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What do | wish you to remember from the presentation?

The solar energy potential exists in any latitudes
and climates

The solar energy potential can be calculated and
optimized at the building and neighborhood level
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SOLAR ENERGY POTENTIAL

The solar energy potential

» Solar energy potential
» Opportunities for the solar energy potential in different latitudes

@ \ TNI ‘ Kunnskap for en bedre verden



What shall we do?

i

The total solar energy
absorbed from the earth is equal:

‘ Reduce energy consumption

3,850,000 EJ
‘ Reduce CO, emissions into the atmospt

' Use of primary energy
in 2019 was equal:

Q Implementation of renewable energy
510 EJ

Electricity:
62EJ

International

Q Maximize solar energy Liea ™
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Solar energy potential in the world
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https://matajs.com/wp-content/uploads/global-horizontal-sunlight-irradiation-kwh-year-day.png
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PV Landscape in Nordic climate

Solar radiation
Amibient temperature

Wind speed

Meteo data

Reference: Winter workshop 2015 NTNU/University of La Reunion
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Referanse: fjordkraft.no
T ————————————
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https://www.fjordkraft.no/solceller?gclid=CjwKCAiA9JbwBRAAEiwAnWa4Q-tyepc2SA5leeldFleKW7vJuKGkYOErJ5iuLvsZEDLpKleaODZXLxoC_X8QAvD_BwE#/
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Solar energy potential

NorthSol Solar Power Plants in the Nordic Climate
Common notions and myths

» Too little sunlight FALSE
» Too expensive FALSE
» Too cold FALSE: Lower temperature gives higher efficiency

Solar radiation on a 2-axis solar tracking surface (kWh/m2ar)

Solar radiation on a horizontal surface (kWh/m?2ar)




Solar energy potential

Annual hours of sunshine - all over the world

Country City Annual Sun Hours
UK London 1500

Germany Freiburg 1700

Sweden Pited 2000 l
Australia Melbourne 2100

ltaly Florence 2500

USA San Diego 3000

L
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Solar cells in the Nordic climates
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Framtigg

| Fiordkraftno

“‘ Solenergi produksjon endelig til Norge

| Solenergi er den nye vinneren -
|

prisen faller



https://framtida.no/2017/03/20/i-ko-for-a-fa-solkraft#.WRQmPFWLS70
https://www.fjordkraft.no/solceller/solceller-i-norsk-klima/#/
https://gemini.no/2019/04/dette-er-verdens-gjerrigste-solcellepanel/
http://www.nyttnorge.com/solenergi-produksjon-endelig-til-norge.html
https://www.nrk.no/osloogviken/solceller-er-_hot_-_-men-lonner-det-seg_-1.14166758
https://www.nrk.no/innlandet/na-tar-det-helt-av-med-solenergi-1.14447599
https://www.pv-magazine.com/2018/03/16/norwegian-solar-market-grew-by-59-in-2017/
https://teknologiradet.no/en/the-solar-revolution-and-what-it-can-mean-for-norway/

Solar installation in Norway

Akkumulert installert effekt i Norge

70000

52500

KW

35000

17500 .
Multiconsult

annnnnnnnnfiliill
1‘3&1‘3@1‘5@1‘?@'&

Nettilknyttet I Frittstaende anlegg, hus [l Frittstaende anlegg, annet
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Referanse: solenergiklyngen.no og multiconsult.no og tu.no

B NTN [ ] ‘ Kunnskap for en bedre verden -



http://solenergiklyngen.no/2019/03/06/solkraft-i-norge-okte-med-29-prosent-pa-ett-ar/
https://www.multiconsult.no/solkraft-i-norge-okte-med-29-prosent-pa-ett-ar/
https://www.tu.no/artikler/eksplosiv-vekst-i-norsk-solenergi/459703

SOLAR ENERGY AND INTEGRATION OF
SOLAR CELL SYSTEMS FROM BUILDING
LEVEL TO NEIGHBORHOOD LEVEE

T

Solar cells at building level and neighborhood level

» Problems and strategies

» Case studies and simulation tools

0%
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http://www.iea-pvps.org/fileadmin/dam/public/report/national/IEA-PVPS_Task_15_Report_C0_International_definitions_of_BIPV_hrw_180823_03.pdf



https://www.huseierne.no/hus-bolig/tema/juss/solcellepanel-kan-vare-soknadspliktig/
https://www.solenergi.no/sttteordninger

Optimization of solar buildings

4 -
edre verden 25
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Solar reflection
Overshadowing

45

Sorrounding
landscape
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Reference: London (Bildet: Gabriele Lobaccaro)
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Solar strategies at the neighborhod level
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Built environments

New buildings in existing Interventions in existing Landscape

New urban areas
urban area urban areas

Reference: Referanse: Lobaccaro G., Croce S., Lindkvist C., Munari Probst M.C, Scognamiglio A., Dahlberg, J., Lundgren M., Wall M., A cross-country perspective on solar
energy in urban planning: lessons learned from international case studies, (2019), Renewable & Sustainable Energy Reviews , pp. 209-237

!
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Solar energy from building level to neighborhood level

Fix the optimized direction
of the building

K X

= ’ Optimize the
3 N S 7 4

orientation of the
neighborhood
Calculation of direct radiation |

Fix the optimized direction
of the neighborhood
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Solar accessibility and Solar reflections

Freiburg - Tyskald

© Materials

© Angle of incidence

xposure
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Case study of solar energy potential
In Norway ==

i

Wi

Norge

SOLAR POTENTIAL OPTIMIZATION IN URBAN PLANNING
IN EXTREME COLD CLIMATE CONDITIONS

Design guidelines for solar accessibility and solar design for developing
the masterplan of @vre Rotvoll neighbourhood in Trondheim (Norway)

Laureanda: Silvia Croce
Relatore:  Rossana Paparella

Correlatori: Gabriele Lobaccaro
Luca Finocchiaro
Mauro Caini

Reference: Lobaccaro G., Carlucci S., Croce S., Paparella R., Finocchiaro L., Boosting solar accessibility and potential
of urban districts in the Nordic climate: A case study in Trondheim, Solar Energy Vol. 149, (2017), pp. 347-369.
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vre Rotvoll
Trondheim 2

Case study of solar energy potential

~

[l ==mm ()0p

Albedo of facades Albedo of the ground

(reflection coefficient) (reflection coefficient)

Rhinoceros + Grasshopper

Guidelines for | Optimized configuration
master plan and energy analyzes

Ladybug + DIVA for Rhino

®D

Reference: Lobaccaro G., Carlucci S., Croce S., Paparella R., Finocchiaro L., Boosting solar accessibility and potential
of urban districts in the Nordic climate: A case study in Trondheim, Solar Energy Vol. 149, (2017), pp. 347-369.
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@vre Rotvoll

Case study of solar energy potential
In Norway

| Masterplan of @vre Rotvoll

Reference: Lobaccaro G., Carlucci S., Croce S., Paparella R., Finocchiaro L., Boosting solar accessibility and potential
of urban districts in the Nordic climate: A case study in Trondheim, Solar Energy Vol. 149, (2017), pp. 347-369.
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< Reference Task 51 Solar Energy in Urban Planning (© BAMSphoto - Basilio)
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Italian case study- Villaggio violino (Brescia)

N - N

L~

Reference Task 51 Solar Energy in Urban Planning (© BAMSphoto - Basilio)

B \ TN ‘ Kunnskap for en bedre verden




Italian case study- Villaggio violino (Brescia)
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Reference Task 51 Solar Energy in Urban Planning (© Fabio Cattabiani)
T ——
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Italian case study- Villaggio violino (Brescia)

(Photo: © Alberto Mucciaccia)

Reference: Task 51 Solar Energy in Urban Planning (© Alberto Mucciaccia)
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Analysis of the solar energy potential in the urban area
@NORWAY @ EXISTING BUILDING ANALYSIS

SITE DESCRIPTION

SUN PATH
AGRICULTURAL

CLIMATE

TRONDHEIM

AGRICULTURE

SOLAR POTENTIAL ANALYSIS OF LANDSCAPRE

C) SCENARIOS
PV POTENTIAL PV POTENTIAL

1100 kWh/m?2yr 860 kWh/m?z2yr

PVEPOTENTIAL

100 kWh/m?2yr

Reference Winter workshop 2015 NTNU/University of La Reunion
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Analysis of the solar energy potential in the urban area

-Pv . o

1104 KWh/m?2yr SUN PATH

860 KWh/m2yr

+ 28%

PV 12,5°
987 KWh/m?zyr

PV 45°

AGRICULTURAL
FARM

1115 KWh/m?2yr

+15%

+29.5%

PV 25°
1065 KWh/m?2yr
+24%

PRINCIPA
L ROAD

Reference Winter workshop 2015 NTNU/University of La Reunion
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Solar farm & PV barriers

PV FARM
WNSTALLED AREA: 14656 m?

ENERGY TOTAL: 16,3 GWh

AVERAGE ENERGY: 1115kWh/m?yr

,-_s.' Y R g

B NTNU ‘ Kunnskap for en bedre verden
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Practice

Solar energy potential vs Orography in Norway A

Trondheim

Rjukan

o

B NTNU ‘ Kunnskap for en bedre verden

DEM of Norway (60-64deg N latitude) ulated solar radiation for the DEM over 1 year [W/m?] e

Cale

FLAT terrain

Mirrors combined reflective surface of 50 m2 now radiate sunlight into the
city. The results are that up to 600 m?2 of sunlight now hits the city

Reference: http://editi

53



Sun reflection In cities
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The concave shape of
the skyscraper means
that a large amount of
sunlight is relected into
asmall area

sunrays —

Qe This effect currently lasts
:9: for around two hours per
day, and is suggested to be
present for approximately two

to three weeks, due to the chang-
ing position of the sun in the sky

Reference: 20 Fenchurch Street (Sky Garden) — London; Photo: Gabriele Lobaccaro




Sun reflection iN*CRES®
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Reference: @google - Huffington Post
L
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Referanse: @google - Huffington Post
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- ~
S ILFUTURO DELLA CITTA @ munam
[ P 5. d . = -

Plrellmebls, lgparetiaé';écc [
sciolgono le tapparelle dei palazzi

Referanse: Palazzo della Regione Lombardia — Milan (ltalia); Ph abriele Lobaccaro
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Overshadowing effect

CORRIERE DELLA SERA

MILANO - CRONACA

ILCASO

Melchiorre Gioia, le vecchie case che
non vedranno piu la luce

o
351
O La costruzione di due palazzi «<imprigionera» gli edifici gia oscurati da tre lati

di Elisabetta Andreis

Reference: Palazzo della Regione Lombardia — Milan (ltalia) — Corriere della Sera

B NTNU ‘ Kunnskap for en bedre verden
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Solar systems in the Lerkendal district

:w“%%:i 73; 2 ‘V,

Data of photovoltaic facade:

e 200 m2 South and West facades;

o 27.2 kKWp, 9 strings;

* Annual production: 18 000 kWh;

* Actual production (2013): 15 000
kWh (+15%simulated)

Data of the building:

* Building area: 11 000 m2;

* Annual consumption 84 kWh/m2 -
Energy class A.

» Connected to district heating and
power grids.

Destination of the district
and functions:

* Sports facilities,

* Commercial buildings

* Service warehouse




How to avoid and prevent these
situations?

View from the top of Lerkendal Studentby - Reference: http:/www.adressa.no/




Analysis using dynamic simulations

DIVA FOR RHINO
1: Local solar potential
(isolated scenario) DIVA for Rhino
Based on Radiance
) ' D ray-tracing method
2. Local solar potential

DAYSIM
ADVANCED DAYLIGHT SIMULATION SOFTWARE

(urban scenario)

Qﬁ% PVsyst

Pstsro PV simulation
3: Ener roduction
2R ﬁ"’. Polysun
polysur Solar thermal

‘‘‘‘‘‘‘‘

Referance: Good C.S., Lobaccaro G., Harklau S., Optimization of solar energy potential for buildings in urban areas - a
Norwegian case study, Energy Procedia, Volume 58 (2014) pp 166-171
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Overshadowmg eﬂ‘ect and aval ablllty on solar energy
[ T e e T el e e Al e
§g§sa§g§§§ss§g§g§§§g§g” %
W E B SBEIRENE

R EERIEE
Energy production [KW] — 4. April

500

4,50
8,00
3,50
3,00
2,50
2,00
150
1,00
0,50 +

0,00

M09 K10 K11 K12 K13 K14 KIS K16

Figur 66: 4.april 2014, kl.09:00 Figur 67: 4.april 2014, kI.10:00

e Streng 1 og 2 Streng 5 og 6

Streng 7 0g 8

Streng30g4

-— Vekselretter | Strenger | KI.09 | KI.10 | KI.11 | KI.12 | KI.13 | KI.14 | KI.15 | KI.16
0 DIreCt Irradlatlon (PV faca'de) 1 log2 0,07 | 007|119 ]| 093 | 0,17 | 0,19 | 0,23 | 2,03
30g4 0,13 | 067 | 1,67 | 394 | 3,99 | 2,40 | 2,25 | 3,11

2
- 3 50g6 | 0,17 | 0,10 | 2,22 | 4,20 | 4,58 | 4,55 | 4,21 | 3,49
a 70g8 | 1,03 | 0,91 | 2,89 | 3,97 | 4,30 | 4,27 | 3,96 | 3,32

'40 % Global irradiation (PV facade)

Reference: Good C.S., Lobaccaro G., Harklau S., Optimization of solar energy potential for buildings in urban areas - a
Norwegian case study, Energy Procedia, Volume 58 (2014) pp 166-171
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Energy output (kWh)

Overshadowing effect and availability on solar energy

% Base case  MPVsystem A mPVsystemB ®Termal systemA  mThermal system B % Base case  MPVsystem A mPVsystemB ®Termal systemA  mThermal system B
10000 10000
A ea A “--IIIIIII.....
9000 9000 et "
daCade
8000 - = 8000
[ LA = LN}
7000 “_“l-ll- L --.._.. no g 7000 Almact
* *
6000 i - standard < 6000 Standard
Yeus . profile 5 Distribution
5000 e L] nm (5] L % 2000
4000 g 4000
@
3000 5 3000
- am nm [ ] am Y .
2000 S - = ta 2000
»* 7 % 7 2 %o
* - v
1000 — 7 . 1000
0 A" = . 4 0
Jan Feb  Mar Apr May Jun Jul Aug  Sep Oct  Nov Dec Jan Feb  Mar Apr May Jun Jul Aug  Sep Oct  Nov Dec
10%
9%
9%
8%
7% % Base case

6%

B PV system A
5%

WPV system B
4%

W Thermal system A

3% - W Thermal system B

=
>
o
<
[}
=
>
S
[}
c
L

2%

1% -

Reference: Good C.S., Lobaccaro G., Harklau S., Optimization of solar energy potential for buildings
in urban areas - a Norwegian case study, Energy Procedia, Volume 58 (2014) pp 166-171
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Solar energy potential

Quatrtiere Violino
Brescia - Italia

© Angle of incidence

Freiburg - Tyskald

© Materials

Uppsala - Sverige

xposure
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Sluppen — Feasibility study....20507?
- ‘-‘
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Sluppen — Feasibility study....20507?

ew and existing buildings in existing situation (a) Feasibility study | (b) and Il (c)

L Uoopt> N N %
5 O
S ‘\

-~

R

| New buildings

Industrial buildi - :
B Tnaostet g i - Existing buildings ¢

© Residential buildings b)

Reference: Lobaccaro, G.; Lisowska, M.M.; Saretta, E.; Bonomo, P.; Frontini, F. A Methodological Analysis

Approach to Assess Solar Energy Potential at the Neighborhood Scale. Energies 2019, 12, 3554
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Sluppen — Feasibility study....20507?

New and existing buildings in existing situation (a) Feasibility study I (b) and Il (c)

Inputs

Outputs

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Urban analysis Solar radiation Solar mapping Data processing Definition of Solar potential,
analysis archetypes & solar energy )
ReduchOIEaEIbrs generation analysis
and technology
recommendations
m? av'ailable.area s> radiation map > |-average Yal.ues of = analy_sis_ ofarea (m?) |, |- calc.ulation ofreal | _|_solar grid-based
H/w height/width ratio - ) solar radiation on of building enve.lop available area for analysis of solar
between the - rac‘ilatlon analysis at the roofs andon the grouped accor.dmg solar systems rddiation
buildings neighborhood scale facades of the to solar potential
[H buildin g heights (annual and seasonal) buildings - solar technologies
A roof types recommendations
7 } < \/’ v
7 =0 a "N
R 1A
-J v ) ..\'J ;
% s ®
’ \3\' o
4 !' ‘Q\
o i B 7

- Diva-for-Rhino
- Eixcel

- Diva-for-Rhino
- Excel
- Autocad

- Rhinoceros + Grasshopper
- Excel

- Rhinoceros + Honeybee
- Revit
- Excel

- Diva-for-Rhino

Tools

Reference: Lobaccaro, G.; Lisowska, M.M.; Saretta, E.; Bonomo, P.; Frontini, F. A Methodological Analysis

Approach to Assess Solar Energy Potential at the Neighborhood Scale. Energies 2019, 12, 3554

72
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Reduction factors

Sacc- S

2 S - Sg- ;
Reduction factor IR, windo(:s: zurface gross %acadc Reduction factor IR, parapet surface  gross facade surface Reduction factors IR and R,
surface with balconies :

L‘

a) L-shaped building ‘

f) U-shaped and courtyard

h & & ©© €

a) L-Shaped  b) Tower ¢) Mid-rise d) Row ¢) Linear f) Courtyard building

b) Tower g : ¢) Mid-rise office building building office building house building U-Shaped building
'] Unsuitable area for solar systems installation | | Suitable area for solar systems installation

Reference: Lobaccaro, G.; Lisowska, M.M.; Saretta, E.; Bonomo, P.; Frontini, F. A Methodological Analysis

Approach to Assess Solar Energy Potential at the Neighborhood Scale. Energies 2019, 12, 3554
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Recommendations on solar technology

Recommendations on solar technology for the critical area for the feasibility study Il

b)) | [E—

Building 118 -
[ I I B > | QoA L _}If;gnocrystalline N; 1000 oo
___________________ || BIPV § 600 H444+—14--F
y Building 115 ~
K < 400 {1
S & 200 -
V;v E
. 1 S 0 T N® Do~ o g
T < &5 = o
S Building
Building 116 § - tower
A —y N
) . o Thin fil
——¥ J feg N nnim
| l 'Building32 Bu1ld1ng 119 ] IC’Z\l,ass-glass sollarcclls

Reference: Lobaccaro, G.; Lisowska, M.M.; Saretta, E.; Bonomo, P.; Frontini, F. A Methodological Analysis

Approach to Assess Solar Energy Potential at the Neighborhood Scale. Energies 2019, 12, 3554
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Challenges and lessons learnt

The challenges in this study are as follows:

Support planning decision-making tool for solar energy integration since the early design stages
. Identify suitable building surfaces, roofs and facades for BIPV integration.
. Evaluate and compare the solar potential of different project scenarios.

Optimize the solar energy potential by controlling their impact on the solar availability of existing buildings.

The lessons from the developed workflow are as follows:

. Avoiding switching between software will probably be beneficial when it comes to simplicity of
methodology.

. Use the co-simulation approach by connecting existing tools with pre-algorithms developed through
programming languages (eg python, MATLAB Simulink, java, C ++).

. The developed approach can be replicated for different building and urban scenarios for multiple design
proposals and geographical locations.

. The building archetypes that define the reduction factors can also be replaced by building types that are
unigue to each location.

Referanse: Lobaccaro, G.; Lisowska, M.M.; Saretta, E.; Bonomo, P.; Frontini, F. A Methodological Analysis

Approach to Assess Solar Energy Potential at the Neighborhood Scale. Energies 2019, 12, 3554
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International activities

SOLAR HEATING & COOLING PROGRAMHE
INTERNATIONAL ENERGY AGENCY

How to Integrate Solar Energy in New or Existing Urban Arei| JJZi5 ¢ 51/Rep0rt C1

This map works as a platform for the case studies collection coordinated by Subtask C "Case studies and action rese: . .
Collection of International

Case Studies

In the map all the analyzed case studies are marked according to the different environments (orange for existing urbai
and green for landscapes). For each case study a dedicated brochure (.pdf file) describing the case can be downloadel

Click on the top left icon for the navigation menu or click on the top right icon to view the map full screen with menu.

Publications

97 Attractive Solar Solutions for Urban and
Case Studies. o
Related Sites.
S ) ' ’”U‘fram,e Pros
Member Area N ) ®' Collection, of In
Contact

Task 51/Report C2
9 8@ o National and International
' R 5 “ | Comparison of Case Studies

Ireland

o : S Task 51/Report C3
gl ! e A Lesson Learnt from

. spai .
- i Case Studies
— Gec»glc}My Maps
12018 Gooale. INEGL ORION-ME Terms 200 km L) 2 -

Reference: Lobaccaro G., Croce S., Lindkvist C., Munari Probst M.C, Scognamiglio A., Dahlberg, J., Lundgren M., Wall M., A cross-country perspective on
solar energy in urban planning: lessons learned from international case studies, (2019), Renewable & Sustainable Energy Reviews , pp. 209-237
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http://task51.iea-shc.org/case-studies
Task51-Report-C1-1805031.pdf
Task51-Report-C2-180208.pdf
Task51-Report-C3-1804185.pdf

Thank you!

Gabriele Lobaccaro

Associate Professor
E-mail: gabriele.lobaccaro@ntnu.no
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