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RLS Sciences & The Energy Network
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A RLSSciences hafbur research and development themes RLEnergyNetwork
in 2016, which were carefully chosen to reflect the best
potential for scientific cooperation between the seven RLS
regions:

Energy Digitization Aerospace SmallSatellites

RLSEnergyfocuses orenergy RLSDigitizationis RLSCampus Aerospads RLSSmall Satellitess
innovation across the RLS regions, assessing the effects of supporting the exploring newpossibilities
throughkey themes (renewable digital integration through development of young for Earth observation and
energy energy efficiency, energy "Beyondindustrie4.0." aerospace researchers. telecommunications.
storage and conversiomasteto-
energy)
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RLS Sciences & The Energy Network

RLEnergyNetwork

A Within the framework oRLSRLSSciences aims at generating and
supportingacademic, scientific, and technological exchangas
well asthe initiation of multilateral research projects

Internationalize
Facilitate and support the development of international
research partnerships between scientists in RLS regions

A GOALS: |Innovate
Create a framework with which researchers from RLS regions

can develop new innovative ideas together

Invest
Support RLS scientists by finding funding opportunities for
their RLS projects

—INSTITUT



RLS Sciences & The Energy Network

Multilateral & Multilevel Governance Eh e[S
RL3EnergyNetwork

Regional Leaders Summit gt
(RLS) [0 RLS leading region 2018
RLS leading region 2020
Bavaria Georgia Québec Sao Paulo Shandong Upper iustna Western Cape
i L] a a i 4

RLS-Sciences
* Small Satellites
ion Dial
Global Campus Aerospace
Renewable Energy Network
Bavaria Georgia 1ébe Sao Paulo Shandong Upper Austria || Western Cape
» Scientific Coordinator * Scientific Coordinator * Scientific Coordinatar * Scientific Coardinator * Scientific Coordinator * Scientific Coordinstor
* Administrative Coordinator * Administrative Coordinator ) * Administrative Coordinator * Administrative Coordinator * Administrative Coordinator * Administrative Coordinator
« Political Coordinator « Political Coordimator ] * Poiitical Coordinator * Palitical Coordinator » Political Coordinator « Political Coordinator
Overall Management Team
« Scientific Representative
* Management Regresentative
« Gavernmental Representative and Lisison Presidency
[
RLS-Sciences RLS-Sciences
2 e = President Vice-President

9th REGIONAL 9 ! 5 SuUMMDT NENERGIE
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RLS Sciences & The Energy Network
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Background & Objectives LY LI
RLEnergyNetwork

A The RLS Energy Network was initiated subsequent to the RLS meeting in S&o
Paulo in 2012t was agreed among the participants that renewable sources of
energyrequire extensive research

A TheRLS Energy network is used as a means to bring together complementary
strengths in energy research to be shared and further developed in a joint.effort

A Theobijective of the RLS Energy Network is to leverage the geographic and
scientific potential of each region through cooperatiorthe following fields:

A Renewable Energy hitps://www.rls -energynetwork.ord

A Storage& Conversion e S R 28\ ¢

A EnergyEfficiency

A Wasteto Energy
9h REGIONAL 9 ! 5 SUMMIT ENERGIE
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RLS Sciences & The Energy Network

Activities oD @ B

RLEnergyNetwork

2002: Inaugural Regional Leaders Summit held in Munich

2012: Sixth Regional Leaders Summép $aulo (Energy)

The RLS Member States committed to intensify cooperation in research in renewable energy

2013:International Seminar on Biomass, Biogas and Energy EfficicsaoyPaulo
The seminar identified and disseminated leading scholarly work on biomass, biogas and energy efficiency from RLS members.

2014: RLSEnergy Network meets in Western Cape

Members met for a workshop on second generation biofuels and to explore technical cooperation amongst the RLS members.

2015: RLSEnergy Network meets in Québec

Representatives of the Energy Network met to discuss network structure, network management, and next steps.

2016: RLEnergy Network members present at iISEneC 2016 in Nuremberg
. 2017: RLSEnergy Network meets iMontréal

Members met to discuss clean energy, biomass and energy storage in the RLS regions.

. 2017: RLSEnergy Networlpresentsto WindAcconferencein Cape Town
¢CKS 22Ay il O2yhe edidalrol& andbdniSite.af wikdPowear monitoring process for the partner regions
CFOFENREFS DS2NEAFS ! LIISNI ! dZAGNRL S vdzSoSOs {n2 tldd 25 {KIyR2)

. 2017:1st UpperAustrian RL&EnergyNetwork Stakeholdemworkshopin Linz

Scientists from Upper Austria and Bavaria introduced their research activities on-ReiXeenergy systems, energy storage
and ICT ecosystems for energy savings on the household level to the stakeholders.




Regional Renewables Allian@gloint Research Proje
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3. Regierungschefkonfere—n.z! 2 2
e e ObJeCtlve RLSEnergyNetwork

ional Leaders’ Summit

To promote the global integration, storage
and transportation of renewables energies

Preparatory phase

- Monitoring

- EnergySystemAnalysis
- TechnologyMap

- Training& Exchange

- MasterPlan

Implementation & Demonstration

| 2017 Transcontinentaldemonstration projects that
establish, test and evaluate new technologies
O REGIONAL 9 ! 5 SUMMIT ENERGIE
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Regional Renewables Allian@gloint Research Proje

Work Packages

The RegiondRenewables Alliance
jointly produced aoadmap which

lays out how they will work towards
developing multilateral projects on
renewable energies across the seven

partner regions.

N® 1

- in progress -

RLEnergyNetwork

Work Package

Coordination

1.1 Establishing back offices

1.2 Coordination of network meetings

1.2 Public relations and Regional Renewable Alliance Website

N® 2

- in progress -

Monitoring report
2.1 Renewable energy potentials of the partner regions

2.2 ldentification of scientific, industrial and administrative key players

23 Setup and link of individual databases for each partner region

mE:mmIie

N" 3

Energy System Analysis

3.1 Reszarch papers

3.2 Public consultation and expert workshops
3.3 Development of overall strategy

N" 4

Regional Science and Technology Map

4.1 Visualization and publication of the key players database
4.2 Definition of thematic clusters

4.3 SWOT analysis of the partner regions

N® 5

- in progress -

Training courses, Scholarships and Summer S5chools

5.1 Establish a cooperation on the training level

5.2 |dentify or establish finding mechanisms for schelarships
5.3 Roll out scholarships

9 REGIONAL 9 ! 5 SUMMIT

EnergyTransition: Towards a Low Carb&ctonomy
QuébecCity, Chatealrrontenac, May 17" 2018

N° 6

Regional Renewable Alliance - Masterplan

6.1 Work program for transnational funding scheme
6.2 Database for transnational funding opportunities
6.3 Definiticn Masterplan

ENERGIE
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Monitoring on Renewable Energy in the REt&yjions
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RLEnergyNetwork

Methodology

Energy Overview - Data
ORK DATABASE : Gross Inland Energy Consumption

2 Domestic Primary Energy Production
+ Primary Energy Imports.
i

Unit Converter & Exchange Rates

8a) HYDROGEN & RUEL CELLS - DATA

2c) WIND - FORECAST

2d) WAIRRESERBHA vt 1 Fi A ~ BGHr ~ 2 » LI sewe i
alluiuciIiuiico o I\.q CETn IR S : —
3a) SOLAR THERMAL - DATA 9a) GEOTHERMAL - DATA
3b) SOLAR THERMAL - REGULATORY FRAME  9b) GEOTHERMAL - REGULATORY FRAMEWORK Solar Thermal - Data
3c) SOLAR THERMAL - FORECAST 9c) GEOTHERMAL - FORECAST
§130) SOLAR THERYAL - RESEARCH 9d) GEQIHERMAL - RESEARCH AR O .. e
Jatacoilection(ivi A\/ /201 7C T |\/m\/ 2018 wit SIS e
78) PHOTOVOLTAIC - DATA Koa) GRIDS - DATA Y 7 -
4b) PHOTOVOLTAIC - REGULATORY FRAME\ | |10b) GRIDS - REGULATORY FRAMEWORK e — e
40) PHOTOVOLTAIC - FORECAST 100) GRIDS - FORECAST it s
4d) PHOTOVOLTAIC - RESEARCH 10d) GRIDS - RESEARCH b mertion muss
IR ceneirgy Res M:T‘::‘::‘:“‘“;twm - -
Gﬁldtﬁ b)\le 1€1gy 1a) ENERGY SJORAGE & SYSTEM INTEGRATION - DATAR E S 6 T v
5b) BIOENERGY,- REGULATORY FRAMEWOR | EMERHEIO HOXEI HER S TEM INTEGRATION - REGULATQRY . VI I A A I T I
EOQOHERTIORECAST 11c) ENERGY STORAGE & SYSTEM INTEGRATION - FORESASH ) @
_|50) BIOENERGY - RESEARCH 11d) ENERGY STORAGE & SYSTEM INTEGRATION - RESEARCH o L e e um

Total Population P (Persons)
— N — . Population < 20 years. P
oa) eNggIq Chra 120 NEROYEQICHEQVURPO N S - NIVers oo, .
6b) BIOFUELS - REGULATORY FRAMEWORK 12b) ENERGY EFFISJENCYZ REGULATORY FRAMEWORK Population> 20 <65 yeus *
6c) B RECAST 120 {EryzORIAMEYSIoMS - YNFUN| Forensisrees x
6d) BIOFOEL'STHESEARCH 12d) mﬁhéf( EFERIENTY SRESEARSAS ! T 1 et C— ) M
Dinmaca riddevctame 1 j | ok v peron .
70 HiHOPASS o SSHASYstems HEDUSTR e 8
7b) HYDRO - REGULATORY FRAMEWORK 13) CLIMATE DATA e T rerene by
7c) HDRY LEHREE AST 14) DEMOGRAPHIC DATA Household with 4and more ppersons i
Households with 4 and more Ppersons %
7d) HYDRO - RESEARCH 15) MACROECONOMIC DATA Median Howsehod e v
- (5 p()‘[‘nprmau | |16) NATIONAL CONTEXT

rJI ViHIviuIvVII AuviLuivi I
Edition: January 201&Energieinstitut an der JKU L]
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Monitoring on Renewable Energy in the REt&yjions

Methodology

ENERGIE
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1 TECHNOLOGIEZENTRUM Bayerische
ENERGIE Forschungsallianz
P
(. E UNIVERSITE DE
SHERBROOKE

Québec mama
. R\ IS
Q

GreenCape
CENTRE FOR Supsoring the business of green
RENEWABLE & SUSTAINABLE
ENERGY STUDIES
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LY
RLEnergyNetwork

Multilateral and multilevel cooperationfor
data collection

Federal State Bavaria |-

m‘: e el
] Capital Munich

Population: 125m

Federal State Upper Austria

Country: Austia
Capttal: Linz
Population: 14 m

‘ Country: Canada
u Captal: Québec City

Population: 7.6 m

Federal State Georgia
[ 4 Country: USA
“7 7§37 Captal Atanta
Populaton: 9.7 m

. Provnce Shandong
) Country: China
Capttal: Jinan
Population: 99.5m
hJ
-

Federal State Sdo Paulo
Country: Brazil
Capttal: Sao Paulo
Population: 42m

=T

Province Western Cape 4 P 4

‘3 , Country: South Afica
4 Capttal: Cape Town
Population: 52 m

ENERGIE
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Monitoring on Renewable Energy in the REt&yjions

w80 8H3%
RLEnergyNetwork

Summary

Thecollection of data and information reveals that the RLS partner regions represen
all main renewable energy sources and have already established large capacities at
remarkable growth rates in the past.

TheRLS regions integrat@nd, solar, biomass hydro and geothermalresources into
their regional energy systeand utilize them forelectricity, heatandfuel production.

It also provides insights into new and developing technologiesadanced storage
fuel cellsandgrid systems

Several RLS governments face national regulation for renewable energy and
implementedtargets, voluntary actionsandincentive programs.

Research & Developmeractivities with regard to renewable energgke a significant
LI NI Ay (0KS OGN YATF2NXIFOAZ2Y 2F (0KS w[ {
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Monitoring on Renewable Energy in the REt&yjions

Regional key facts

RLEnergyNetwork

These indicators help to categorize the role of renewable energies with geographic,
climatic and soci@conomic key factors of the RLS partner regions.

Macroeconomic Data

Geographical Data s Ll o some

Link
Exchange Rate US$ / € uss/€
Gross Regional Product (current prices) MuUs$
Primary Sector us$
LD L] N e Primary sector %
Total Area km? secondary Sector uss
Secondary Sector %
Permanently Inhabited Area km* Tmimxm, uss
Total Population P (Persons) TETn STy £
i Inflation Rate %
Inhabitants per Total Area P/ km? ¢ jon of Private Uss
Inhabitants per Permanently Inhabited Area P/ km? (ESE=rme us$
Disposable Income us$
Exports us$
Imports us$
Employment P (Persons)
Primary Sector P
Primary Sector %
Secondary Sector P
Secondary Sector %
Tertiary Sector P
Tertiary Sector %
Climate Data Demographic Data
2005 -] 2030  Source Link
Mean Air Temperature RC ] f T RCE S P
' : Population < 20 years %
Rainfall liter / m* Population 2 20 and <65 years 3
. . - Population 2 20 and < 65 years %
Days with Rainfall (> 0.1 liter / m?) days ; i p,,:“,aﬁ,,,,amws ! P
SUI'IShiI'IE hou s Population 2 65 years %
H B Total Private Households HH (Households)
Households with 1 Person HH
Households with 1 Person %
Households with 2 Persons HH
Households with 2 Persons %
Households with 3 Persons HH
Households with 3 Persons %
Households with 4and more Ppersons HH
Households with 4and more Ppersons %
Median Household Size P

9 REGIONAL 9 ! 5 SuMMDT ENERGIE
EnergyTransition: Towards a Low Carb&ctonomy INSTITUT

QuébecCity, Chatealrrontenac, May 17" 2018 der ohar 12
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Monitoring on Renewable Energy in the REt&yjions

. 58 8 B
Regional key facts '
9 y RLEnergyNetwork
Province Québec : £ ol S a Federal Stot= Bavaria
‘ Couriry: Canada Y sl . County: Germany
Capital: Québec City By = 4B VR e« 0000 W o ) * Capital: Munich
‘ ; GRP (2015): 279 kn 5 A ¢ , GRP (2015): 609 b US$

Populaton (2015): 8.3 M Pogudation (2015): 128 M

Federal Stat Upper Austria
Federal St Georgia ' 2"‘""::"
%, Country: USA et
- ~4aC Copital: Aianta GRP {2045): 65 kn US$
" Poguiation (2015 T6M | Popuiation (2015} 1.4 M

Province Shandong
Country: China

Capital: Jinan

GRP (2015): 1008 bn US$
Populagion (2015): 98.5M

Federal State S30 Paulo

' Courtry: Brazd
Capital: S30 Pauio
GRP (2015): 582 M

Populaton (2015). 42 M

Province Western Cape
Country: South Africa
Capital: Cape Town

GRP (2045): 3 kn USS$
Poguation (2015): 6.2 M

The RLS regions are located on 4 continentsasmadeographically, climatically,
demographically and economically diverse.

9 REGIONAL 9 ! 5 SuMMDT ENERGIE
EnergyTransition: Towards a Low Carbd&conomy INSTITUT
QuébecCity, Chateaurrontenac, May 17" 2018 R R L 13
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Gross inland energyonsumption- exemplary results

Thegrossinland energyconsumptioncorrespondgo the amountof energyusedto coverthe
domesticdemand(boundaryis the regionalborder). It is defined asthe sum of the domestic
primary energyproduction, primary energyimports and primary energystocksminusprimary

energyexports

Bavaria: Gross Inland Energy Consumption

2 000

R——

1000 -~

500 A

0 B . . . P
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

B Electricity Exports (-) / Imports (+) M Renewable Energy incl. Waste
Gas Oil
B Coal

SourceMonitoring Report orRenewable Energy in the RLS regions
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Upper Austria: Gross Inland Energy Consumption

400

300

200

100

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
B FElectricity Exports (-) / Imports (+) ®  Renewable Energy incl. Waste
Gas = Qil
B Coal

ENERGIE
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Monitoring on Renewable Energy in the REt&yjions
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Gross inland energyonsumption / Final energy consumpticrexemplary results

Accounting for norenergy consumption, transformation losses, transport losses and the
consumption of the sector energy leads to the final energy consumption.

Quebec: Gross Inland Energy Consumption Quebec: Final energy consumption

2500 2000
2000 1500 + || | || | || | | | | | |
© ©
= 1500 =
o g 1000 -
1000
500 -
500
0 -
0 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 )
B Iron/ Steel / Chemistry
B Electricity Exports (-) / Imports (+) B Renewable Energy incl. Waste B Public and Private Services B Transport
Gas Oil
B Coal Households Agriculture
SourceMonitoring Report orRenewable Energy in the RLS regions
oth REGIONAL 9 ! 5 SuMMDr ENERGIE
EnergyTransition: Towards a Low Carbd&tonomy INSTITUT
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Monitoring on Renewable Energy in the REt&yjions
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Gross electricity generationexemplary results

Bavaria: Gross Electricity Generation

60 000

50 000

40 000 -
30 000 -

GWh/a

20 000 -
10000 + - — - - = = = = = =

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

m  Coal Qil
Gas B Non renewable waste

B Biogenic fuels + renewable waste B Hydro
WIND + PV + GEOTHERMAL

SourceMonitoring Report orRenewable Energy in the RLS regions
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Quebec: Gross Electricity Generation

250 000

200 000

150 000 -

100 000 -

50 000 -

0 —

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Coal Qil
Gas B Non renewable waste

Biogenic fuels + renewable waste B Hydro
WIND + PV + GEOTHERMAL
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2012

2013

2014

2015

Bavaria

Total Installed Solar Panels m2 5,401,200| 5,667,400| 5,889,400 6,068,100 6,295,50(
Annual Installed Solar Panels m?2 331,200 266,200 222,000 178,700 227,40C
Active Generated Annual Heat GWh 2,260 2,230 2,668 2,561 2,55€
Solar Panels per 1,000 capita m2/1,000 431 450 464 472 487

 Shandong

2015

Total Installed Solar Panels _-—_ 100,000,000

Upper Austria

2012

2013

2014

2015

130,000,00(

Total Installed Solar Panels m?2 1,266,000| 1,309,000| 1,339,000 1,369,000 1,429,00(
Annual Installed Solar Panels m2 51,000 43,000 30,000 30,000 25,00C
Active Installed Capacity MW therm 890 920 940 960 920
Active Generated Annual Heat GWh 440 450 455 460 500
Solar Panels per 1,000 capita m?/1,000 900 920 890 900 1,00C

SourceMonitoring Report orRenewable Energy in the RLS regions

;i a8
. negw:tlgf % t

Exemplaryresults

A In the regionBavaria Shandongand Upper Austriaapproximatelyl138
million m2 solar thermal collectorsvere installed i2016

A Nowadays about 1 m2 solar panels per inhabitant were installed in Upper
Austria. Because of thislpper Austriabelongs to one of thevorld's leading

solar thermal regions

9" REGIONAL 9 ! 5 SuUMMDT
EnergyTransition: Towards a Low Carb&tonomy

QuébecCity, May 17 2018
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Monitoring on Renewable Energy in the REt&yjions
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Photovoltaic powercapacities andjeneratedelectricity - exemplary results

14,000
12,000
10,000

8,000

MW, i

6,000
4,000

2,000 -

Bavaria: Installed PV capacity

T T T T T T T
2006 2007 2008 2009 2010 2011 2012 2013

T T T 1
2014 2015 2016

PV capacity stock Annual Photovoltaic Capacity

Bavaria: Photovoltaic -generated electricity

12 000

,D/D\D

10 000

8 000

—

/:/

6 000

pd

4 000

e

2000

D/D/‘T
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—— Photovoltaic-Generated Electricity
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Upper Austria: Installed PV capacity

200
180
160
140
120
100
80
60
40
20

SourceMonitoring Report orRenewable Energy in the RLS regions

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

PV capacity stock Annual Photovoltaic Capacity

Upper Austria: Photovoltaic-generated electricity

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

—— Photovoltaic-Generated Electricity
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Monitoring on Renewable Energy in the REt&yjions
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Photovoltaic powercapacities andjeneratedelectricity- exemplary results
Shandong: Installed PV capacity Georgia: Photovoltaic -generated electricity
1,400 1338
1,200 800 /):|
« 1,000 < 700 /
ﬁ £ 600 /
> 800 % 500 /
2 G0 N 400 /
300 /
400 — — 200
200 — B — 100 —L d
0 o T / T T
0 ' ' ' ! ' ' ' ' ! ' ' 2012 2013 2014 2015 2016
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
PV capacity stock Annual Photovoltaic Capacity —F—Photovoltaic-Generated Electricity
SourceMonitoring Report orRenewable Energy in the RLS regions
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Monitoring on Renewable Energy in the REt&yjions
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RLEnergyNetwork

Heat from biomassexemplary results

Upper Austria: Heat from biomass

70

PJ

40

20 1

10

2011

2012 2013 2014

M Solid Biomass Liquid and Gaseous Biomass

Sao Paulo: Heat from biomass

1600

2015

1400

1200 ———  —  —

o

ANIVET § E 2 » B OB - ® OE B
800 -
600 -
400
200

0 -

2007

2008 2009 2010 2011 2012 2013 2014 2015

B Solid Biomass Liquid and Gaseous Biomass
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2016
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®  Woodchips

B  Combustible waste® Liquid biogenic

H  Woodchips

B Combustible waste ® Liquid biogenic

Upper Austria: Heat from biomass segmentation

2011

2012 2013 2014 2015

Woodbriquette ®  Firewood
B Gaseous biogenic

Other biogenic B Waste liquors

Sao Paulo: Heat from biomass segmentation

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Woodbriquette B Firewood
B Gaseous biogenic

Other biogenic M Waste liquors
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Monitoring on Renewable Energy in the REt&yjions
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Electricity from biomassexemplary results

Quebec: Electrical energy from biomass (incl. Waste)

2500

2000

GWh

1500

1000

500

2006 2007 2008

2009

2010 2011 2012 2013 2014 2015 2016

—&—Electrical energy from biomass (incl. Waste)

Sao Paulo: Electrical energy from biomass (incl. Waste)
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8000 '::;;:::;l-===-——=::!5\<::;;::::;;:;;,Ih-::.rgﬁfi!::::=l—_
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6000
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—&—Electrical energy from biomass (incl. Waste)
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1
2016

Sao Paulo: Electrical energy from biomass (incl. Waste)

b i :
RLEnergyNetwork
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7000
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B Landfill biogas H Firewood
Lixivium Urban Solid Waste
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Monitoring on Renewable Energy in the REt&yjions
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Electricity production by hydro poweexemplary results

Bavaria: Total electricity production by hydro power Quebec: Total electricity production by hydro power
16 000 250 000
14 000
200 000
12 000 ,?.g'évgvé M
S 10000 S 150000
o o
8 000
6000 100 000
4000
50 000
2000
—@—Total Electricity Production —&—Total Electricity Production
Upper Austria: Total electricity production by hydro power
12 000
In SdoPauloare 48 large hydropower plants existing,which 10000 W,Aﬁ
produced62,280 GWhin 2017, ©  som
. . 2
For the future an increaseof hydro power is planned,by © .,
2020about 70,080 GWhand by 2030approximately73,093 4000
GWhof electricity shallbe generated 5 000
SourceMonitoring Report orRenewable Energy in the RLS regions —% Total Electricity Production
9h REGIONAL 9 ! 5 SuMMDIT ENERGIE
EnergyTransition: Towards a Low Carb&ctonomy INSTITUT

QuébecCity, Chatealrrontenac, May 17" 2018 S0 Joheones epies niVersils e 22



CLY L
nergyNetwork )

Installed wind power capacities and whggnerated electricity exemplary results

Québec: Installed capacities Québec: Wind-generated electricity
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