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PROJECT

[ WP1: Contextual Framework ] 1. 3 Living Labs

2. Domestic, Historical
& Public Buildings
3. Solar farms

[ WP2: Feasibility case studies J

[ WP 5: Project Management ]

[ WP 6: Communication ]
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Leader of WP1 (Contextual framework) with activities and deliverables :

» Guidelines for benchmarking and pilots

» Technical report on smart grids

» Report regarding solar energy market analysis, legal issues and future potential
» Report regarding solar energy harvesting cost and investment models

» Technical report on hybrid PV/T systems

« Technical report on innovative solar technologies

- Database as inventory of existent pilots, of benchmarks and of good practices

Output 1: Guide package

on legislation, market, technologies and best practices in the 2Seas
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Global energy context: RE roadmap 20507

Electricity consumption (TWh) Industry and buildings Transport final energy consumption (PJ/yr)
final energy consumption (PJ/yr)
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Case \— Case —/ Case \— Case —/ Case \— Case —/
Others (incl. marine and hybrid) District heat: Renewab [ Hydrogen
I Geothermal Electricity: Renewa Liquid biofuels/biogas
[P Bioenergy [ Modern biomass Non-Renewables

I Hydro power [ Traditional biomass District heat: Non-Renewables

t Electricity: Non-Renewables
[P Solar thermal

Source: IRENA 2018 ‘Global energy transformation: A roadmap to 2050’
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The potential of solar thermal by 2050

Buildings final energy consumption (PJ)

120 000
100 000 3 6(}/ District heat: Renewables
(o]
Renewables [ Electricity: Renewables
80 000 I Geothermal heat
[0 Solar thermal
60 000 7 7% B Modern biomass
6 4 t__y Renewables I Traditional biomass
24 District heat: Non-renewables
40000 Non-Renewables
{i.'h{i),jo‘ Electricity: Non-Renewables
20 000 2 3 o B Gas
9 B o
Non-Renewables
0 - Bl Coal

2015 — 2015-2050—— 2050
changes ““REmap Case ~

Source: IRENA, Global Energy Transformation 2018

EU target of 1 m2 of solar-thermal installations per person
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EU energy context. Renewables

%
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Renewable heat

Renewable electricity
Renewable transport =% Of renewables in total energy consumption
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Global energy context: Energy consumption

100%
90% = Other end uses
80%
uLighting and appliances
70%
60% u Cooking
50%
= Water heating
40%
30%
= Space cooling
20%
10% = Space heating
0%

Electricity Derived Heat Solid Fuels Oil & Petroleum Renewables and
Products Wastes

EUROSTAT: Final energy consumption in the residential sector by type of
end-uses for the main energy products, EU-28, 2016
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y context — embedded in EU

WA

investment: Economic growth®: Decarbonisation:

extra EUR 177 billion per year 1% increase in GDP Carbon intensity of the

of investment from 2021 EUR 190 billion into the economy 43% lower in

to meet 2030 climate & energy economy 900,000 new jobs 2030 than in 2015

targets Crucial role for EFSI *Upper end of estimates 728 share of non-fossil fuels

in electricity generation in 2030
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25eas energy context — embedded in EU

e
W

Energy Union and
Climate Action

Investment Plan Skills Agenda
Attracting additional Adapting the workforce
Investments

Digital Single Market

Capital Markets Ty Empowering citizens
Unien and consumers
Triggenng sustainable Innovation

finance for the

clean econormy Bringing new technologies Circular Economy

from research to market
Achieving a recourse-efficient

low-carbon ecanomy
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Cost savings by RE-sourcces

Additional REmap Optlions

Additiona
cost cost

-.! | Py ! s
m._
Fa iy r; -

Fabp’ Fil; 22% 3% % 5% 6% IT% 2% 25 3% 3T 2% 33% 3%
MENA anaiysh

Moderate cost savings Addrtional cost
=Heat pumps « Bipmass in industry
= Electric vehicles « Conventicnal bioethamol
«Brodiesal « Baoemass in power and
«Geothemmal district heating district heat

« Geathermal power Solar thermal in industry « Advanced hinethanal

» Biokerosens
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Barriers to investments in RE-sources

BARRIERS TO INVESTMENT

C%Nglgﬁgg = LACK OF POLICY ACCESS GRID ACCESS UTILITIES s CANNING

TO FINANCE & PERMITS

GOVT. RE LACK OF INFO. ELECTRICITY LACK OF LACK OF R+D LAND
POLICY & LAW & EXP. MARKET EXISTING TECH. AVAILABILITY

NAT. ECONOMY FINANCIAL ACCESS TO
& GOVERNANCE STRUCTURE TECH.

FINANCIAL LACK OF
CRISIS SKILLED LABOUR

ROI FOR RE

PROJECT &
INDUSTRY SCALE
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Innovations/technologies:
PV/T hybrid systems

Cost/investment

Solar energy market
models

Legislation/regulations

Innovations/technologies:
BIPV, transparent, CSP

Innovations: smart grids

b

SMARTGRID 1 | !

Guidelines for Database with pilots,
benchmarking and pilots good practices and benchmarks

P T S
Selective |
- mmbram\‘
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SWOT — Solar energy in 2Seas

Database with pilots,

good practices and
benchmarks Legislation/regulations

Cost/investment models

Guidelines for o)
benchmarking and pilots

PV/T hybrid systems

Innov. Techn.: BIPV,
transparent, CSP

Smart grids
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25Seas — solar energy market

=« - World market PV scenarios 2018 — 2022
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25Seas — solar energy market

ROOFTOP PV UTILITY SCALE PV
120 — «  Smaller PV-installations 160 — * Larger, ground based PV-install.
«  Own by user +  Commercial 1488
* Residential, public building, commercial 140 —
100 —
837 120 —
80 —
100 —
2 60— F 80 — 712
60.3
40.2 60 —
40 —
27.9
40 —
20 —
20 —
0 — _-— - . 0 —
2017 2018 2019 2020 2021 2022 2017 2018 2019 2020 2021 2022
Historical data Low Scenario High Scenario

Scenarios for PV installations 2018 -2022
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25Seas — solar energy market

100 —

80 —

70—

60 —
£ 50 —
40 —
30 —
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10 — I I
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. Residential . Commercial Industrial Utility scale
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25Seas — solar energy market

2017 2022
Rest of Europe
10%; 876 MW
Turkey Germany
Ukraine 2%; 211 MW 28%; 2,588 MW Rest of Eum 19%; 3,092 MW
Austria 2%; 170 MW 18%; 3,854
Gresce 3%; 543 MW
France
59%:; 3,240 MW\
8%; 770 MW
Italy 9%; 1,824 MW
Turkey

France 10%; 873 MW

109%: 2.250 MW

Netherdands
99%; 1,912 MW

Germany
19%; 1,760 MW  Spain 79%; 1,840 MW

10%, 954 MW

niterreg A
= Ghent Technology Campus
ggfisn'g?s £oeen Lm Dust—\!laand ere Faculty of Engineering Technology KULEUVEN

P




SWOT 2Seas Solar energy market

e (Almost) No PV-panels production
* Expensive monitoring/control
solutions

* Low(er) prices components
* Reliable products (warranties)

S|W

* Innovations to be exploited:
floating PV, Agrovoltaics, PV/T, ....

interreg H
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SWOT — Solar energy in 2Seas

Database with pilots,
good practices and
benchmarks

Legislation/regulations |

Cost/investment models

Guidelines for o)
benchmarking and pilots

PV/T hybrid systems

Innov. Techn.: BIPV,
transparent, CSP

Smart grids
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2Seas — solar legislation/regulations

Barriers for solar enerqy uptake

- Uncertainty of incentive schemes
Investment companies, citizen not sure whether it is worth to invest in solar

- Environmental planning
Specific regulations for rooftop PV systems - eg historic buildings, monuments
Envrionmental issues for solar farms — preservation of biodiversity, agriculture

- Lack of integrated climate policy

Eg responsibilities are split amongst different federal, regional and local
authorities in Belgium
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2Seas — solar legislation/regulations

Cut out least ' Incentivise choice of Encourage development
sustainable higher sustainability of new, more sustainable
products products products

T€
N

Feolabel

Products
on the
market

ECO|,b.E_|

Support Innovation:

voluntary initiatives \

Relative sustainability of products

Low  pEE—— -  High

- European
Commission
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SWOT — Solar energy in 2Seas

Database with pilots,

good practices and
benchmarks Legislation/regulations

v, )
(Cost/investment models |

Guidelines for o)
benchmarking and pilots

PV/T hybrid systems

Innov. Techn.: BIPV,
transparent, CSP

Smart grids
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2Seas — cost/investment models

350 —
300 —
250 —
200 —

0

LCOE (USD/MWh)

10—
50 —

0D —
I I I I I I
Residential PV Commercial PV Utility-scale PV CCGT Coal Nuclear

Cost of Capital: 8% CoD, 10% CoE . Cost of Capital: 8% CoD, 14% Cok

Source: Lazard {2017}

Solar electricity generation costs in comparison with other renewables
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2Seas — cost/investment models

Solar energy market in the UK is represented primarily by Photovoltaic (PV) electricity generation. The total
installed PV capacity at the end of 2018 Q2 was 13.012 GW. As can be seen from Figure 28 and Table 1, the
growth in the installed capacity slowed down sharply in 2016 and went down even further in 2017. The latest

data show that the growth has halved in 2018 compared to 2017.
20
| - l | | I i | |
’ a3 4 i..'llﬁ a2

a3 04 01 Q2
07

alled capacity (GW)

W25MW+
W5-25 MW
W50 kW-5 MW
¥10-50 kW
4-10 kW
0-4 kW

Pre 2009 estimate (not visible)
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2Seas — cost/investment models

BELGIUM:

2018 188 MW newly installed PV capacity mostly

- residential PV systems < 10 kWp under net metering selling energy

- PV systems > 10 kWp — green certificates; Flanders urgently needs large

solar projects with a capacity of more than 750 KW.
- VAT rate on electricity 21%
- 2017 - 3.2 TWh through solar energy about 4% of total power demand.

- largest growth in solar demand between 2009 and 2012 - green certificate

scheme to support solar

- Expected PV power of up to 18 GW by 2040.
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2Seas — cost/investment models

La production francaise

d'électricité renouvelable en 2017
[Souirpe © RTE-Bilan 2017)

According to RTE, mainland France PV production reached 8,3 TWh in 2016. PV electricit
represented 1,6 % of the electric consumption of mainland France in 2015.

@ ;I:-_—Hyck:ullqun
10%
[ Eciian
" Sioinire Parc total photovoltaique et production d’électricité annuelle en France
Source ; Observ'ER d'aprés les chiffres du SDES
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| Nouvelles capacités (MW)

Guadeloupe — Puissance lotale instaliés en Francs (MW) T 186
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2Seas — cost/investment models

BELGIUM:

2017 Numbers

MNumber of PV systems in
operation in your country (a split

< 10 kVA: 459.854 systems
> 10 kVA et = 250 kVA : 7.009 systems

Many small installations

Residential/commercial

per market segment is interesting)
> 250 kVA : 1.004 systems

TOTAL: 467.867

FRANCE:

* No fancy technologies

UK:

W

LTREES Y

WA . A

5050

LR ERLS

LavN

2017
Peak Power range I?::-::;m Power (MW)

0-3 kw 285 454 778

3 kW -9 kw 73224 467

Number of PV systems in i P i
operation in your country 36 kW — 100 kW 13 213 1070
100 kW — 250 kw 6071 1072
> 250 kW 1415 4219
Total 400939 8044

Total Off-grid 30

my »
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2Seas — cost/investment models

Encouraging measures/support schemes:

» Feed-in tariffs (FITs)
* Net metering
« Smart metering

 Green/white certificates

Elements for successful renewable energy support schemes/measures:

* a clear, bankable pricing system

» priority access to grid: clear identification of responsible for connection and incentivizec
* clear, simple administrative and planning permission procedures.

* public acceptance/support.
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2Seas — cost/investment models

Costs(expenditures) and income PV-installations

D Lewd Initial costs + O&M + recycling +

N
Y

u% FQEHM I !_ bneartee + land purchase (Solar farms)

+ roof reinforcement/renovation
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SWOT — Solar energy in 2Seas

Database with pilots,

good practices and
benchmarks Legislation/regulations

Cost/investment models

Guidelines for o)
benchmarking andeé

. PV/T hybrid systems

nnov. Techn.: BIPV,
transparent, CSP

Smart grids
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2Seas — solar technology innovations

Table A2.4. Foresight studies mapping — Energy and environment

CAN

DEU

EU

FIN

GBR

RUS

Decentralised energy
systems

Electric and hybrid
vehiclas

Autonomous and semi-
autonomous vehiclas

Smart grids, overiay-
grids, super-grids

Microsnergy harvesting

Electrochemical storage
and conversion
technologies

Electric mobility, power-
to-liquid technologies for
the mobility sector
Connected mobility, car-
to-car-communication,
car-to-X-communication,
smart mobility

Unconventional flying
concepts

Fual cells

Energy afficiancy
measures

Future smart cities

Post-carbon sociaty,
carbon dioxide reuse

Advanced autonomous
systems, future mobility

Drones

“Hydrogen Society™

Recycling technologies

Carbon dioxide captura
and storage

Rapidly charging light
batteries, supercapacitors

Wireless power transfer
Self-driving car

Automation of passenger
vehicle traffic, vactrains,
magnetic or
superconductor-based
lewitation

Minisatellites, guadcopters,

drones, on-demand
personal aviation

Inexpensive storage of

hydrogen in
nanostructures

Smart grids

Microgeneration

Advancad batteries

Intalligent low-carbon
road vehicles

Fual cells
Hydrogen

Recycling technologies

Carbon capture and

storage, metal organic
frameworks

Smart networks, long-
distance transfer
technologies for elactric
energy and fuel, new-
generation power
electronics
Mew-genaration
microprocessor devices
for use in power
enginearing

Elactrical and thermal
energy storage

Smart transport and new
control systams, systems
to increase the
environmental neutrality
and energy-efficiency of
vehicies

Micro-, nano-, and
pico-satellites

Fuel calls

Hydrogen production and
safe storage, hydrogen for
power generation
Recycling technologies
Low energy consumption
buildings, nowvel light
sources and smart lighting
systems
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2Seas — solar technology innovations

:.‘- 06 Loasd

", |
m% famm lJ!'m

o 08

PV-modules(panels) 50 % of total system costs

Technology

Drawbacks to future use

Crystalline-silicon

Efficiency, materials

Thin-film

Efficiency, stability, toxicity, lifetime

Concentrating PV

Stability, complexity, high cost

Organic PV

Efficiency, stability, lifetime

Third Generation PV

Efficiency, proof of concept only
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2Seas — solar technology innovations

{—'.‘- DE Lowd

45 |
‘ Degradation of PV-panels
Sodne Ay ko Cormirodior !_ lrentier
| J 250

4K Average: 0.8 %/year

150 # reported rates = 2128 I

o s

AL Lowd

Frequency
o
=

Replacement costs (failure % in PV-installations)

un
]

W inverter " ' ' :
B Communication S;b Q;b “E: ""‘E} A"":h h"':.b "I':L "ﬁ ::F‘ qj?h a;!"
B Other Degradation Rate (%/year)
W Monitoring
AC Subsystem
B DC Subsystem
M Modules

W Grid

m Unknown
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2Seas — solar technology innovations

PV/T. working principle Solar thermal collectors
PV-array T

o

(BT TV

AT I ¢ N

BEEEALELALELL LR

Thermal
collector

—

cooling

Solar cells

TS & | = - —
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PV/T uptake: challenges

N

Lower PV/T collector | .Increase
price (€/kW) efficiency of PV/T & S
Make PV/T FErETIER

more popular

Are these actually opportunities not challenges?
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Other challenges for the PV/T uptake

How to enhance the reliability of PV/T-systems?

« Early detection of possible PV/T failures

* Increasing PV/T-panels lifetime by better materials/design

PV panels 25-year performance warranty

T panels 10-year product warranty - Limit

25-year PV performance
PVIT panels warranty
10-year product warranty

Best warranty durations on the market
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2Seas — solar technology innovations

DG Lacasd

Y

D

Reducing costs (EUR/kWh) means:

 reduce the balance of system costs (system components and installation costs);

increase the energy yields, stability and lifetime of the system;

increase the inverter lifetime and reliability of system components;

not combine modules of different specifications in the same system;

match the inverters to the modules and load profiles.
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2Seas — solar technology innovations

Smart grids

*Includes energy management system
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SWOT — Solar energy in 2Seas

Database with pilots,
good practices and
benchmarks

Legislation/regulations

Cost/investment models

Guidelines for
benchmarking and pilots

orid systems

Innov. Techn.: BIPV,
transparent, CSP

Smart grids
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2Seas — existent solar projects, best practices, ...

Obstacles to consumers — households, businesses and industry:
o Lack of appropriate information on costs and consumption, or limited transparency in offers
o Increasing proportion of network charges/taxes/levies in average final electricity bill.

o Insufficient competition in many retail markets, a lack of reward for active participation, and

difficulties in switching act as disincentives.
o Insufficiently developed markets for residential energy services and demand response
o Preventing self-generation and self-consumption reduces potential gains.

o Unequal access to information and high entry barriers for new competitors slow down
the adoption of available advanced technologies and practices such as smart metering,

smart appliances, distributed energy sources and energy efficiency improvements.
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Guidelines for benchmarking Database with pilots,
and pilots good practices and benchmarks

Do we (still) need these in 2Seas region?

YES because

« Stakeholders are still not aware of existent
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SWOT — Solar energy after Solarise

Database with pilots,
good practices and benchmarks

Guidelines for

benchmarking and pilntbase with pilots,

good practices and benchmarks

Legislation/r

pgulations

Legislation/regulations

Cost/invest

ment models

Cost/investment models

W

Guidelines for
benchmarking and pilots

Innovations: smart grids

Innovations/technologies:
BIPV, transparent, CSP

Innovations/technologies:
PV/T hybrid systems
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Innovations/technologies:
PV/T hybrid systems

Cost/investment

Solar energy market
models

Legislation/regulations

Innovations/technologies:
BIPV, transparent, CSP

Innovations: smart grids
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Guidelines for Database with pilots,
benchmarking and pilots good practices and benchmarks
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OUTPUT 1

Guide package

on legislation, market, technologies and best practices

TO BE FINALIZED
by the END of JUNE 2019

Enquires/remarks/suggestions for Output 1 to:
emilia.motoasca@kuleuven.be
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