveys include electric vehicles.
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Algae facade elements
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Hvala na paznji!

goran.krajacic@fsb.hr
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