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1. Executive Summary

The ENROAD project "Supporting the implementation by NRAs of renewable energy technologies in roac
infrastructure” is a pioneering initiative funded through the Transnational Road Research Programme, Call
HaMmd GwSySélofS 9y SNHE théd Gonferehde Rf ELrghFaNIDigecditdistie® Modzld B ¢
(CEDR). This collaborative effort has been carried out by a consortium formed by ARUP, SINTEF Enel
SINTEF AS, and the University of Cantabria, the latter being the Project Coordinator.

At its core, the ENROAD project is driven to furnish National Road Authorities (NRAS) with technical anc
regulatory knowledge as a basis to build a tsiendly tool carefully designed to facilitate thengterm
seamless integration of renewable energy (RE) technologies into the road infrastructure. This material is
intended to optimize both economic and environmental benefits, thereby providing the NRAs with the
means to chart coseffective pathways tavards their decarbonization aspirations.

The rationale for this initiative stems from a deep recognition of the challenges of conventional methods
of electricity generation, in particular the twin predicament of resource depletion and environmental
degradation engendered by the extraction, refigiand combustion of the necessary fossil fuels. In
response, the European Union has consistently undertaken initiatives to promote the adoption and use of
clean and renewable energy sources. Meanwhile, NRAs have a large area of land presumably available f
energy generation, which represents a tangible opportunity to improve the environmental impact of the
road construction, maintenance and operation.

To catalyse the implementations of RE projects, the ENROAD project adopts-faostétd approach,

which includes the identification of typical NRA asset topologies and a comprehensive survey of existing
renewable technologies suitable for energy genematiand a review of the energy storage systems that

are potentially applicable by NRAs. Notably, wind energy (small and large scale) and solar PV energ
generation emerge as frontrunners in this project. Furthermore, an exhaustive analysis of prevalling an
prospective regulations across targeted nations, alongside stakeholder consultations, was undertaken to
obtain information on existing opportunities, challenges, and regulatory frameworks.

Another important aspect of the ENROAD project is the development of an innovative software solution
T an advanced Gilgased decisioimaking toot meticulously engineered to facilitate a first approach to
NRAs in the selection of RE technologies and lagsitibhis decisiemaking framework, supported by a
detailed Excel template, integrates a diverse array of technical, economic and environmental criteria. In
particular, this tool allows NRAs to navigate through various stages of project conception, grablin
comprehensive analysis that includes four key aspects: the identification of optimal locations, estimation
of potential energy generation, selection of RE technologies, and assessment of theffictestcy and
financial viability. Within this frameark, two generic business models emerge: one is based on energy
demand response (the identification of NRAs energy needs), involvingossiimption and surplus
storage, while the other revolves around energy supply response, involving the sale of gdrematgy

to the grid.

Once locations have been determined, the characterization of parameters is performed on the basis of
public databases detailing solar and wind resources of each location. Subsequent calculations, executes
through the Excel template, yield technical outcasrsich as peak power and annual energy production

i
CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report



/ C E\D R
, Conférence Européenne
Page 4 / 157 \ des Directeurs des Routes
Conference of European
Directors of Roads

under specific conditions. Furthermore, advanced users can proceed through a sequence of actions that
includes collecting energy market data, estimating capital and operational costs, projecting revenues and
savings, and finally assessing economic perfoigeaand financial viability.

Moreover, the project endeavoured to develop implementation guidelines, organise workshops and
develop elearning modules to speed up the uptake and adoption of ENROAD results by the NRAs. Also, it
is important to emphasise that the Giased ENROAD tookhile an invaluable asset, represents a
preliminary exploration into the realm of potential analysis. As such;us®is are duly cautioned that

the data and calculations resulting from it are illustrative and are intended to inform future planning and
resource allocation by NRAs.

In short, the ENROAD project is a coordinated effort to promote sustainability through the integration of
renewable energies, progressively improving the environmental impact of the road infrastructures and
fostering the electrification of the transport stor. The GIBased useffriendly approach considered for

the ENROAD tool represents one step forward in the planning and execution of RE initiatives within road
infrastructure. Thus, this systematic approach not only optimizes resource efficiency buallalss
informed decisiommaking by NRAs, thereby contributing to a more sustainable integration of renewable
energy technologies into the fabric of modern transportation networks.
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AEP Annual Energy Production

AARR Average Annual Rate of Return
CAPEXCapital Expenditure

CSS Cascading Style Sheets

DEGS Distributed Energy Generation System
DHI  Diffuse Horizontal Irradiance

DNI  Direct Beam/Normal Irradiation
ESS Energy Storage System

GHI  Global Horizontal Irradiation

GIS  Geographical Information System
GLP General Public License

GNU Db! Q& b2i ! YyAE
HAWT Horizontal Axis Wind Turbine
HTML HypertextMarkup Language

IRR Internal Rate of Return

JS JavaScript

LCA Life Cycle Analysis

LCOE Levelized Cost of Energy

MPP  Maximum Power Point

MPPT Maximum Power Point Tracking
MRL Market Readiness Level

NMOT Nominal Module Operating Temperature
NPV Net Present Value

NRA National Road Administration
NREL National Renewable Energy Laboratory
NSRDB\ational Solar Radiation Database
O&M Operation & Maintenance

OPEX Operational Expenditure

PDF  Probability Distribution Function
PV Photovoltaic

RE Renewable Energy

RET Renewable Energy Technology
REGS Renewable Energy Generation System
STC Standard Test Conditions

TMY Typical Meteorological Year

TRL Technical Readiness Level

TCC Total Capital Cost

UTC Universal Time Coordinated

UX User Experience

VAWT Vertical Axis Wind Turbine

WMS Web Mapping Service

WT  Wind Turbine
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INTRODUCTION

This document contains a detailed summary of the work carried out by ARUP, SINTEF Energi, SINTEF
and theUNIVERSITY of CANTARRtéject Coordinator) for the development of the project "Supporting

the implementation by NRAs of renewable energy technologies in the road infrastructure (ENROAD)",
funded under the Transnational Road Research Programme, Call 2019 Renewable Energy in Ro
Infrastructure, of the Conference of European Directors of Roads (CEDR).

The contents here referred are based on the successful development and continuous assessment by the
Programme Executive Board (PEB) of the technical deliverables and milestones rémanethoutthe
development of the Project. Also, a chapter has been dedicated to the compilation of the questions and
answers derived from the discussion that took place after the presentation of the project results at the
Final Conference, which was held on Octob&r2023 at Arup's HQ in Madrid, Spain.

Xi
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1. SELECTION OF RE TECHNOLOGIES FOR NRAs
1.1. INTRODUCTION TO CONVENTIONAL AND BUILT-IN RETs SUITABLE FOR NRAs

Themost suitablerenewable energy technologidsr implementation by NRA along the road asset were
introducedins St A @SN} ofS Hdm awSLRNI 2F YIFAY NBySéloftS
and the main outcomes of that document summarizeiSf A 3SNI 6f S ¢ ®H  aMoveL) SYS
specifically, the conventional RETs (Figures 1 and 2) covered in those deliverables were:

1 Wind Energy (VAWT & HAWT)

0 Small scale (microturbines)
0 Large scale (0815 MW)

1 Solar PV Energy

1 Mini Hydro Energy

9 Micro-scale Biomass Power Plants

Figurel.- Wild Horse wind farmWashingtonGoebe] 2014)

Figure2.- Solar highway installation in Augusta, Mairmjilt by Maine DOT. Source: Maine DOT (2023)

Along with their fundamentals, most important parameters involved were highlighted specially for wind
and solar PV systems, for further selection of the RETs to be included in the ENR®A& G180l main
functionalities, components and typologies, pmrhance, location and distances to be considered (when
required) or cleaning and maintenance considerations.
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In addition to the conventional energy sources and technologies that can be used for the generation of
renewable clean energy, in the last few years a good number of institutiavs beerdoing research on

less conventional forms of harvesting energlectricity- in roads.The fact that roads are continuously
subjected to solaradiationand vehicle loads makes it possible the energy harvesgtir@gmomenon the
generation of small amounts of power from unused awdvasted energylf properly implemented, the
harvesting of this energy, which would otherwise be dissipated in roads in the form of heat, vibration or
deformation, can supply electricity to streetlights, traffic lights or sensormonitor the condition of
structures

Based on the framework of this project, the following road energy harvesting systems were discussed in
Deliverable 2.5nd summarized iDeliverable 6.2according to the most recent technical literature:

I Solar energy harvesting:
o0 Solar PV in roads
0 Thermoelectricity generation (mostly thermoelectric generators, TEGS)
1 Kinetic energy harvesting:
0 Piezoelectric energy harvesting (mogtigzoelectric energy harvesters, PEHS)
o Electromechanical or EM generation
These technologies have been proved to perform when installed within the road asset, which means that
renewable energy is actually generated by using these devices. As for the solar energy harvesting, not onl
will these systems provide some eneitgyt will also help to mitigate the harmful effects of the heat on
the pavement by removing it. Thus, important problems such as plastic deformation of roads (rutting),
bitumen aging and hence, roads durability, or evenwhedl-knownurban heat island (UHI) effect might
be alleviated by removing part of the heat accumulated in the upper layers of the road pavé&oeaten
if the low performance and low energy generation capacity of thadrelated energy harvesting
technologies turn them into technologies difficult to apply at a commercial large shaleuse in a near
future is plausible.

1.2. SURVEY FOR NRAs ON IMPLEMENTATION OF RETs
Design and Participants

The survey was designed aseht to several different NRAsakeholders in the EU in order to: 1) test their
interest on the topic; 2) Collect information about their environmental targets, if any; 3) collect their
opinion on the criteria used for the selection of RETSs, topology and locations; 4) collect inboraiabiut
previous experiences on the topic.

For the design of the survey, the simplest and minimum possible number of questions were generated in
order to maximize the number of participants and collect as much information as possible. Likewise, the
professional free softwarkimesurveyvas used so that the survey could be filled out and the answers
sent from a computer or even the mobile phone. The 12 questions proposed are listed below:

Q1. Does your organization have internal targets to reduce energy use and/or GHG emissions?

Q2. Does your organization currently generate Renewable Energy along the road asset?

Q3. Which were the main reasons for the investment in RETs? Check all that apply?

Q4. Is your organization considering the generation of RIEng the road asset?

Xiii
CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report



{ a\
CEDR

Confé E é
Page 141157 Y e rptame,

Conference of European

Directors of Roads
Q5. In your opinion, what is the main barrier stopping the NRAs from investing on RE technologies?
Q6. Do you think that a decision support tool would be of help for NRAs to move forward?
Q7. How is, in your opinion, the social acceptance in your country of RETs within the road assets?

Qs. Which of the following RETs would you consider for implementation? Check all that apply.
Q9. For which of the following energy consumers would be the RE used? Check all that apply.
Q10. Which of the following road topologies would you consider for the RETs? Check all that apply.
Q11. Which of the following criteria would you use for the selection of RETs? Check all that apply.
Q12. Which of the following criteria would you use for the location of RETs? Check all that apply.

The link to the survey, along with a short introduction to ENROAD project, was sent to representatives of
NRAs of the following 28 European countries: Spain, France, Italy, Belgium, Ireland, Sweden, Denmark,
The Netherlands, Norway, Germany, Austria, RgatuHungary, Rumania, Poland, Luxembourg, Latvia,

UK, Switzerland, Finland, Czech Republic, Liechtenstein, Estonia, Bulgaria, Slovenia, Iceland, Lithuania and
Malta. More than 100 emails were sent to the different representatives.

Main results from the survey

Out of the 28 European NRAs surveyed, at least one representative of 16 countries sent a full answer to
the survey: Spain, Italy, Belgium, Ireland, Sweden, The Netherlands, Norway, Germany LabhatiaK,
Portugal, Hungary, Denmark, Switzerland and Luxembourg. This means that 60% of the organizations
surveyed sent dull answer to the questionnaire. It should be highlighted that these are not necessarily
official responses from the NRAs but mere contributions to this project by people involved ttasn ce
extent in the management of the road infrastructuies(,road managersheads of technologystrategic
advisors, etc.).

The answers revealed very different and interesting results, some of which are summarized here:

1 While 75% of th&european countries surveyed have internal targets to reduce the energy use or
GHG emissions, only half of them currently generate electricity from renewable sources within the
NRAs lands/assets.

1 Savings in electricity cost and social demand were the most preferred reasons for the investment
in RETs by all the countries that answered Yes to Q2, but followed very closely by the reduction of
GHG emissions and fossil fudle.power activeleviceson the road network in a sustainable way,
or the lack of power supply in remote locations were other reasons given.

1 With respect to main barriers preventing the NRAs from investing on RE technologies, results are
very clear, with economic and regulatory barriers taking the top two positions (Fyu€ost of
investment, bng authorizationor administrative procedures, no feed tariffs for public bodies
or not being primary purpose for NRAs are some of the specific answers obtained.

1 More than half of the countries that are not currently generating RE along the road asset do not
plan to do so in the near future.

CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report
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1 More than 85% of the respondents estimate that the social acceptance of using RETs within the
road assets in their country is high (43%) or medium (43%).

100%
90%
80%

70%

60%

50%

40%

30%

20%

-
0%

Technical Economic Regulatory  Social barriers Other
barriers barriers barriers

Figure3.- Results taquestion Q5 of the survey

1 To the question regarding the RETs that NRAs would consider for their implementation, answers
are clearly in line with the implementation of small scale RETs, more specifically small PV systems
with more than 90% of the countries voting for it. Small wimdbines (55%) and large PV systems
(45%) also seem to be within the preferences of the NRAs representatives. On the other hand,
small hydro or micro biomass are far from being an option (Figure

1 Road lighting (75%) and tunnel lighting (70%) are the most preferred energy consumers (Q9) for
using the RE generated along the road network, closely followed by others like EV charging (69%
or information panels (63%).

1 Rest areas (80%), canopies (75%), signals and panels (65%) and roofs (60%) were defined by tl
respondents as the most convenient topologies for the installation of the RETs. On the other hand,
lakes, rivers and channels were the less voted option. Thisn®how consistent with the RETs
mostly considered by the NRAs for their implementation along the road asset.

100%
90%
80%
70%
60%
50%

40%

30%

20%

EEEEE
0%

Large PV Small PV Large Wind Small Wind Small hydro Hydroscrew — Micro Solar roads Other
Biomass

Figure4.- Results to question Q8 of the survey

1 Cost of installation, cost of maintenance, environmental impact and Life Cycle Cost are the criteria
that most of NRAs would use for the selection of RETs, with over 70% of representatives voting
for them (Figureb).

XV
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Figure5.- Results to question Q11 of the survey

1 Avoiding traffic disruption, impact on road safety and distance to the road would be the criteria
used for the location of the RE technologies, which is definitely in line with the nature of the NRAs
and the fact that lowering the impact to the road andffic is a major concern for them.

1.3. EXISTING EXPERIENCES WORLWIDE

In order to determine potential topologies and locations for the implementation of RETs by the NRAs, a
detailed search of previous experiences was carried out including scientific papers, technical papers and
brochures, websites, repositories, etc. Alisth the most significant experiences worldwide found so far
was presented irDeliverable 2.1Size, power output or energy supplied were considered, but also
parameters such as maintenance events, social importance, amount of information found, topotbgy a
location. Very small installations and old unattended installations have been omitted.

According to the inventory of current experiences found, the following 4 main groups were made based
on the technology and topology involved:

1 Solar PV panels integrated into the road pavement (a.k.a. solar roads).
1 Solar PV panels integrated into the noise barriers (a.k.a. PVNB).

1 Solar PV panels/wind turbines in big areas aside or out of the road.

1 Solar PV panels/microturbines in rooftops of buildings or infrastructures.

Below is a very brief summary of some of the experiences identified to the date of deliveeyivdrable
2.1, along with other relevant information.

PV Panels integrated into the road pavement (Solar Roads)

1 At the time of the studypnly a few countries were identified as hosts of this type of renewable
energy technology: France, Germany, The NetherldnasembourgChina and USA.

9 The first stretch of the company SolaRoad was built in Krommenie, province of-Nobtiathd, in
October 2014 (Figur®). It was 90 m long and was built as a bike path. The partners were: TNO,
Ooms Civiel, Imtech Traffic & Infra, and the Province of Netmithnd. T2 G £ O2ad 641 a
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emMmdpa 2F GKAOK @gSNB LINP@AI&mER o0& G(KS LINRJAYO
1 Smilartechnology and construction proces&m used for other SolaRoddcilities of whichthe

most significant wre a 50 m long road with heavy traffic in Haarlemmermeer, and a 100 m bus
lane in Spijkeniss@he electricity was to be delivered to the grid (TNO, 2@&aRoad, 2021

1 A very welknown 1 km road stretch with 2800%0f Wattway PV panels was built in Tourouvre,
France, in 2016 (Figu®. With a maximunpower output of 420 kW, this facility was aimed at
generating 280 MWiyear (Patel, 2017). Financed by the Ministry of Environment, the project had
I 0240 TKReSF G2paalid LISNI m 12 o6ta Foz2dzi mTteX (22 ¢
of a conventional solar facility at the time (Pultarova, 2017).

Figure6.- SolaRoad in Krommenie in TN (SolaRoad, 2021) and Solar road in France (The Guardian, 2016)

1 In 2018, BAM builtwo sections in The Netherlands: 50 m2 stretch with Wattway technology on
the N40lnear Kockengen (Utrecht) that was claimed to generate enough energy to power a
household forl year (BAM1, 2018); and a 2¢ strip of PV panels on an emergency lane of the
A2 road (Rijkswaterstaat, 2021). According to Gerben van Bijnen, Hoofduitvoerder at BAM Infra,
test goals were achievetie first section andwo other sections were built that are still running:

a bridge deck (35 fhand bike path (30 fin Hengelo and Grave, respectively (Fighre

Figure7.- N401 road, A2 motorway, Hengelo a@dave, NL. Source: BAM

1 Inrecent years, other small Wattway installations have been built in Europe for applications such
asEVand bike charging. As for the situation overseas, two small test sections have been built in
Georgia (USA) in the last few years and a ffiggsroject was carried out in China in 2018.

1 A 50 ntstretch was built in Georgia (USA) in December 2016 by The Ray in partnership with GDOT
and Hannah Solar. This section u@sated next to the Visitor Information Center in West Point,
LI NI 2F 6KAOK A& LRgSNBR o6& GKS &a2fF N NRIR

Xvii
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generated in 1 year, enough to drive a singlmore than 50000 km (Ray, 2019.

1 A solar road stretch was installed in 2020 in the city of Peachtree Corners (Georgia), on a section
2F Ly ldzizy2Y2dza OSKAOfS (Sad tlryS Ay (GKS OAdGeQ
kwh of electricity per year according to the company, sdu® supply an EV charging station at
the City Hall that is available to EV motorists at no cost.

PV Panels integrated into the noise barriers (PVNB)

f ¢KS 62NIRQA& FANRG txb. OFYS Ayid2 dzasS Ay wmobpyd Ay
the A13 road. This 103 kWp installation was supported by the Swiss Federal Roads Office (FEDRO)
and built by the TNC A@Gwitzerland. Thesolarpanels are fixed to a & tall structure mounted
at the top part of the 800 m long barrier (Poe et al., 2017).

1 Another relevant PVNB was built in Aubrugg, near Zurich, in 1997. This 8 kWp installation was the
world's first bifacial PVNB and consisted of souveitecting PV modules designed by ASE GmbH
(Figure 10). Initially 100 m long and 1.5 m high, in 2005 theebavas expanded and update with
more efficient bifacial cells (Nordmann and Clavadetscher, 2004; SEAC, 2015).

1 A 1650 m long grid connected PVNB, with PV arg2200 nt, was built along the A9 highway,
YSIFENI hdzZRSN]JSN] F+Fy RS !''YadaSts Ay ¢KS bSGKSNI YR
¢-Si modules on top of a barrier with tilt angle of 50°. The PVNB was financially supported by the
EC and the Netherlands Agenfty Energy and Environment (Jochems, 2013; Nordmann and
Clavadetscher, 2004; Van der Borg and Jansen, 2001).

1 In 2003 the world largest PVYNB was installed in Freising (Germany), along the A92 highway. This
6000 ntand 1200 m long barrier (Figud¢ was the first in whiclseramiebasedPV modules with
noise reduction properties were used and no conventional barrier was needed (Jochems, 2013;
Grottke et al., 2003). The barrier is able to produce ca. 620 kW of electricity, which is sold back to
the grid (Kotzen and English, 2009).

T ¢KS t+xb. AY alNIy2 RQLASNI oLOlIf&0E O2YYAadaAirzysS
is 1067 m long and 5.6 m high, and consists of 5006frstandard €Si modules (Figur@). With
730 kWp power capacity and energgneration of 690 MWh/year, this one of the largesh the
world. Hectricity is fed into a mediumroltage 20 kV grid (SEAC, 2015; Jochems, 2013).

—

2 i
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Figure8.- PVNBs in FresingGermany(Wikimedia, 2011)and Maranal 6 | dtalyr(Autobrennero, 2009)

1 A new bifacial PVNB was installed along the A50 road near Ttiem(2020 in the context of the
Solar Highways Life+ project (Solar Highways, 2021). With a total budgetsof I Y R O NN.
by Rijkswaterstaat and TNO, it was built by Heijmans (FRJuiehe 400 m long Phbise barrier
consists of 4 m high PV panels and the energy generated is fed into the grid. To date, this barrier
remains largest bifacial solar noise barrier in the world (SH Final, 2D@@ihg the 18month
monitoring, 325 MWhwerd SY SNI 4§ SRY GgAGK |y 2@SNIff LISNF?2

1 Two experimental PVNBs have been installed in Genk (Belgium) and Rosmalen (The Netherland:
in the context of the Rolling Solar project (FigyeThe PVNB in Rosmalen is 12 meters wide and
is formed by 5 cassetteg, meter high each, on top of &meter plinth. Two of the cassettes
contain bifacial crystalline modules, one thin film CdTe modules and the remaining two contain
double-sided thin film CIGS modules. The tests started in 2021 (Rolling Solar 2, 2021).

Figure9.- PVNB in Uden (Solar Highways, 2020) and Rosmalen (Rolling Solar, 2021).

1 A500 mlong PVNB was built in Australia powered by the Roads Corporation of Victoria (VicRoads
and located at a highway near Melbourne Airport. The PV systems consists ofS2 Hoalules
vertically integrated on top of a 4 meters high noise barrierpelhem amounting a total power
output of 24 kWp. The electricity generated is fed into the grid (Poe et al., 2017).

PV Panels and/or wind turbines in big areas aside our out of the road and/or buildings

1 Several projects have been developed in the last few years for the installation of mostly large PV
panels but also wind turbines. Most of them were implemented in the lands of the US DOTSs that
are close to electrical loads. In terms of road topology, paoelturbines have been installed:
aside the road, in rest areas, service areas, aside buildings, depots or even former gravel sites.

1 In 2008, the Oregon Solar Highway Program of Oregon Department of Transportation (ODOT)
finished the first demonstration project in the US: a PV system with almost 600 panels and a total
capacity of 104 kW at the interchange of Interstate 5 and Inter2@tenear Portland. The energy
produced was fed into the grid during the day and flew back to illuminate the infrastructure. The
project is a PPP between ODOT and Portland General Electric (ODOT, 2016).

1 In 2012, the Baldock Solar Station was built at the French Prairie safety rest area, on Interstate 5
in Clackamas County (Oregon). The PV farm consisted of 7000 panels, had a capacity of 1.75 M\
and was able t@enerate 1.97 GWh on an annual basis (Fig@eThe farm was developed in
PPP and the electricity is used by PGE to serve its customers, including ODOT. In return for the

XiX
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land, ODOT receives an annual fee and a percentageGs{(RBOT, 2016; Innovative, 2021).

9 Several actions have been taken by the Massachusetts Department of TranspotédissDOT)
inthe last 15 years regarding the use of RETs along the road asset. In 2019, projects at eight sites
were completed amounting a total capacity of 4.3 MW. MassDOT expected to save $525,000 a
year, in addition to the $75,000 received in annual lease paymastgtojects were developed in
the framework of a PPP for which MassDOT leased the sites 20 years and agreed to purchase the
energy generated through power purckeagreements (Hodges and Plovnick, 2019).

1 A solar array was set up in 2019 at the EXxit 14 of the Interstate 85, in Georgia (Bigureid was
0KS {2dzikKSFradQa FANRG wh2 LINRB2SOdG FyR 6l & OF NNA
Commission, Georgia Power, Electric Power Research Institute and ThiétRayl MW capacity
the systemcountedon 2600 panels. Georgia Power signed &&&r license with Georgia DOT for
Ada SELX2AGFGA2y® ¢KS G2aG1Ft O2ad 61a 2F F bPo YA

1 A solar garden was developed by Novel Energy Solutions near the Interstate 94 iffHidtome
10), on a land owned by Minnesota DOT. An area of 11 acres of a former gravel pit was used for
the location of a PV farm with 3 MW capacity that prog®#nDOT with a $500 lease payment
per acre and energy savings from the RE produced (MnDOT, 2020; Twin, 2020; Afton, 2020).

Figure10.- Baldock Station, Georgia (Innovative, 2021) and Solar Garden, Minnesota (MnDOT, 2020)

T LY HampX (GKS d2AYR ¢NIAYyé LINR2SO0O ANghgpeedSR GKS
rail line between Leuven and Liége, in Belgium. The Greensky park is located along the rail line and
the E40 highway and nowadays consists of 16 turbines, 2 MW &deh.Parkwas built in
LI NIYSNBKALI 0SG6SSy 9t SOGNIoStx {20ASGS LyidSND:
SaintTrond and Infrabel. Part of this energy goes to power the rail network, whereas the rest is
fed into the grid. (Infrabel, 201%ower Links, 2015; Renewables Now, 2017).

Solar PV panels/microturbines in rooftops of buildings or infrastructures

1 Many small size PV panels have been installed in building rooftops, parking canopies or lands next
to buildings facilities. Some examples are: theftop of the Utah DOT Calvin Rampton Complex,
FY2y3 YlIyeé 206KSNBE 6. tdzS {1@X HAHMT '5h¢I HAMyOT
adjacent to the highway ROW, along thé8l (Alternative ROW, 2012); or the solar canopy at the
MassDOT Research and MaéLab in Hopkinton off of thed0 (ROW, 2017).

CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report
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1 Turbines with 1.8, 1.2 x 2 and 32 kW power capacities were installed at Missouri, Utah and Ohio
5h¢Qa Tl OAf AAtbvEandunted3? kS Moiizbrigsdkis turhine was placed at the
maintenance facility of the Ohio DOT in Northwood, which was sized to meet 65% of the annual
electric load of the 5400 fAbuilding. With a cost of $20000 and payback of 12 to 16 years, main
concern was about timely maintenance and parts availability (NCHRP, 2013).

1 A 2.7 km tunnel along the A3 highway near Aschaffenburg (Germany) was completely covered by
PV panels in 2009. It was the largest PV system implemented in the road infrastructure, with a
OF LI OAGe 2F Fudr a2l 0W20KSYaz HnamoT =2 LISs

1 A PV system consisting of 16000 monocrystalline PV panels was installed on the roof of a 3.4 ki
long railway tunnel between Antwerp and the Dutch border along the E19 highway (Figure 16).
With 245 Wop per panel, the systewas completed in 2011, amounted a total capacity of 4 MWp,
KFR I 024G 2F |062dzi mpaeX FYyR | LINPRdzOGAZ2Y
planned to be used directly by the trains (Reuters, 2011; Renewables Now, 2010).

No serious maintenance problems (to the knowledge of the authors of this document) have been reported
in the more recent experiences here referred. Further information about the monitoring of some of these
experiencexan be found iDeliverable 2.1

XXi
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1.4. CONCLUSIONS AND RECOMMENDATIONS

Roadsideenewable energy technologies have been here referred as conventional technologies that could

be installed by NRAs along the road asset: solar PV, wind turbines, small hydro andoalierbiomass

power plants. In Table 1, TRL and MRL levels for thenextechnologies are presented. The estimation

of the TRL levels has been based on the actual definition of the methodology (level of development and
maturity of the technology) and it has been made in consonance with the expertise level of the members

of the University of Cantabria as well as with the information reported by the stuBydzA Rl y OS 2y ¢ w]|
NBYySglofS Sy SNBuedhy ddHsmdnZarimisionh. An accurate estimation for the MRL

is not as straightforward as very specific information of the technologies has to be known. For this reason,
asimpler indirect criteriorhas been usechumberof manufacturers found.

Tablel.- Technologyand Market Readiness Levels for the conventional RETs

Technologies TRL MRL

Threebladed 9 9

Savonius 8 7

Wind Turbines Darrieus 8 7

(Large and small X

generation) Venturi 7 2
Small threebladed 9 9

Vortex 5 1

SiliconMonocrystalline 9 9

Silicon Polycrystalline 9 9

] Silicon Amorphous 9 9

Photovoltaic (PV) — X

Thin film technologies 8 6

Multi-junction 5 2

Organic 5 2

Pelton 9 9

Francis 9 9

Mini Hydro Kaplan 9 9
Ossberger 9 8

Turgo 9 8
Micro-Scale Biomass Micro-Scale CHP plants 89 56

Based on the fact that the ENROAD project is focused on high TRL technologies and medium to high MRL
market status, the following conclusions could be drawn:

1 Even if large wind energy generation along the road asspbssible, planning, construction,
maintenance and endf-life of these devices are of course to be highly considered. As for the
smallscale generation, any of the technologies considered can be used except for Vortex, which
is still under development. Sawius turbines are actually an-use technology, but their energy
LISNF2NXYIFyOS A& YdzOK 2SN dKFy (GKS 20KSNARQ LISNF
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1 All the solar PV technologies considered could be used except for thejivhdtion and Organic
technologies, both of which are still under development. The rjuifiction technology has a very
high cost and very high cost/efficiency ratio, reason foroltdevices with this technology have
been used only in very specific situations so far.

1 Largescale hydro is obvioustliscarded for the purpose of the ENROAD, while all the mini hydro
technologies are suitable for their use in sredhle hydro power plants, including the Ossberger
and Turgo turbines, which are actually variations of the most verykmellvn ones.

1 Inthe last few years there seems to be a growing interest on the development of the-State
biomass CHP plants, and even if this is a promising technology for its installation in large buildings,
there is still work to do both in terms of technologydacommercialization.

TRL levels for builh or nortconventional RETs have been gathered from the technical literature, while
MRL levels can never be higher tha3 for all the technologies when used in roads. In Table 2, values of
TRL and MRL for the energy harvesteghnologiesand the solar roads (builh PV panels) are shown.

Table2.- Technologyand Market Readiness Levels for the fommventional RETs

Technology TRL MRL References
Solar PV roads 89 2-3 Jiang et al. (2017); Wang et @019); Zabihi and Saafi (2020
Thermoelectric 3 1-2 Jiang et al. (2017); Wang et @019); Zabihi and Saafi (2020
Piezoelectric 4 1-2 Jiang et al. (2017); Wang et @019); Zabihi and Saafi (2020)
Electromagnetic 34 1-2 Wang et al. (2019); Zabihi and Saafi (2020)

Based on the low TRL and MRL levels of the energy harvesting technologies, the following consideration
could be made in the context of the ENROAD project:

1 The development of solar PV roads cleatndsout from the other renewable energy harvesting
technologies. However, while they are based on a very advanced technology like the PV and make
use of the incident solar radiation, the other technologies harvest the energy wasted by vehicles.
Therefore, thefour technologies are not fully comparable.

9 According to the technical literature consulted, the low TRL values of the technologies (except for
the solar PV roads) are due to the very low conversion efficiencies as well as the fact the no proper
large-scale experimental tests have been done.

Apart from those coming from TRL and MRL levels, other conclusions can be drawn regarding the use c
conventional and nostonventional RETs and the road topologies where they must be implemented:

1 The proximity to the road of larggcale wind turbines is something to be taken into account due
to potential safety issues, particularly those coming from the fall of ice from the blades and the
fall of the blades themselves, but also the noise generdtedthis, a certain distance to the road
should be kept that mitigates that risk. A minimum 100 m distance has been reported as resulted
from a very interesting study carried out in Denmark in 2012, but further research should be done
in case of installédns along and close to the road.

1 Photovoltaics (PV) is no doubt the most versatile technology for application along the road asset:

xXiii
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it can be implemented in the form of PV systems (solar farms) in service areas, rest areas or in the
roadside; solar canopies of parking lots; solar panels in cut slopes or noise barriers; small modules
on traffic signals, etc. Cleaning and maintenanceratyens are of paramount importance due to

the potential decrease in the energy efficiency of the installations caused by dust, bird droppings,
exhaust emissions or tree leaves, among others.

9 Accessibilityto the energy installation is kep a correctmonitoring and maintenance but on the
other hand, the higher the accessibility, the higher the likelihood of vandalism and therefore, the
higher maintenance costs. Thus, when the installation is accessible to the people, special care has
to be taken of ceain details during the design and construction phases: proper protection of
electronic devices and wires, proper fastening and/or locking of the key elements, etc.

1 The technical suitability of the solar roads has been proven, however, their low performance and
the important maintenance issues (cell breakages and surface degradation) occurred in the scarce
experiences so far makes it necessary the test of newsagje prototypes for properly assessing
those durability problems. In the last feyears,a couple of experimental solar roads, much
shorter than the previous ones, have been built aimed at improving the energy ofidlds
technology.

1 Photovoltaic Noise Barriers have been proved to be a suitable technology for NRAs in terms of
energy efficiency, maintenance and durability. However, newest PVNBs are-Diylgats old so
monitoring is required to accurately assebgit global performance. Cleaning of the PV systems
in the barriers can be of great importance for ensuring an optimum energy efficiency. The most
urgent challenge for the development of the PVNBSs is their financial viability.

1 Low efficiencies of nononventional RETs rule them out for their application by NRAs, at least in
what largescale projects is concerned. The green energy harvested by these technologies can on
the other hand have multiple potential smaitale applicatios such as powering of pavement
health monitoring devices, traffic lights, information panels, infrastructure, sensors, etc.

1 The suitability of the energy harvesting technologies is hindered not only by their low efficiencies
but also by their very high cost as compared to the traditional power generation.
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2.ENERGY STORAGE SYSTEMS (ESS)

The report delivered as an Annex@¢liverable 2.2imed to identify the Battery Energy Storage Systems
(BESS) that are potentially applicable to NRAs in the area of renewable energy production. The study
focused on the market and technologies available for renewables integration in the grid.

The methodology adopted was to carry out research and analysis at a global level and then to do the same
exercise at European level of existing and foreseen BESS technologies and applications for renewables ¢
the road infrastructure. Arup based the repam public data and its own benchmarks, when available.

There is a wide range of battery and cell technologies available on the market for energy storage purposes
As such, depending on the application, the most appropriate technology will vary. Each type of battery
technology has its own advantages and disaulages. For example, energy density, response time and
shelf life are some of the key characteristics which are used in the selection of a battery technology in a
particular applicationFigure 1 details the suitability of battery technologies across &milons in fast
response systems, distribution scale systems and large capacity grid scale systems.

Flow Batterie

High - Energy
Supercapacitors

Li-ion Battery
Lead-Acid Battery
Nicd
NiMH
High - Power Flywheel

High - Power Supercaj

Figure11.- Application and technology overview. (Arup, 2019)

Technologies appropriate for grid scale applications are those which have been considered as part of this
study due to the requirement of integration of renewables technologies on the road infrastructure. Other
applications for stationary batteries includéor example, distributed batteries. These are batteries
situated close to the end user of electricity, e.g., in a house or office building.

XXV
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2.1. KEY APPLICATIONS FOR BATTERY STORAGE IN GRID

Grid scale batteries may be implemented into the energy system to serve a range of functions.

1 Grid services to provide system stabilityg.,frequency response and reserves, voltage control

and reactive power, constraint management and inertia.

1 Capacity markets e.g., the integration of batteries with renewable technologies to provide long

term security in supply of renewables.

1 Wholesale energy arbitrage e.g., storing or purchasing electricity from grid when prices are low

and reselling back to grid when prices are higher.

Key findings

Table3 detailsdifferent storage needs within the sector of stationary battery applications.

Table3.- The need for storage (Arup, 2019)

Storage need

The ability to match generation and demand. Shift
generated energy from off peak times to when it is
needed. Grid level ansimallscaledomestic applications.

Peaking plants areeeded in order to meet changes in
supply and demand conditions.
Storage could provide this capacity in certain
circumstances and reduce the need for fossil fuel peaki

Increase the efficiency of thermal generation by ensurin
constant output. Storage can provide these load followi
services.

Storage can be used to reconcile momentary differenc
between supply and demand.
Storage can both adsorb and provide energy providing
twofold service.

Storage can provide reserve capacity that can be calle
upon in the event of the usu&lectricity supply resources
becoming unexpectedly unavailable.

To maintain voltage and frequency at the required leve
following a large disturbance requires a fast response
Storage can provide this service.

Energy storage used for transmission support improve
T&D system performance by compensating for electric
anomalies almost instantly.

Transmission systems are becoming congested durin
periods of peak and offeak demand.

Storage can be used to mitigate this issue instead of
investment in new transmission assets.

Revenue stream

Price arbitrage, reduction in
demand charges

Electric supply capacity
power capacity contract and
price arbitrage

Load following; power
capacity contract

Balancing servicespower
capacity contract

Electric supply reserve

Regulation response and
voltage support; Avoided

penalties from system operatol

Transmission network support
¢ Avoided penalties from
system operator

Asset upgrade deferral
Avoided cost of infrastructure
investments

Revenue
stream

Minutes-
Hours

Hours

Minutes-
Hours

Seconds
Minutes

Hours

Milliseconds
Seconds

Milliseconds
Seconds

Hours

Revenue
stream

kW - MW

MwW

MW

MwW

MW

kW - MW

kW - MW

kW - MW
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Storage to provide energy in the event of a system faill  Electric service reliability
until the system is restored, or alternative energy sourc Reducing production / Hours kW - MW
are available. operating losses

2.2. TECHNOLOGIES FOR RENEWABLES INTEGRATION

Figure 2 shows the percentage share for different ESS in applications for renewable energy integration
projects globally for the previous 10 year (since 2013). Based on this figure and the previous table, the
following technologies were selected for review: lithibon, flow batteries, leaehcid, sodium sulphur,
flywheels and nickdbased batteries.

Nickel-based, 0.7%

Sodium sulphur, 0.4%
. Flow Batteries, 3.4%
- Flvwheels. 0.5%

o Lead Acid, 2.5%
Lithium lon, 92.4%

Figure12.- Global share of commissioned and planned renewables integration energy storage projects by energy
storage technology since 2013 (BloombergNEF, 2023)

2.2.1. LITHIUM-ION

Lithiumrion batteries are a type of rechargeable battery in which lithium ions move from the negative
electrode to the positive electrode during discharge and back when charging. Due to their high energy
density, they are commonly used in consumer eledizgeroducts such as smart phones. They are also
commonly used in electric vehicles, a deployment which is expected to drive down cost and improve
performance. The technology can be scaled up to utility scale size and used in grid applications such a
frequency response. Research and development tgang in various other chemistries of the battery
type with a view to improving performance and reducing the cost. Litimmbattery technologies
comprise a range of chemical makps, for example, lithiuntén phosphate (LFP), lithium manganese
oxide (LMO), lithium nickel cobalt manganese oxide (NCM) and lithium titanate ([A€®jnain two
lithium-ion subchemistries used within the stationary storage market and LFP and NVible 4).

Lithium-ion batteries are the most widely used technology for grid energy storage purposes in the
European and global market, having the ability to supply megawatts of power for hours at a time. At the
time of writing, 610 out of 723 battery storage projs listed in Europe on BloombergNEF databases use
lithium-ion technologies as the primary energy storage technology in their systems (BloombergNEF, 2023)
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Markets for integration in the grid include frequency regulation, price arbitrage and renewables

integration.
Table4.- Summary of Liion technologies (Cubes, 2022)
Chemistry Abbreviation Typical Use
Lithium Cobalt Oxide LCO Mobile consumer devices,
laptops, smartphones
Lithium Iron Phosphate LEP Stored energy for missioaritical
environments, EVs
Lithium Nickle Cobalt Aluminium Oxi( NCA EVs
Lithium Manganese Oxide LMO Medical devices, power tools,
consumer devices
Lithium Nickel Manganese Cobalt EV powertrains, power tools,
: NMC : :
Oxide electrical grid storage

Renewables integration projects

At the time of writing, Arup identified 80 commissioned energy storage projects in Europe serving the
purpose of renewable systems integration. Additionally, 65 projects were identified for battery storage in
the pipeline, either recently announced or wifimancing secured. Upon review of these projects, trends

in upscaling of capacity can be seen within the market (BloombergNEF, 2023). Some examples:

T

GIGA Buffalo Solar Wind Energy Storage Proja@4MW/48MWh storage project located in the
Netherlands, developed by GIGA Storage BV. This project was commissioned in 2022 and is co
located with both wind and solar assets.

Enerparc Buettel Energy Storage Projeét 12MW/8MWh energy storage system located in
Germany, commissioned in April 2023. This project supports a 35MW distributed generation solar
PV installation.

GRIDSERVE Clayhill Farm Energy Storage Prjast project is a 6MW/6MWh energy storage
installation in Bedfordshire, UK, commissioned in 2016. The energy storage facilitates a 10MW PV
plant.

Quinbrook Fortress Energy Storage Proje&hnounced in 2020, this battery storage project will
provide 150MW/300MWh of storage to a 350MW PV plant in Kent, England.

Hive Energy Bluesky300 Hybrid Solar Energy Storage Prdlet®@OMW energy storage project
will be connected to a 100MW PV plant located in Greece. This projected was announced in
September 2022.

CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report


https://www.bnef.com/storage-assets/15987
https://www.bnef.com/storage-assets/22969
https://www.bnef.com/storage-assets/8327
https://www.bnef.com/storage-assets/12395
https://www.bnef.com/storage-assets/21233

CEDR Transnational Research Prognaen

Key findings

Some decisiomaking findings are summarized in Table 5.

Table5.- Decisionmaking findings. Lithiuraion. (Arup, 2019 and BloombergNEF, 2023)
Lithium ion

Roundtrip Efficiency 88-90%

Totalidentified capacity and output in Europe
in renewable energy integration (includes
announced, under development and
commissioned projects)

512 MW / 742 MWh

Very high energy density

Ability to tolerate large number of discharges cycle
High efficiency

Most mature energy storage technology for
renewable energy integration purposes

High costs

Negative effects of overcharging and over
discharging

Advantages

= =4 —a —8

= —a

Disadvantages

2.2.2. FLOW BATTERY

Flow batteries are a rechargeable battery using two liqglettrolytes, one positively charged and one
negative, as the energy carriers. The electrolytes are separated using-aalémtive membrane, which
under charging and discharging conditions allows selected ions to pass and complete chemical reactions
Theelectrolyte is stored in separate tanks and is pumped into the battery when required. The storage
capacity of flow batteries can be increased by simply utilising larger storage tanks for the electrolyte.
Several chemistries are possible for the battery.

Like Liion batteries, flow batteries can comprise of a range of chemistries, the most common ones being
vanadium redox and zinc bromine. Vanadium redox is the most commercially mature technology available
for flow batteries. The modularity and scalabildf/flow batteries mean that they are suitable for many

grid applications such as load balancing, standby power and the integration of renewable energy sources

Renewables integration projects

The number of flow battery installations identified i@mewables integration in Europe is limited. A total

of 6 projects have been identified in state of commissioned within Europe, with each installation having
relatively low capacities when compared to those using lithRiomtechnologies (BloombergNEF, 392
Some examples are:

i REDT Cornwall Energy Storage projéctzanadium redox flow battery installation in the UK with
a storage capacity of 1.08MWh. The battery was commissioned in 2017 and supports a 350kWp
solar PV installation.
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1 Robert Bosch & BWP Braderdpnningstedt Braderup Flow Battery Enerqy Storage Prajéct
0.325MW/1MWh vanadium redox flow battery installed in Germany. This project was
commissioned in 2014 and is located alongside a 18MW wind farm.

9 EGPE Son Orlandis Solar Energy Storage Projbit project is a 1.1MW/5.5MWh vanadium
redox battery installation in the Balearic Islands, Spain. Construction began in December 2021. It
will support energy storage needs for a 3.34MW solar farm.

Although the identified market for flow batteries in Europe is limited, there are installatieatonfirm
the technical viability of the technology for renewable integration within the grid (BloombergNEF; 2023)

M Liaoning Datandnternational Wanfangdian Zhenhai Wind Energy Storage PrajéctlOMW
/40MWh vanadium redox Energy storage installation, commissioned in 2020 in China. This project
serves a 100MW windfarm.

M Hokkaido Electric Minamihayakita Substation Energy Storage Projet15MW/60MWh
vanadium redox storage system installed in Japan in 2015. This project stores energy and smooths
output from a utility scale solar and wind farm.

Key findings
Some decisioimaking findings are summarized in Table 6.

Table6.- Decisiorrmaking findings. Flow Battery. (Arup, 2019 and BloombergNEF, 2023)

Flow battery

Roundtrip Efficiency 1477%

Total identified capacity and output in
Europe in renewable energgtegration
(includes announced, under development
and commissioned projects)

3MW / 12MWh

Less sensitive to high depths of discharge

Ability totolerate large number of discharge cycles
Virtual unlimited capacity

Low energy density

Limited project examples in Europe

Advantages

Disadvantages

=A =4 =4 =4 =4

2.2.3. LEAD ACID

Lead acid battery technology is the most established battery technology. There are several variants of the
technology available. Flooded leadid batteries immerse the electrodes in liquid electrolytes and release
gases upon charging. An example of thia standard 12V car battery. Sealed lead acid batteries come in
two forms - absorbed glass mat batteries create energy by immobilising electrolytes with a microfiber
glass mat, while gel cell batteries have the electrolyte mixed with silica dust to foimraobilised gel.
Sealed batteries do not require the regular addition of water to the cells and vent less gas than flooded
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lead-acid batteries. However, they have a longefcharge time and shorter useful life. Advanced lead
acid batteries have been developed and are particularly suited to storage applications.

Lead acid batteries are predominantly used for starting vehicle engines as well as for backup power
supplies and for grid energy storage. This technology is mature for its use as ancillary service such as ¢
Uninterruptible Power Supply (UPS), with demoatgd applications for bulk energy storage. Lead acid
has been demonstrated as storing between 0.1 and 10 MW over a period of hours, but there are examples
of projects which have capacities up to 50MW. The technology can be used in applicationsstdgrid
storage and distributed storage.

Renewables integration projects

Arup identified 3 projects in Europe (Germamgjngleadacid technology for renewables integration
applications, the most recent being commissioned in 2019. Outside of Europe wider selectioraxittad
installations exists supporting renewables (BloombergNEF, 2023k &@mples are:

1 Belectric Germany Energy Storage Proje&tl.6MW/2MWh lead acid battery installation set in
Germany. This project was commissioned in 2014 and supports a 67.8MW solar PV plant.

9 Kazenomatsubara Shizen Energy Noshiro Energy Storage Préjéz64MW/24.1MWh system
in Japan, and commissioned in 2016. This energy storage project supports a 39.1MW wind farm.

9 Three Gorges Group Changdu Basu Yiging Solar Energy Storage Project. RH&@0MWh lead
acid battery connected to a 20MW PV plant in Tibet, China. It was commissioned in 2022.

Key findings
Some decisiomaking findings are summarized in Table 7.

Table7.- Decisionmaking findings. Lead Acid. (Arup, 2019 and BloombergNEF, 2023)

Lead acid
Roundtrip Efficiency 82%
Total identified capacity and output in 2 MW / 2MWh
Europe in renewable energy integration . ) o
(includes announced, under development Lastinstallation in 2014.

and commissioned projects) * Note: no planned installations in pipeline.
1 End of life recycling infrastructure in place

Advantages 1 Relatively efficient

1 Low selfdischarge

Low energy density
Susceptible to high depths of discharge

= =

Disadvantage

2.2.4. SODIUM SULPHUR

A sodium sulphur battery is a molten state battery constructed from sodium (Na) and sulphur (S). The
battery casing is the positive electrode while the molten core is the negative electrode. The battery
operates at high temperatures of between 3880°C, kile lower temperature versions are under

XXXI
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development. In charging, the sodium ions are transported through the ion selective conductor to the
anode reservoir. Discharge is the reverse of this process. Because sodium ions move easily across the ion
selective conductor, but electrons cannot, thaégeno seldischarge. When not in use the batteries are
typically left under charge so that they will remain molten and be ready for use when needed. If shut down
and allowed to solidify, a reheating process is initiated before the batteries can be used BgS
batteries can be used for many grid applications such as: power quality applications, grid stabilisation and
the integration of renewable energy sources.

Renewables integration projects

This type ofinstallation is not popular in Europe, with a total of 10 identified project examples in grid
applications. With the specific application of renewables integration, there is one only identified project
example within Europe. Outside of Europe, additionadraples of installations exist but the technology
uptake is still low with just 13 identified commissioned installations in renewables integration globally,
many of which are located in Japan (BloombergNEF, 2023). Examples include:

1 Enercon Emden Energy Storage Projext0.8MW/5.8MWh sodium sulphur battery project. It
was commissioned in 2009 in Germany to support a wind farm.

1 Kyushu Electric Buzen Energy Storage ProjacsOMW/300MWh NaS Energy storage project in
Japan, and commissioned in 2016.

Key findings
Some decisiomaking findings are summarized in Table 8.

Table8.- Decisionmaking findings. Sodium Sulphur. (Arup, 2019 and BloombergNEF, 2023)

Sodium Sulphur

Roundtrip Efficiency 80%82%
Total identified capacity and output in Europe in 3 MW/ 18 MWh
renewable energy integration (includesnounced, * Last installation in 2012.

under development and commissioned projects) * Note: no planned installations in pipeline.

9 High energy density
Advantages 1 Long life cycle
1 Quick response
Disadvantages T Heatlng reqwreq In process -

1 Safety issues with molten sodium

2.2.5. NICKEL BASED

Nicketbased batteries are a type of rechargeable battery technology that use #iiaked compounds as
their positive electrode or cathode. There are two main types of niokskd batteries. There are a variety
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of different chemistries which make up this technology group, for example, mieiishium (NiCd),
nicketmetal hydride (NMH) and nickesodium chloride.

Nickel sodium chloride is used within stationary storage applicatitsshemistry consishg of a nickel
chloride cathode, a beta alumina separator and a liquid sodium aniduzoperating temperature of the

cell is between 270 C and 350°C. In charging, the sodium ions are transported through the beta aluming
to the anode reservoir. Discharge is the reverse of this process. Because sodium ions move easily acros
the beta alumita but electrons cannot, there are no side reactions, and therefore nalsetiarge. When

not in use the batteries are typically left under charge so that they will remain molten and be ready for
use when needed. If shut down and allowed to solidify, a reheating process is initiated before the batteries
can be used again.

Renewables integration projects

Uptake ofnicketbasedbattery installations has not been popular within Europeghe most recent
installation was commissioned in 2015 and supports a 10MW PV plant (BloombergNEF, 2023)

1 Enel Green Power Catania Energy Storage Projébts 1IMW/2MWh sodiumickelchloride system
was commissioned in 2015 and supports a 10MW PV plant.

Outside of Europe, major examples of the usaicketbasedtechnologies for renewables integration is
also limited. Existing commissioned installations of energy storage plants which usengtkeWpased
technology are of smaller scale, with capacities in the range af PMW.

Key findings
Some decisioimaking findings are summarized in Table 9.

Table9.- Decisionmaking findings. Nickel Based. (Arup, 2019 and BloombergNEF, 2023)

Nickel based

Roundtrip Efficiency 85%

Totalidentified capacity and output in Europe in
renewable energy integration (includes announcec
under development and commissioned projects)

3 MW /1 MWh
* Last installation in 2015.

High energy density
Fully recyclable
Long life (20 years)

Advantages

Heat may be required

Disadvan . .
sadvantages Unsuitable for short cycling

E R IRE I

2.2.6. FLYWHEELS

Flywheel energy storage makes use of the mechanical inertia contained within a rotating flywheel in order
to store energy. Flywheels store electrical energy by using the electrical energy to spin a flywheel (usually
by means of a reversible motor/generajoin order to retrieve the stored energy, the process is reversed
with the motor that accelerated the flywheel acting as a brake extracting energy from the rotating

XXXili
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flywheel. In order to reduce frictiolossesijt is common to place the flywheels inside a vacuum with the
actual flywheel magnetically levitated instead of using conventional bearings.

Flywheels as storage devices are more suited to improving power quality by smoothing fluctuations in
generation, as opposed to having long output durations. This is because of the ability of flywheels to
rapidly charge and discharge. Controlling grid freaey is an important feature and the need for this
service will increase as the penetration of intermittent generating units increase.

Renewables integration projects

Examples of flywheel installations within Europe for renewables integration is limited. Thidysdo@to
the technology being more suited to improving gstdbility and smoothing instead of power storage. An
example project includes (BloombergNEF, 2023):

1 S4 Energy and ABB Heerhugowaard Wind Energy Storage Pr@ectmissioned in 2022, this
project combines lithium ion and flywheel technologies to support a wind farm. This project
features a 10MWh battery systems with a 3MW flywheel.

Key findings
Some decisiomaking findings are summarized in Table 10.

Table10.- Decisionmaking findings. Flywheels. (Arup, 2019 and BloombergNEF, 2023)

Nickle based

Roundtrip Efficiency 82%- 85%

Total identified capacity and output in Europe in
renewable energy integration (includes announced 4 MW / 3 MWh
under development and commissioned projects)

Rapid response time
Low maintenance
Effectively maintains power quality

Advantages

E ]

1 Requirement for precision engineered
Disadvantages components.
1 Must be housed in robust containers

2.3. BATTERY LIFETIME & DEGRADATION

Battery lifetime refers to the length of time a battery can be used before it no longer provides adequate
performance. This is often measured in terms of cycles, or the number of times a battery can be charged
and discharged before its performance degrad@gificantly. Battery degradation is the gradual loss of
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battery capacity and performance over time due to a number of factors, including the usage patterns, the
temperature, and the charging and discharging rates.

For stationary batteries, such as those used in RE storage systems, the financial considerations of batter
lifetime and degradation are important. Without application, details on capacity and number of cycles for
an installation, it is difficult to accutely determine degradation. Various batteries technologies do differ
however in their expected lifespan, as detailed in Table 11.

Tablel1.- Expected lifespan of different battery technologies.

Battery Chemistry Expected lifespan
Lithium lon 10¢ 15 years (Cubeg022)
Flow Batteries 30 years (Power, 2020)
Lead Acid 5¢ 7 years (Cubes, 2022)
Nickel Based (sodium nickel chloride) 15 years (ScienceDirect, 2021)
Sodium Sulphur 15 years (Insulators, 2023)

2.4. EUROPEAN MARKET

Market Overview

Although China is the global leader in the BESS sé@ttastments in Europe are increasing significantly,
with lithium-ion battery production within the continent anticipated to increase rapidly. Utditale
installations in Europe are expected to scall-fold in the coming years, increasing from 3GW/4GWh in
2021 to 33GW/95GWh by 2030 (Nsitem, 2023).

In terms of existing installed capacity in Europe, the market is still very focused on grid services and price
arbitage applications more so than renewables integration application, as highlighted by the graph of
installed/planned powers and capacitiesEnorope for varying energy storage applications in Fig8re 1

7000

=
= 6000
= m Total Power
= 5000 (MW)
2
& 4000
(1]
o .
-, 3000 Total Capacity
E 2000 (MWh)
g o — — -
Grid services Price arbitage Technology Distributed Renewables Other
Testing Batteries integration
and systems

capacity
Figurel3.- Overview of battery storage capacities ¥arying applications in Europe

Regulations and incentives
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whilst having ambitous climate actions plans to combat reductions in emissions, many european countries

lack energy storage specific targets in their policies. Italy and Spain are the only europeans countries which

have specific mergy storage targets in their NECPs, while the UK, Greece and France have independently

set energy storage targets.

Grid scale batteries will play a vital role in balancing and integrating renewable energy generation into the
European grid. They will also aid in the distribution of electricity during peak times (to prevent network
reinforcements). Batteries are also essial to meet the growing EV demand and reduce transportation

related emissions to meet set emission targets. A number of EU countries including Belgium, Finland,

CNI} yOS: DSNXIyes LGFfes t2fFyR FYR { 6SRPyeclsyy2dzyO0S
until 2031. However, this focus is mostly on EV batteries rather than battery cells.

Manufacturers

| KAyl Aa GKS FTNRY(INHzyySNI Ay oFGGSNRB YI ydzFl OGdzNA y 3
end of 2022, 84% of the 132GWh battery manufacturing capacity within Europe was owned by companies
headquartered in Asia. Batteries produced in Europgeraore expensive than those produced in Chjna

the cost of battery production in China in 2022 was $127/kWh compared to $169/kWh in Europe.

Key battery manufacturers globally include CATL (China), LG (South Korea), BYD (China) and Tesla (USA).
Many of these companies have factories situated within Europe, such as the Tesla Gigafactory in Berlin
and an LG factory situated within Poland. Keyopean manufacturers include Nothvolt (Sweden), Italvot

(Italy), Morrow (Norway), PowerCo (Germany/Spain) and ElevenEs (Serbia) (Leach, 2023).

2.5. TYPICAL BATTERY COSTS

| NdzL) Kl & O2yRdzOGSR G(GKAa aSOdAzy 2F (GKS NBLRNI ol &
benchmarks. The reported market benchmarks are limited and may not be representative of current

market figures. Real installations are dependent on the medbgy and commercial operation date,

among other factors.

Thegraph in Figurd.4 showscosts ranges for battery packs for varying battery technologies. Note that
costs to create benchmarks for batteries other than lithium ion is limited, mainly due to the lack of
installations for comparison. Historical data has been used in these casascé-iassessors such as
Bloomberg focus their costing analysis on lithium ion due to the dominance of this technology within the
market. With market maturity the cost of lithiion batteries has decreased significantly, particularly in
China. The gae cannot be said for other battery technologies as their lack of commercialisation means
that costs are not expected to decrease to the same levels to that of lithium ion.

The cost of lithiurdon batteries has decreased steadily and significantly since 2010, méiveaage global

024l 2F emmyyk]12K Ay Hnamn G2 I&Maidoeedse kas degh heweverm > | & |
AY HAHHZI GKSNB (GKS LINAOS AYONBI&aSR (2 emMoTk]2K® ¢K
pandemic, as well as the existence of an undersupplied market with high demand.
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The cost for lithiurvion batteries can be further split into their stdhemistries, as detaitkin Figure 16.

As previously mentioned, NMC and LFP are thechigmistries most commonly used in stationary energy
A02NF3S WX AOFGAR2Yyad LY HnHoX OFLRAGEE Ozada
gKAES GKI G T2 Nfis[ifportarit 8 notembatthe JpAcés df batteries fluctuate and is
extremely sensitive to the price of raw materials such as lithium and cobalt.
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Figurel4.- Capital costs for battery packs for different battery technologies (Arup, 2019) (Lazard, 2018).
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Figure15.- Average global cost of battery pasince 2010
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NMC e 142 £/kWh

LMO I 109 £/kWh

N C A |- 184 €/kwh
LFP I 100 €/kwh

LCO |, 146 € /kWh
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Capital Cost €/kWh

Figure16.- Global average capital costs for varying lithiiom chemistries battery packs (BloombergNEF)

Other costs than the battery should be considered that would account for the total cossufrage
installation. Thus, the costs of the battery accounts for a significant proportion of the ESS installation cost,
but other aspects in energy storage projects have to be considered such as but not limited to the balance
of plant costs or the constructiorosts. Therefore, the overall cost of the installation per unit installed
capacity increases. A range of total estimated costs (CAPEX) based on dat4 ffrenmious Arup
confidential projects for lithiumion installations within Europe (grid connection and transformer cost
excluded) mightbe: 206 pn € k12 Ko

Operational and maintenance is a key cost which should also be considered. Benchmark data for battery
installations other than lithiurion is limited due to a limited number of commercial projects globally. The
operations and maintenance of storage insaéithn includes monitoring and control, maintenance, safety

and environmental considerations. Using information fronrmwmber of previous lithiumion battery
projects in the UK, OPEX costs have been reviewed to allow the calculation of a benchmark.r&fe figu
may vary depending on economies of scdlee estimatedannualoperation and maintenance cofir a

battery installation is expected to be within the range 146y ®p € kK1 2 K&
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3. MODELLING OF THE SELECTED RE TECHNOLOGIES

Figurel7 introduces the correlation between the differeetementsinvolved in the feasibility analysis of
potential Distributed Energy Generation Systeprojects for the integration in the road infrastructure
and/or NRA land/assets based on different RE generation technologies, which depends on:

9 Definition of road infrastructure and/or NRA land/assets, which consist in the characterization of
focus application cases: definition of input data and relevant parameters for DEGS evaluation.

I Characterization of the Renewable Energy Source in the specific location.

1 Modelling and parametrization of the Renewable Energy Technology (RET).

In Deliverable 2.2a full description of models and methodsithin the evaluation of DEGS were reported.
This sectiorbriefly summarizeghat documentfocusing on the description of the considered models and
parameters for RETs as well as the characterization of the wind and solar energy source.

MODELLING/PARAMETRIZATION
Renewable Energy Technology (RET)
{Wind turbine, PV-panels...}

. RET
- @4 FEASIBILITY ANALYSIS
i Performance Indices
CHARACTERIZATION I\ LB Evisered Lifs aneray
Renewable Energy ’ RES "'“y}} L'\ :"r\[m;;‘»!: S energy
Sources (RES) data | M 'L""" LS4
{‘u'\/\‘“(i, Solar. ["‘f V e Life cycle cost
e e Levelized Cost of
L glciricity
DEFINITION
Road Infrastructure, NRA
land/assets.

(Location, layout...)
Figurel7.- Evaluation of Renewable Energy Generation system projects iradmaitistration land/assets.

3.1. WIND ENERGY PROJECTS

3.1.1. WIND SOURCE CHARACTERIZATION

A widely used approach to characterize the wind resource is by its wind speed probability distribution
function (PDF). There are many PDFs that can be used to characterize the wind resousggaf, out

the most used is the Weibull PDF, as it provides a good fit to the annual frequency wind speeds of many
sites (Borunda, 2020). In this study, the tparameter family of Weibull PDFs is used Manwell (2009)
which depends otthe shape and scale factors of the distributié@ and_ , respectively) and the wind
speed { ).

Figurel8shows an example of the Weibull PDF for different values of shape factor and mean wind speed.
TheWeibull function factors are normally obtained by fitting the function to the measurements of wind
speeds using wind masts for duration of some months to one year through 10 minutes intervals (Sedagha
et al. 2016)Wind profiles are dependent on the height above the ground, ground's surface roughness,

XXXIX
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the ground's roughness variation, the atmospheric stability, and the geographical elevation (Wass 2018).
The wind speed profiles generated from wind speed measurements will be referred to as the mat's height.

There are twocommon models to estimate/scale wind profile at any given height: the log law and the
power law. Here, a simplified log wind profile is considetaedcale the wind profile at any given height
the mean wind speeduf) at a height (z) above the grouheingestimatedas depending on the mean

wind speed at the reference heighb (g

anda

), the zereplane displacementy( ) and the roughness

length € ), which accounts for the effect of th®ughness surfacélhe zereplanedisplacement is the
height above the ground at which zero wind is achieved as results of flow obstacles sucksasrtre
buildings. It can be approximated as 2/33f of the average height of the obstacles (Holmes 2015). On

the other hand, the value of the roughness length depends on the terrain.

In Table 12 the typical values of surface roughness length as reported by Burton (2001) are introduced.
The Weibull distribution factor€Q and_ ) can be extrapolated at any height of the rotor (z) by using

the Justus and Mikhail method (Justus, et al., 1978; Djohra Saheb,.2014)
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Figure18.- Weibull PDF for different values of the shape factor and mean wind speed.

Table12.- Typical values of surface roughness length for various types of terrain.

i Typical surface i Typical surface
Type of terrain : Type of terrain :
roughness lengtio roughness lengtfo
Mud flats, Ice le5to 3e5 Calm Sea 2e-4to 3e4
Sand 2e4t01e3 Mown grass 0.001to 0.04
Low grass 0.02 to 0.03 Fallow field 0.02 to 0.03
High grass 0.04t00.1 Forest and Woodland 0.1to1l
Built up area, suburb lto2 City lto4

In principle, the expected energy production of a wind turbine can be estimated based on wind Weibull
PDF on the target location and the turbine hub height. However, when many wind turbines are going to
be placed near each other, as in a wind farm, thevplent wind direction in the target location is also
needed to determine the allocation/arrangement of the wind turbines affecting the effective available
area. Fora given area, this information is normally given by a wind rose chart. There are muéitple d
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sources that can be addressed to get the wind characterization of a givereagea, global wind atlas is
available at Badger (2021), where differespieed statistics has been extrapolated for different areas
worldwide with a resolution of 9kfn Figurel9 presents ssimulated wind speedhap for central Europe

at 100m height as reported Badger (2021Besides, there are also specific wind speed data sources for
each countrywhich can also be accessed online, for example wind data source for the I1Pemnamsula

can be accessed at CENE®L9). Figur&0 shows an example of wind speed stas reportedin CENER
(2019) for a place located at 42.64° latitueé®,67° longitudewith 50mx50m scale.

Additionally, temporal wind speed profile may beeded when wind turbine is intended to be operated

in combination with Energy Storage Systems to provide a given energy/power demérat.dspect, the
seasonal and hourly wind speed profiles of the area of interest can provide additional information needed
so the ESS can be sized according to the expected load profile. Figslmevzs an example of seasonal
and hourly wind speed profiles taken froBadger (2021) for an aleatogykn? area located at southern
Denmark (55.22°Lat, 9.05°Long) with mean vapded of 8.42 m/s. The seasonal and hourly wind speed
profiles are plotted as wind speed index, which is the relative variation from mean wind speed (8.42 m/s).

Figure19.- Simulated Wind speed map for central Europe at 100m hé&ghtce: https://globalwindatlas.info/.

a) Wind speed distribution b) Wind rose
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Figure20.- Wind speed statistics for a place located at 43.342° latitdde}5° longitude with 50mx50m scale. a)
wind speed distribution at 50m with fitted Weibull PDF (W=6.4m/s, k_w=1.8); b) wind rose at 50m.
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Seasonal Wind Speed Profile

Wind speed Index

Hourly Wind Speed Profile

Hour (UTC

Figure21.- Seasonal and hourly wind speed profile. Left: location example 9 km2 area ars@ehenark
(55.22°Lat, 9.05°Long) with mean wind speed of 8.42 m/s. Right: (top) Seasonal wind speed profile as wind speed
index (varation from mean wind speed), (bottom) Hourly wind speed profile. (Source: https://globalwindatlas.info/)

3.1.2. MODELLING AND PARAMETRIZATION OF WIND TURBINES
Power curve model

In general, wind turbines transform the kinetic energy of the wind in rotating mechanical energy through
blades/rotor and converts @ energy in electric power usiran electric generator, which is commonly
interfaced by a power electronics converter and power transformer to ensure the right voltage level. For
large scale wind turbines, all previous conversion stages can be considered as part of the turbine device
as they are normally located inside of the wind turbine nacelle, while for small scale wind turbines, the
power converter and transformer are normally considered as additional components of the turbine.

Normally, the generated electrical power versus wind speed curve (also known as power curve) can be
found in the wind turbine datasheet, which is provided by the wind turbine manufacturer to quantify the
wind turbine performance. For a given wind turbinéhwprovided power curvé 1 , the expected
annual energy productio(AER) can be calculated by:

0o
0Qg,y= 8760t Qg Dy Upa '@ Vs
R1

where the full span of wind speeds from dntto cutout wind speed has been discretized iito wind
speed bins with equal width, and the total AERatculated by summing all contributions of each wind
speed bint is the wind speed of theth bin at the wind turbine hub height, ari@ is the wind speed
PDF of the area of interescaled to the wind turbine hub height. The factr is the wind turbine
availability, so the produap x @ ®  estimates the annual operation hours of the wind turbine.

The wind power curve is a unique characteristic of the turliree depends on factors like aerodynamic
blade performance, electric components (generator type, converter architecture,@tpgwer control
strategy, among others. Howevehere aretwo well-defined power curve shapes terms ofthe control
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strategyappliedfor high wind speeds, which can be classified as pitgulated and staltegulated. In
Figure 2 a comparative example of pitelegulated and staltegulated wind power curves shown.

Cut-out wind speed

Power

V—— T

]

Stalltegulated

Pitch-regulated

Wind
> Speed

Figure22.- Comparison of typical wind turbine power curves: Ritegulated versus Stalégulated

Pitchregulated wind turbines have an active control system that can vary the pitch angle of the turbine
blades, whichallows to control/limit the turbine rotational speed, or the torque transferred to the shaft
at high wind speeds. The pitehgulated power curve is characterized by increasing power up until the
rated wind speed, beyond which it keeps constant rated powgeuntil a cutout speed.

Stallregulated wind turbines have their blades designed to perform in a way that at high wind speeds the
rotational speed or aerodynamic torque decreases with increasing wind speed above a certain value
(usually beyond the rated wind speed) to protecetwind turbine without the need for active controls.

Staltregulated wind turbines have the advantage of lower turbine capital cost and a lower maintenance
associated with more moving parts. However, pitelgulated systems can deliver constant power output
above rated wind speed, while staligulated systms are not able to keep a constant power output in
high winds. Pitchliegulated control systesiaremore commonly used for large wind turbines (MW) while
stallregulated control is always used in very small wind turbines.

Expected Lifetime and Warranty period

A warranty is normally designed to protect a product from failure of its component parts over a specific
period. A typical warranty period will depend on the type of installed wind turbines and can be anything
from 1 to 10 years. On the other hand, the bime lifetime also depends on the wind turbine technology
and specific used components.

For large scale wind turbines, a typical warranty period of 5 years can be considered. As for the lifetime,
most of the manufacturers specified a minimum lifetime of 20 years, which can be extended up to at least
25 years depending on environmental factarsd the correct maintenance procedures being followed.

Regarding the expected lifetime and warranty period for small wind turbines, based on the collected data
for small wind turbines, it is observed that bigger wind turbines have longer warranty period and lifetime.

Figure 3 shows the collected data regarding warranty period and lifetime for small scale wind turbines as
well as the different trends in warranty period and lifetime for the referred wind turbine technologies.

xliii
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Figure23.- Warranty period and Lifetime of smaitale wind turbines

3.1.3. WIND FARMS MODELLING AND EVALUATION

The evaluatiorof the expected annual energy production of a wind farm allocated in each NRA land
depends on the wind farm layout. Determining the optimal layout of a wind farm is a complex problem
outside of the scope of this study. A simplified wind farm layout problem &as bonsidered in this study.

The main parameter definitions for the considered wind farm layout are presented in Edure

!

Prevalent k
Wind
dlrectu)‘n{’ D\
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Figure24.- Main parameter definitions for tlemnsidered wind farm layout

Given an available area with equivalent length , equivalent width and average orientation
measured by the equivalent area azimuth angbe with south reference%. 1 Jwhen the equivalent

area width in line with EadtVest direction, the wind farm layout is defined by the number of wind turbines
that can be allocated considering an average prevalent wind direction in théésite § measured from

the south and assuming a rectangular distribution of the wind turbines with a separation between turbines
parallel to the prevalent wind directiofDsopy) and a separation between turbines perpendicular to the
prevalent wind directior{Dsgopy).

Figure25 showsthe geometric problem definition for the determination of number of wind turbine rows
parallel to prevalent wind directigrwhereY%o. is thedelta azimuth angle between the prevalent wind
direction and the equivalent area azimuth angle.

#

w

Figure25.- Geometric problem definition for determination of number of wind turbine rows parallel to prevalent
wind direction

Thetotal number of wind turbines allocated in the equivalent area is calculated by:

Where 0 isthe number of turbine rowsind 0 the number of wind turbines per row.

The expected total wind farm annual energy producti8iRyinararm) Can be estimated by:

xlv
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With the wind turbine derated factof accounting for the power ratio of downstream wind

turbines respect to upstream winirbines, and the expected contribution of front wind turbines to the
total annual energy productiolAERTrc) approximated by:

Vo

000 vay= 87601 Qp T Ogry Voo '8 Voa t—o 6 0o aeea »0od
21

Where' weciis the equivalent efficiency of the wind farm grid connectiociuding power converter and
power transformer.
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3.1.4. SUMMARY OF WIND TURBINE PARAMETERS

Table 13 showa summary of wind turbine main parameters needed for wind energy project evaluation.
Parameters for two small scale wind turbines and for two large scale wind turbines are reported.

Table13.- Summary of Wind Turbine main parameters for wind energy project evaluation.

Parameter Unit Small Wind Large Wind

Wind Turbine Type -- HWAT DARRIEUS HWAT HWAT
Reference -- Bornay 6000 AeolosV 3kW  V902.0 MW  V1123.3 MW
Manufacturer - BORNAY LOtfeEr';‘ergy VESTAS VESTAS
Nominal Power kw 6.0 3.0 2000 3300
Peak Power kw 6.2 38 2000 3300
Rotor Diameter m 4 2.8 90 112

Rotor Height m - 3.6 - -
Nominal Wind Speed m/s 12 11 115 14,0
Cutin Wind speed m/s 35 25 4 25
Cutout Wind speed m/s 20 20 25 25.0
Survival wind speed m/s 60 525 - -
Weight (excl. Tower) kg 107 106 104000 138000
Turbine Cost EUR € (G.9:cC € nOpdcde M ppPOT € H n.G0p
ot R : : :
womes T ameer 4 4 4
Expected lifetime years 20 20 20 20
Tower Height m 12 12 80 84
Tower Cost EUR € HIhd € HB8DT € MPP3 r € Hcddr
Converter NominaPower kw 6.8 42 22000 36300
Converter Cost EUR e MOmM € MOMT € HCcp7y € oT @9 +
Total Cost per turbine EUR € Mo0060' € yB8mMn € H nf0c € H T.43
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3.2. SOLAR ENERGY PROJECTS
3.2.1. SOLAR RADIATION CHARATERIZATION

The amount of sunlight available in each location at a given time is essential information in the design and
evaluation of a photovoltaic system. The solar radiatoam be characterized by the measured solar
irradiance (power per area at a given moment) or radiation and by the solar insolation (total amount of
solar energy received at a particular location during a specified period) (Bowden, 2019).

Solar insolation data can be used for rough estimations in simple PV system design while solar irradiance
is used in more accurate evaluation of PV system performance which calculates the system performance
at each point in the day. The used methodsPMsystem evaluation in this document are based on solar
irradiance data.

The most common format for solar radiation data is Typical Meteorological Year (TMY) (Bowden, 2019).
In the process of estimation of the TMY data, meteorological measurements are made at hourly intervals
over several years to build up a picture of the ladanate. The data set is produced by choo$orgach

month the most "typical® month out of number of measured years of data. Typically, the variables used
to select the typical month are global horizontal irradiance, air temperature, and relative hymiitie

TMY data set typically includes the following relevant quantities for PV evaluation:

9 Date and timeThe data is usually an average for the hour and cdvalfein hour before the sample
to halfan hour after the sample.

9 Global Horizontal Irradiation (GHIAmount of energy striking a horizontal surface during the hour.

9 Direct Beam/Normal Irradiation (DNIrradiation striking a plate perpendicular to the sun's rays
but does not include diffuse radiation.

9 Diffuse Horizontal Irradiance (DHI¥mount of radiation received per unit area by a surface that
does not arrive on a direct path from the sun but has been scattered in the atmosphere.

1 Temperature:Air temperature at 2 meters.

1 Wind Speedtotal wind speed at 10 meters.

TMY data cabe obtained from different data sources, depending on the location and availability of data.

A global solar atlas (World Bank Group, 2021) has been developed by the World Bank Group, and Figure
26 shows an example of the global map of direct normal irradiation (DNI) and global horizontal irradiation
(GHI) provided by the global solar atlas app. Also, the National Renewable Energy Laboratory (NREL) has
published a National Solar Radiation Databad&RDB) with global irradiation datasets, whare

available for download (National Renewable Energy Laboratory, 2021). Also, NREL has created EnergyPlus,
a free simulation software package, developed under funding from the US Department of Energy, and has
publish TMY data covering the period from 2@0®1 2021 for about 16000 locations globally, with most

of them available at no cost from their website (NREnergyPlus, 2021).
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Figure26.- Global Solar Atlas (World Bank Group 2021), (top) Direct normal irradiation and (bottom) global
horizontalirradiation (source: https://globalsolaratlas.info/download)

On the other hand, the Photovoltaic Geographical Information System (P{EsISpean Commission

EU Science Hub 203trpvides free and open access to information about solar radiation and photovoltaic
system performance for any location in Europe and Africa, as well as a large part of Asia and America
Figure27 shows an example of TMY data obtained from the PVGIS tool for a specific location at 43.342°
Latitude and4.145° Longitude. The calculation of the solar radiation in PVGIS uses informatiorhegbout
local horizon to estimate the effects of shadows from nearby hills or mountains.
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The total amount of radiation received by a PV mod@e) is composed of diredBr\) and diffuse(Dry)
components Thedirectcomponent is the irradiance perpendicular to the PV surfacePNgystems with

2-axis trackers, which allow adjusting themselves to face the sun (as sunflowers do), the beam component
is the DNI from TMY data.

However, most of the PV systems are fully/partially fixed in place and do not rotate (with few variations

in their orientation/tilt angle manually done through the year), so the PV module only gets a portion of
the DNI component from TMY data.
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Figure27.- TMY data obtained fronPVGIS tool (European CommissieficU Science Hub, 2020) for a specific
location at 43.342° Latitude and.145° Longitude

Considering the PV module tijt and azimuth anglel definitions (Figure 28), it is possible to
determine both the PV module beam component and PV module diffuse component (Bowden, 2019). For
a more detailed description of these calculations see Deliverable 2.2.

North

South

Figure28.- PV module tilt and azimuth angle definition (source: https://solardesignguide.com/)
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Combining tle equationsfor those componentsvith the TMY data, it is possible to calculate the
total PV irradiance for an arbitrary oriented and tilted PV module. In Figure 29 the mean annual
total PV irradiance as function of module tilt and module azimuth is shown for the TMY data in
Figure 27.tlshould be noted that there is an optimal module orientation and tilt angle that
maximize the total annual average PV irradiariea €, theoptimal values are g o @and

r 8 T 1)J
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Figure29.- Mean annual total PV irradiance as function of module tilt and module azimuth for the TMY data plotted
in Figure 27. Location: 43.342° Latitude a#d145° Longitude

3.2.2. MODELLING AND PARAMETRIZATION OF PHOTOVOLTAIC MODULES
PV Model and characteristic curve

The electricity generated by the photovoltaic modules/panels depends mainly on the total amount of
radiation received by aolarPV module@\), the presence or not of shadows in the installation site, the
control method, and the performance of the P\bdule, which is associated to the module technology.

The electrical performance of the PV module is linked to its voltagent (\/) characteristic. Figure03
illustrates the typical PV cell/module characteristic curve along with the relevant points in the curve: the
short-circuit current, the opercircuit voltage and the voltage. Current and power at maximum power
point (MPP) operation. Here, it is assumedtttiee PV control method follows the Maximum Power Point
Tracking (MPPBJgorithm (Elbarbary, 2021), so the maximum power output of the solar aelhtwways

be obtained at different conditions.

The VI characteristic of the PV module at standard test conditions (STC: Irradiawe&000W/m2 and
module temperatureTvwos = 25°C) can be estimated based on the equivalent circuitR®¥Veell shown in
Figure 3, and usin@ single exponential model as proposed in Dezso &&@7)
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Figure30.- lllustration of PV cell characteristic curviglaximum Power Point (MPP), short circuit current and Open
circuit voltage. Source: S.G.Bowden (2019)
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Figure31.- Equivalent circuit of a photovoltaic cell using the single exponential model (Dezso Sera, 2007).

Therefore the method proposed by Dezso Sera (2007) has been implemented to estimate the PV model
parameters as function of the three key points of th&dharacteristic, normally provided in the datasheet
of the PV module, the shedircuit point, the opercircut point and the maximum power point (MPP),
defined by the following values:

= =4 4 -4 -2

Isc steshort-circuit current in STC
Voc stcOpen circuit voltage in STC
Vwep stcVoltage at MPP in STC
Impe sTcQurrent at MPHN STC

PuvepstcPaver at MPP in STC

Table 14 shows an example of typical information provided in the module datasheet, for this example the
monocrystalline modules series Ne@\from LG manufacturer have been considef@udce the PV model
parameters have been estimated, then thd dharacteristic of the PV module at different conditioGs(

and Tuod) are evaluated. Finallyhe MPP operating conditiois obtained Figure 32 shows an example of
obtained VI curves with cell temperature of 25°C and feonocrystalline PV module LG375QI&with
datasheet parameters as shown in Table 14.
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Tablel14.- Datasheet info for Monocrystalline modules series NeON R from LG manufacturer.

Mechanical Properties
Cells
Cell Vendor
Cell Type

Cell Dimensions

= of Busbar
Dimensions (L x W x H)
Front Load"

Rear Load"
Weight
Connector Type

Junction Box
Cables
Glass

Frame

Electrical Properties (STC®)
Model

Maximum Power (Pmax) w]

MPP Voltage (Vmpp) [ v] [
MPP Current (Impp) I [A]

Open Circuit Voltage (Voc) 1V}
Short Circuit Current (Isc) [A]

Module Efficiency | %] |
Operating Temperature | [*c] |
Maxmum System Voltage v |
Maximum Series Fuse Rating [A] .
Power Tolerance [ %] |

1)sT tandard Test Condit

Electrical Properties (NMOT")

| 163ma1cys | 163001CVs | 1636501045 | 16360010V

Model

LG3SQICYS | LGINQICVS | LG3BSQICYS | LG360QICAS

Test | Maximum Power (Pmax) | w] 82
MPP Voltage (Vmpp) v 36.4
Temperature Characteu_'istics ) MPP Current (Impp) (Al
NMOT | rel | Open Circuit Voltage (Voc) v | 4 40
L, ! (600 | Short Circuit Current (Isc) | [A] E 8
Voc | (%] | C sl Modkile Onerating Temperabint) - rradiance 800 Win2, Avibent temperatiie 2
Isc | Berqy | 0.037 3 a1
12 T
10j—1000W/m2 |
< ——800 W/m?
2 gk 600 W/m? i
2 —— 400 Wim?
> 6= P |
(@] 200 W/m
) @ MPP
ERS -
§
2F _
0 | | | | | |
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Figure32.- Example of obtained VI curves with cell temperature of 25°C and for monocrystalline PV module
LG375Q1CGV5 with datashegtarameters as shown in Table 18

Normally, the'O can be obtained from TMY data following the methodology described in section 3.2.1,
however, the module temperature will depend on the PV module operating point and on the amount of
radiation received. Thenodule temperature can be estimated using the steathte thermal model for

the module presented in Hammami et al. (2017), whiels beeradapted for the shake of completeness.

liii
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The steadystate thermal balance equation for the PV moddiepends on the area of the PV module

(Awod), the total incident powerGey - Auod), the total radiative power reflected from the PV module glass
surface (rev- Gov+ Auod) With reflection index rpy= 0.1 the output power generated by the PV module

(Pvep), and the total heat exchange of the PV mod@e.fi py, Which is composed by the convective heat
exchange Qconvey and the radiative heat exchang@rtary of front and back sides of the PV module

Figure 3 shows an example dhe obtained output power and module temperature as functitve of
irradianceGevand the ambient temperature for monocrystalline PV module LG3758%@With datasheet
parameters as shown in Table T4e use of the proposed simplified model can speed up the computation
of annual energy production by avoiding the solution of nonlinear equations in-hauke and thermal
model for the different operating conditions throughout the year.

400 ‘
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g T mp=0C
<3 — T, ,=10°C
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Figure33.- Example of obtained output power and module temperature as function of irradiance and ambient
temperature for monocrystalline PV module LG375Q4%with datasheet parameters as shown in Table 14

Finally, for a given PV module with defined voltagerent curve, the expected annual energy production
(AERw) can be calculated by:

8760
0005 = U555 ("Ber(00, ¥ 5(00)

og1

Where Goy(tn) and Tamb (th) are the time series for PV irradiance and ambient temperature that can be
evaluated from available TYM data for the location of interest.

Expected Lifetime and Warranty period

The product warranty of the checked PV modules is between 5 and 15 years, which varies depending on
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the manufacturer. On the other hand,2b yearsperformance warrantys typically given for crystalline
silicon modules, which basically defines the expected lifetime of modules to be 25 years.

The performance warranty is normally associated to a linear degradation provided by the manufacturer,
which is the maximum output degradation per year that can be expected after the first year of usage.
Figure34 shows the collected data related to linear output degradation for the analysed PV modules.
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Figure34.- Warranty- Linear Output Degradation f@analysed®V modules

3.2.3. SOLAR PV FARMS MODELLING AND EVALUATION

In a similar fashion as the wind farm case, the evaluation of the expected annual energy production of a
solar PV farm allocated in each NRA land depends on the solar farm layout, which basically is defined b
the number of PV modules with defined tilt andimuth orientation that can be placed in the given area.

To determine the optimal layout of a solar farm is a complex problem outside of the scope of this study.

A simplified solar farm layout problem has been considered in this study. The main paraefatéons

for the considered solar PV farm layout is presented in Figbire

Figure35.- Main parameter definitions for the considered solar PV farm layout
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Given an available area widguivalent length O , equivalent width @ and average orientation
measured by the equivalent area azimuth andbe with south reference%. 1 Jwhen the equivalent

area width in line with Eadt/est directionthe solar farm layout is defined by the number of PV modules
that can be allocated considering module fjlt and azimuth orientationy measured from the

south and assuming a rectangular distribution of the PV modules with a separation between PV modules
parallel to the module azimuth orientatioépvy) but not separation between PV modules in the same
row perpendicular to the module azimuth orientation.

Figure 36 showthe geometric problem definition for the determination of number of PV module rows
perpendicular to the module azimuth orientation, wheYéo is thedelta azimuth angle between the
module azimuth and the equivalent area azimuth angle

1 2 3 4 5... NLa

Figure36.- Geometric problem definition for determination of number of PV Module rows perpendicular to the
module azimuth orientation.

The maximum number of PV modules that can be allocated in the equivalent area is calculated by:

Where( is the number of PV rows anid the number of PV modules per row.

Once the maximund for a given area is estimated, the number of strings in the solar (&kghgry)
can be evaluated. The maximum number of strifdisi{gev.my) iS constrained by the maximum open circuit
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voltage of individual PV modulegdocmy) and the maximum DC voltage of the PV farm conneckigan),
whichis normally limited to 1000V for the silicon PV modules considered.here

Since the PV modules have a negative thermal coefficient for the pen circuit voltagé,dhean be
estimated considering the lowest expected ambient temperature in the locatiamefest. On the other
hand, the minimum number of stringBlgingev.my IS constrained by the minimum operating voltagehef

individual PV modules/(rrm) and the minimum DC voltage of the PV farm connectiGaq(), whichis

normally limited by the PV inverter operation limits

The number of strings in the solar farm is selected to fulfil:
0 8 0 0 8
Then, the number of PV modules per strifgidssting and thestring voltage limits can be evaluated

The expected total solar PV farm annual energy product@iiarar) can be estimated by:

U iayeoi

0Qvuiaia = Upeajaves ot Qovazo Q
™1
8760
t Vo6 Qo Oq, %o 0o t—govo Uvoeea Uoan 10550 t Qesvaes @
o1

Where Pypris the output powerof a single PV module, which can be evaluated as described in section
3.2.2;" pesthe power electronics converter efficiency of the solar farm interconnection, which depends
on the nominal solar farm power and output power; akdsnadzouthe PV row seifhading factor, which
models the effecby whichrows of PVpanelscause shadintp subsequent rows. The sedhading factor

is modelled based on the Sslfiading and shadow angle definition show in Figie

Tilted Module:
tiltangle:] 104
width: Whtod

Shadow Angle \

“__‘f‘ShadOW - ] Mod
1< < 2

DSPVM
Module Row Distance Dgpym

Figure37.- Self-shading and shadow angle definition. Source: figure adapted from Energy (2016)
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3.2.4. SUMMARY OF PV MODULE PARAMETERS

In Table 15 a summary of PV module main parameters needed for the evaluation of solar energy projects

is shown. Exemplary data for three PV modules are reported.

Table15.- Summary of PV module main parameters

Parameter Unit Monocrystalline Monocrystalline Polycrystalline
Reference -- A-330M GS PERC  JAM72S3630 CS6B35P
Manufacturer - ATERSA JA SOLAR Canadian Solar
Number of cells - 60 144 72
Module Length mm 1640 2278 1960
Module Width mm 992 1134 992
Module Thickness mm 35 30 35
Module Weight kg 175 27.8 224
Maximum Power (at STC) w 330 530 335
Module Efficiency % 19.78 20.50 17.23
Maximum Power (at NMOT) w 279 401 247
Cost per module EUR € HOGT € HO@ n € MOT
Output Power Model:

Q -- 0.6959 1.0933 0.599962

ko] -- 2.17E07 4.41E07 7.33E07

Q -- -0.0012 -0.0020 -0.00097

ko) -- -5.70E05 -1.34E04 -0.0003
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4. LEGISLATIVE & REGULATORY FRAMEWORK

4.1. RESEARCH & DUE DILIGENCE REPORT ON NATIONAL AND EU REGULATIONS

This report aims to identify the relevant national and EU regulations applicable to the NRAs in the energy
production area. It analyses regulations concerning renewable energy production, energy supply for
government entities and the generation and commialigation of electricity by examining various figures

and business models such as demand aggregators, renewable energy communities and chargin
infrastructure among others. Its objective is to provide a baseline for further analysis to identify potential
risks, pitfalls and barriers in implementing energy generation business models for NRAs.

4.1.1. EU REGULATIONS

In 2015, the EU committed to limiting global warming to well below 2°C and to pursue efforts to limit to
1.5°C. The Winter Package in 2016 proposed eight measures to transition to a clean energy economy. B
2019, three directives were enacted, including tRenewable Energy Directive and the Regulation on the
Governance of the Energy Union and Climate Action. Moreover, the European Green Deal (EGD)
LINB&A&SYGSR AY Hnmdp SadlrofAaKSR GKS 32Kt 2F ySi
goak, the commission pledge to improve the existing legislation to fit for 55% emission reduction by 2030.
Within the framework of the EGD, and after revising its targets, the current renewable energy target for
the EU was set at 42.5% by 2030. Additiontily GHG intensity was set to reduce by 16% in the transport
sector by 2030.

Governance of energy union and climate action objectives

The Regulation on the Governance of the Energy Union and Climate Action establishes a framework fo
reliable and transparent governance to achieve the European Union and Paris Agreement objectives. A
such, member states are required to develop NationarBy and Climate Plans (NECPSs) every ten years
focusing on targets regarding GHGs emissions, renewable energy, energy efficiency and interconnectiol
of electricity. In addition, the EU strategy for Energy System Integration highlights the need for rgviewin
and refocusing different aspects to meet the 2050 energy and emissions targets. For instance, this include:
an expansion of Emissions Trading Systems to include emissions from road transport by revising policie
and raising the standard of vehicles by3RQo achieve climate neutrality. This transition must also be
accompanied by the development of the infrastructure to recharge and refuel these vehicles.

The Green deal and the Internal electricity market

The internal market for electricity Directive aims to establish an integrated and competitive electricity
market to accelerate the uptake of renewable energy. This regulation sets common rules for generation,
transmission, distribution, energy storage aelkéctricity supply. The Clean Energy Package, included in
this Directive, enables the integration of large amounts of variable electricity generation and the
integration of flexibility from demand response and storage, stimulating investments and empgwerin
electricity customers. The EU Strategy for Energy System Integration aims to facilitate the operation of
St SOUNROAGE ySUg2Nyla 08 FR@20FiGAY3a O22NRAYI GSR
across several infrastructures and sectors.

lix
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4.1.2. COMPARISON LEVEL: AMBITIONS, GOALS AND COMMITMENTS

As a general overview, most of the countries under the study show no important barriers concerning their
ambitions éee green colours iRigure38) as they all belong to the European Union (apart from the UK
and Norway who have nevertheless aligned or more ambitious commitments).

All the countries under this study have presented ldeign strategies to reduce the greenhouse gas
emissions; all of them in line with the overall goals set by European Union decarbonization strategy
according to theanalysedegislation.

Related to the strategies, all tr@nalysedcountries have presented National Energy plans (2021 to 2030)
in order to get over the major climate challenges. The plans are ambitious and will be a positive driver
toward the implementation of renewable energy projects in the road infrastructure.

Regarding Norway and United Kingdom, Norway is not part of the Union and as of 31 January 2020, the
UK has left the EU and will therefore not contribute to EU targets or be bound by the Renewable Energy
Directive after the Transition Period ends. This factits own is not a barrier as the countries have set
targets and commitments aligned, or even more ambitious than those of the EU. Nevertheless, they have
no pressure from the union to achieve them in order to comply with the overall union target.

Germany | Austria Ireland [Netherlands| Belgium [ Denmark | Sweden |Norway| U.K.

Mational Long
[Term Strategies

MNational Energy
Climate Plans

2030 Framework
for the Union -
[Targets

Binding Overall
Union Target
2030

Figure38.- Ambitions, Goals and Commitments Matrix
4.1.3 GERMANY

Regulatory Framework

The most relevant laws in German legislation are the Energy Industry Act EnWG and the Renewable Energy
Sources Act EEG:

1 Energy Industry Act EnWS a policy framework which aims to improve competition, security on
energy supply and sustainable energy production. It includes a requirement for electricity labelling
based on the energy sources, enabling consumers to make informed choices abostifipdiers
and the energy sources they use.
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1 Renewable Energy Sources Adte most recent amendment to the EEG, which was published in
2023, states that a minimum of 80% of Germany's total electricity consumption must be derived
from renewable energy sources by the year 2030 and net zero by 2045.

Relevant figures and structures to be defined
The relevant legislation for defining figures and structures in various areas is as follows:

1 Demand aggregatordDemandresponse managemern distribution level financial benefits are
organized by EnWG, the operating reserve markets are based on EnNWG, the renewable supplier:
are based on the EEG and the Electricity Grid Access Ordinance StormNZV.

1 Closed distribution networks and renewable energy communitiesk clear legal definitions,
although citizen energy communities are defined in the EEG and offer simplified access for small
windfarm auctions.

1 Charging infrastructureis addressed in the proposed Buildingvigbility Infrastructure Act.
Technical standards for charging equipment are regulated in Charging Infrastructure Regulation.

1 PPAsre primarily governed by EnWG, EEG and Electricity Network Fee Ordinance StormNEV.

4.1.4. AUSTRIA

Regulatory Framework

The most relevant laws in Austrian legislation are the Electricity Act, the Green Electricity Act and the
Renewable Expansion Act:

1 Electricity Act EIWOG@overs electricity generation, transmission, distribution, electricity supply,
system charges, billing, internal organizatianbundling and transparency of the accounts.

f Green Electricity Act OSG and Renewable Expansion ActdiA&to support green electricity
generation through subsidized feed tariffs and investment grants. It sets a goal of generating
100% renewable electricity supply by 2030.

Relevant figures and structures to be defined
The relevant legislation for defining figures and structures in various areas as follows:

1 Demand Aggregator€Energy aggregation and access to operating reserve auctions is considered
in the latest EAG proposal.

1 Closed Distribution Networks and renewable energy communitége defined on the latest EAG
proposal.

1 Charging infrastructures addressed in the Clean Energy in Transport policy framework.

1 PPAsare a common practice in Austria despite not being mentioned in main legislation, they are
driven by renewable energy plants.

Ixi
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4.1.5. THE NETHERLANDS

Regulatory Framework

The most relevant laws in Dutch legislation are the Climate Act, Energy Act and the environmental and
spatial planning acts:

1 Climate Actlegislation establishes the CO2 emissions reduction targets aligned with international
agreements. This act is updated every 5 years based on the current situation. It aims for a 95%
emission reduction compared to 1990, achieving carbon neutrality by.2885@& mediurterm
objective, it requires a reduction in emissions by 49% by 2030.

i A = 4

f EnergyAcNB 3dzf | 1S&8 G4KS St SOGNROAGE YIFINJSGEZ LINRGSOG A
energy availability.

1 Acts onenvironmental andspatial planning policiesthat regulate locations for the renewable
development, the implementation of CO2 certificates for transport, set rules for permits and
environment and set limitations on nitrogen emissions.

Relevant figures and structures to be defined
The relevant legislation for defining figures and structures in various areas is as follows:

Demand Aggregatorare addressed in the new Energy Act.

Closed Distribution Networks and renewable energy communitée defined on the Grid Code,
located within the Energy Act which describes the regulations on private and public grids. In
addition, the Electricity Act provides further rules on independent network operation.

Charging infrastructurés addressed in the Clean Energy in Transport policy framework.

PPAdegal framework is covered in the Energy Act and certification of green energy is covered by
the GoO Act.

4.1.6. BELGIUM - FLANDERS

Regulatory Framework

The most relevant laws in Belgian legislation are the Climate Act, Energy Act and the Environmental and
Spatial Planning Acts:

1 Belgian Integrated National Energy and Climate Ptaptures the EU Energy and Climate policy.
On this basis, Flanders agreedrtsmish Climate strategy 2050

1 Energy Actstates that both the regional and federal governments share responsibility for
electricity and natural gas markets. Federal energy laws include the Electricity Act 1999 and
internal electricity market. Moreover, the VREG is the Flemish regulator supkbyigbe Flemish
Parliament, overseeing electricity and gas markets, including green energy regulation. Energy law
in Flanders is governed by the Energy Decree, Energy Decision, and technical rules.
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1 Acts on environmental and spatial planningpllectdifferent laws covering rules and regulations
for spatial planning, environmental impact and permitting for sustainable development including
the Flemish Environmental Regulation (VLAREM) and the Spatial Planning Act.

Relevant figures and structures to be defined
The relevant legislation for defining figures and structures in various areas is as follows:

Demand Aggregator€ELIA is national grid operator and is addressed in Federal Grid Code 2019.

Closed distribution networks and renewable energy communitige covered by the VREG and
part of the Energy Decree.

1 Investments orcharging infrastructureare being made to develop a network of charging points
for electric vehicles. The VREG covers the different distribution operators.

1 PPAsand green power legal framework is covered in the Energy Decree and Energy Decision of
Flanders.

i1 Offshoreis regulated by CREG. This organism is responsible for offshore wind concessions,
permitting and green power certification.

4.1.7. DENMARK

Regulatory Framework

The most relevant laws in Danish legislation are the Act on promotion of renewable energy, the Act on
promotion of savings in energy use and the Electricity supply Act:

I Act on promotion of renewable energyo encourage renewable energy production, reduce
reliance on fossil fuels, ensure energy security, and lower CO2 emissions in accordance with
climate and environmental goals.

1 Act on promotion of savings in energy use promote energy savings and efficiency, considering
climate, environmental security of supply, and economics. It covers efficiency and energy use
reduction in products, plants, processes, buildings, and information to consumers.

9 Electricity supply Acto ensure secure, affordable, and environmentally sustainable electricity
supply, while protecting consumer interests and providing them with influence in the electricity
aSO02NRa YlylF3aSySyido

Relevant figures and structures to be defined
The relevant legislation for defining figures and structures in various areas is as follows:

DemandAggregators There is no legal framework currently, but it is not disallowed.

Closed distribution networkglo not have specific mention in the law, but they are closely related
to the executive order on net calculation for their own electricity producers.

REcommunitiesdo not currently have a legal framework, but are not disallowed.

Charging infrastructurés governed by the Act on infrastructure for alternative fuels.

1 PPAsre under discussion among industry. No specific framework has been identified yet.

Ixiii
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4.1.8. UNITED KINGDOM

Regulatory Framework

As of 31 January 2020, the UK has left the EU, and therefore will not contribute to EU targets or be bound
by the Effort Share Regulation after the Transition Period ends. However, the UK has its own objectives.
Ly GKS | YQa . NX A dad tie NBionElg DeferdhiatrRaniiiiutiof itidstatedimeall
regions have high ambitions and work hard to reduce the GHG emissions along every sector with a global
target of reducing UK GHG emissions by around 68% by 2030, compared to 1990 and bgt2@50.

The most relevant laws idKlegislation are the Electricity Act 1989 (as amended), the Energy Act 2013,
Electricity Market Reform (EMHA5nergy White Paper and the Road to Zero:

9 Electricity Act 1989 and Energy Act 20pBvide a complete framework for development of
renewable energy technologies in the UK, with a range of measures to support the sector and to
incentivize investment.

9 Electricity Market Reform (EMR3 intended to provide a stable and predictable framework for
investment in lowcarbon energy sources, while also ensuring that there is sufficient capacity to
meet electricity demand

1 Energy White Paper (Dec 20263tablishes plans for transformation of transport, energy and
infrastructure in order to delivery significant decarbonization of power in the 2030s argenet
by 2050.

9 British Energy Security Strategy (April 2022)

1 RoadtoZerca Sl a 2dzi GKS !'vYQa &dGNIGS&3Ie F2NJ Ot St ySNI N

emission transport by 2030 and the development of the required charging infrastructure and
manufacturing capability.

Key Industry players

The key players and roles in the electricity transmission, distribution and supply sectors in the UK are
showcased below:

I The transmission owners for the different regions are: National Grid Electricity Transmission
(NGET) for England and Wales, Scottish Hydro Electric Transmission Plc for northern Scotland, and
SP Transmission Plc. for southern Scotland. The System Opergtogland, Wales and Scotland
is the National Grid Electricity System Operator (NGESO).

i There are six Distribution Network Operators that own and operate the distribution networks
(Electricity North West, Northern Powergrid, Scottish and Southern Energy, SP Energy Networks,
UK Power Networks and Western Power Distribution).

1 There are companies that generate and supply electricity (Centrica, EDF, E.ON, etc.), companies
that only generate (UK Power Reserve, EPH, etc.), and smaller suppliers and energy aggregators.

1 The market operator is Elexon, responsible for delivering the Balancing and Settlement Code.
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1 Ofgem (Office of Gas and Electricity Markets) is the government regulator for the electricity and

downstream natural gas markets in Great Britain.

Relevant figures and structures to be defined

Figures and structures in various areas are described below:

)l

Selfconsumptionhas been in place for several years. The-g@ifsumption installation has an
electricity supply contract either through a supplier or aggregator. The simple scheme is limited
to very low capacities depending on grid connection voltage. Large instaflatiead to go
through the normal permitting process.

Demand Aggregatorare commonly used by consumers with supply points spread. Demand
aggregator can deliver demand response services.

Renewable energy communitieshe Smart Export Guarantee, tRenewable Heat Incentive, and
the Local Energy Programme are meant to incentivise local generation.

Closed distribution networksallow a distribution exemption holder to apply to Ofgem for
classification as a Closed Distribution System (CDS). Ofgem must agree to classify the distributio
exemption holder if it meets the criteria laid down in regulations.

Charging infrastructuras supported byhe Government with a variety of schemes, including in
LIS2 L) SQa K2YSa FyR g2N]J LI I O0Sad ¢KS St SO0 N
March 2022. The provision of charging infrastructure was also included in amendments to the
Building Regulatins 2010, in June 2022.

Power Purchase Agreements (PPAsg often used, specifically loigrm PPAs. The UK has a
relatively healthy shorterm PPA market which a number of policies have facilitated. Similarly,
the Contracts for Difference scheme, prompts PPAs referenced to the CfD price.

Relevant British supporting plans and strategies are showcased below:

)l

Smart Export Guarantee (SE@pe a financial incentive to support distributed and srsahle
renewable generationThe SEG tariff is a guaranteed price for each unit of electricity exported to
the grid. It is an obligation for licensed energy suppliers to offer eligible generation projects an
SEG tariff rate.

Contracts for difference (CFDr larger schemes of low carbon generation, with an installed
capacity of at least LMW. The application process for CFD is more complex than for SEG scheme

4.1.9. IRELAND

Regulatory Framework

The most relevant laws in Irish legislation are The Programme for Government, The National Energy anc
Climate Plan 2022030, Climate Action Plan, and Climate Action and Low Carbon Development Bill:

)l

Programme forGovernmentgoes beyond NECP and EU efforts, focusing on higher ambition. It
includes expanding microgeneration, focusing on rooftop solar energy, increasing sustainable

Ixv
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energy communities and prioritizing microgeneration development with the ability to sell excess
power back to the grid.

I National Energy and Climate Plan 202030 focuses on decarbonization, energy efficiency,
security, markets, and innovation. It includes a 7% GHGs yearly reduction, aims for 70% renewable
electricity, and promotes 15% of demand through PPAs.

1 Climate Action Planncludes a road map outlining the climate policy to halve emissions by 2030
and to achieve net zero by 2050. It includes support for microgeneration, allowing individuals to
sell excess electricity. The plan also promotes community participation in refegeaberation
and sets EV targets with charging infrastructure development.

9 Climate Action and Low Carbon Development Billudes legislation that commits Ireland to net
zero carbon emissions by 2050, including policies to achieve a 7% GHGs emissions yearly reduction
and annual revisions of the Climate Action Plan.

Relevant figures and structures to be defined
Relevant Irish market demand aggregators are:

1 Microgeneration Support Schemallows individuals and communities to sell renewable
electricity to the national grid.

1 Renewable Electricity Support Schenaéms to enable community participation in renewable
energy projects by providing pathways to support the projects. It includes financial assistance for
renewable electricity projects and aims to diversify technology diversity by broadening the
renewable electricity technology mix.

Relevant Irish supporting plans and strategies are showcased below:

f 9ANDNAR 5SSt AGSNRAY3A | &SOdzNB aaims iplputiyf plazdétle St SO0 N
correct structure, level, and type of service to ensure the electricity system can operate securely
with higher levels of nosynchronous renewable generation. It also promotes the use of Smart
Grid technologies allowing greaterargarticipation.

1 National Transport Authority Statement of strategy 2012022 aims to align land use and
transport policies to promote sustainable transportation. Proposals will be developed to integrate
land use and transport plans at the local level. Guidance will be provided to support statutory
bodies in achieving sustainableirsport objectives.

1 Corporate PPAare a wellestablished, proven concept in the energy market.

4.2. RED FLAG REPORT

Arup carried out an energy regulation assessment examining general EU legislation and the specific
measures adopted by selected countries (Germany, Austria, Netherlands, Bé&lginders, Denmark,
Sweden, Norway, Ireland, and UK). To perform this analygschosen rules to study were the ones
regarding the generation and commercialization of electricity at EU level and in each of the mentioned
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target countries. By observing Figu88, users can easily identify which countries may be more suitable
for a potential business case in which the implementation of renewable energies is involved.

Low risk has been assigned to regulations that do not present any barriers for their implementation in the
country. Medium risk is considered when the possible barrier is considered manageable but may require
ongoing monitoring and review. Finally, higbkrrepresents a material and unmanageable barrier to the
implementation that would render a certain strategy/business model unfeasible.

In this section, a summary dfie potential risks, pitfalls and barriers have been ordered by risk. The
countries with no relevant risks detected have not been mentioned, for further information, refer to the
red flag report of the project. The analysis has been structured based on the requiremadésto the
countries by the three main EU legislation on energy and climate.

Germany Austria Ireland  |Netherlands| Belgium |Denmark| Sweden | Norway UK.

National Long Term Strategies

National Energy Climate Plans

2030 Framework for the Union Targets

Binding Overall Union Target 2030

Support Schemes for Renewable Energy
JAdministrative Procedures, Regulations and Codes

simple procedures for grid connections -
jGuarantees of Origin for renewable energy

Renewable Self-consumers -

Renewable Energy Communities

Mainstreaming Renewable Energy in the transport
kector

Minimun Shares of Renewable Energy in the
[Transport Sector

JAggregation Contract

JActive Customers

[Citizen Energy Communities

Demand Response Through Agreggation
Integration of Electromobility into the Electricty
Network

IClosed Distribution Systems

[Connection of new Generating Installations and
[storage

Figure39.- Overview matrix on potential barriers/challenges for implementation of RES

4.2.1. GOVERNANCE OF THE ENERGY UNION AND CLIMATE ACTION

Low Risk:

1 National longterm strategiesare required to be developed by Member States and must be consistent
to their national energy and climate plans. They have been correctly addressed and they will be a
positive driver for renewable energy in road infrastructures.

1 National energy and climate plansiwust be updated by Member States every ten years. Currently,
they must pay special attention to the 2030 targets for GHGs emission reduction, renewable energy,
energy efficiency and electricity interconnection. They wamalysedand presented in all countries.

T wnon FTNIYSE2N] F2N SySNHE | YyoRGHGEermissibnie8uctolsNaost K S
of the countries have already developed concrete strategies.

4.2.2. PROMOTION OF THE USE OF ENERGY FROM RENEWABLE SOURCES

Low Risk:

Ixvii
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1 Bindingoverall Uniontarget for 2030aims to achieve a renewable energy consumption collectively
AY 9!/ Qa aSYoSNI{dFrdSa 2F 4 tSrad nHop: @
o Barriers regarding this topic are presentAnstria, as its measures to reduce emissions are
implemented by different government levels, as such, the coordination of the different
government levels could pose a challenge for the project.

o0 Inlreland, barriers include an unknown roadmap regarding hydrogen development.

o0 By leaving the EU, the UK will no longer contribute to the EU's renewable energy targets.
Although the UK has set a new target of2Z26 renewable energy share by 2030, it is a less
ambitious target than the EU target.

1 Opening of support schemes for electricity from renewable sources from neighb countries
The Commission introduced an obligation on Member States to partially open their support schemes
for crossborder renewable energy producers.

o0 Barriers arise in théletherlandsas in the new SDE++ (Sustainable energy transition subsidy
scheme), electricity production competes with CO2 saving solutions. In addition, this scheme
will no longer be available in 2025 which could be a potential risk for the project.

0 There are additional barriers Bwedenas, although two joint support schemes exist with
Norway and Denmark, the green electricity installations which are able to receive electricity
certificates are the ones located in Sweden.

i Calculation rules with regard to the minimum shares of renewable energy in the transport sector
To meet the minimum renewable energy requirement for the transport sector (14%?*), the share of
renewable electricity shall be considered four times its energy content when supplied to road vehicles
and 1.5times when supplied to rail transportation.

0 Barriers inAustriainclude the lack of legislation regarding the minimum share of renewables
in the transport sector.

o Two main barriers have been identified$weden.Firstly, biofuels from waste and residues
are doublecounted against the Renewable Energy Directive goal. Also, rail traffic electricity is
the only one reported as renewable in Sweden, excluding other modes of transport.

9 Other provisions on renewable energy in the transport sectmiay be developed. Member States
shall take measures to ensure the availability of fuels from renewable sources for transport, including
in relation to publicly accessible high power recharging points.

o Barriers inAustriainclude the lack of legislation regarding this topic.
Medium Risk:

1 Support schemes for energy from renewable souraaay be applied to achieve renewable energy
targets in each State by incentivizing renewable electricity integration and market responsiveness.
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0 Barriers exist irAustria, as the subsidies for PV plants on agricultural or grassland areas are
limited unless these areas are specifically designated for the construction of PV installations.

o0 Germanyfaces challenges in securing support due to its complex and competitive processes.

(*) the Renewable Energy Directive has been updated as October 202823/2413The figures in this report might refer to the older version
EU2018/2001Specifically, the minimum renewable energy requirement for the transport sector has been increased to 29%.

o In addition to that,Ireland has no subsidy scheme for hydrogen, which could be a potential
barrier for the development of hydrogemased technologies in the future.

1 Administrative procedures, regulations and codesust be simplified. Member states shall remove
unjustified barriers and facilitate the integration and deployment of PPAs.

0 Barriers exists iAustria, where renewable PPAs are not specifically addressed by legislation.
Moreover, the existence of PPAs directiveSwedenis considered unclear. This lack of rules
could jeopardize project implementation and financing conditions.

0 In Sweden the solar electricity market has expressed concerns about regulations favouring
residential owners and small systems, limiting solar expansion. To address this, a tax
exemption limit has been raised to exempt PV systems up to 500 kW.

o0 Germanyhas recently implemented legislatioon Renewable Energy communities in the
Renewable Energy Expansion Act in 2021 so its implementation is starting to be deployed.

o0 Norwayhas extensive requirements for renewable energy developments acting as a barrier.

1 Simplenotification procedures for grid connections must be established where renewable
installationsorselD2 y adzY SNEQ | 33aINB I 4GSR LINPRdAzOGAZ2Y dzyAd
distribution system operator.

0 Barriers exists in countries such@srmany where projects with a 10.8 kW capacity or higher
must go through a standard connection approval process.

0 In Swedenelectricity utility suppliers have the right to reject grid connection for 11 kW or
smaller capacity plants.

0 The country with highst barriers isNorway, which is introducing access payments and
OKIFINBES&a NBfFGSR (2 (KS agadsSyQa Ozadasz 1

0 There are additional rules Denmarkdepending on the size and type of connection that may
pose obstacles. As such, grid connection for plants up to 11 kW can be rejected if they are not
three-phase. Neimetering for 50 kW and above plants is determined by Energinet.dk. Solar
energy installéions up to 50 kW require a private supply system, while larger installations can
be connected to a private supply system or located at the place of consumption.

o Higher risks exist iNorwayand theUK where no simplified procedure for grid connection or
renewables is available. The government is going to publish a Connections Action Plan in
summer 2023 for simplified grid connections in UK. This has not yet been completed.

1 Guarantees of origin for energy from renewable sourcesust be available for request from a
renewable energy producer. Its issue will certify the renewable production.

IXix
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o Small barriers exist iGGermany where electricity from projects subsidized by EEG is not
allowed to issue GOs. Therefore, it cannot be commercialized as renewable electricity.

o Inthe same way, renewable generatordri@land covered by a government support scheme
will not receive GOs, but their attributes will be transferred to the supplier with whom they
have a PPA. Suppliers without a PPA can purchase GOs from renewable generators without
receiving support.

1 Renewable energy communitiemust be available for household customers to participate in them.

0 Barriers regarding this topic include countries BedgiumFlandersNorwayor Irelandwhich
have not developed specific framework regarding the promotion and development of this
communities. As such, some potential business models would not be viable.

1 Mainstreaming renewable energy in the transport sectotust have a share of at least 14%* by 2030.
Each member state shall set an obligation to ensure this portion within the final energy consumption.

0 Barriers exists iAustriaor Germany as no dedicated legislation has been issued yet. On the
other hand, in countries where targets are set, sucltiraand, there are barriers as electric
vehicles are slowly entering the market and charging infrastructures are not sufficient.

o In addition, countries such a@elgiumFlandersinclude hybrids and biofuels in this scheme
even though they are not a clean alternative and no measures for aviation and shipping have
been established.

High Risk:

1 Renewables sel€onsumersmust be taken into account in legislation. They can impose non
discriminatory charges and fees on saiihsumers. Member States should create a specific
framework to support the development of renewables sahsumption, which can involve third
party owneaship or management of the installation.

o With a slightly lower risk, countries such/Asstriaor Ireland lack regulations regarding
this topic, which raises some uncertainty for the projects.

0 Norway has several economic barriers, such as solar panel costs 70%, which are higher
than in neighbouring countries such as Denmark or Sweden. Furthermore, no specific
frameworks promoting selfonsumption have been identified.

4.2.3. COMMON RULES FOR INTERNAL ELECTRICITY MARKET

Low Risk:

1 Active customers Member states shall ensure that all active customers that own an energy
storage facility have the right to connect to the grid.

0 Barriers arise ifrelandas there is currently no definition of Active Consumers.
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1 Integration of electromobility into the electricity network Member statesshall provide the
necessary regulatory framework to facilitate the connection of publicly accessible and private
recharging points to the distribution networks.

(*) the Renewable Energy Directive has been updated as October EQ2®23/2413The figures in this report might refer to the older
versionEU2018/2001 Specifically, the minimum renewable energy requirement for the transport sector has been increased to 29%.

o Countries such a&ustriahave some barriers regarding the legislation on this topic, as no
charging station legislation has been passed, which could have a negative impact on the
project if not promoted by the government.

1 Connection of new generating installations and energy storage faciliti#he transmission
system operator shall establish and publish transparent and efficient procedures for-a non
discriminatory connection of new generating installations and energy storage facilities to the
transmission system.

0 Barriers arise in thé&letherlands as the transmission or distribution system operators
must connect installations and clients upon request, except when transport capacity is
insufficient. Alternative options such as cable pooling can be considered.

Medium Risk:

1 Aggregation contract Member States must guarantee customers the freedom to buy and sell
electricity servicendependently from their supply contract and chosen electricity provider.

0 Countries such adorwayand Germanydo not have specific regulations on this matter.

9 Citizen energy communitiesMember States must establish supportive regulations for energy
communities and have the option to authorize them to manage local distribution networks.

0 There are barriers in most of the study countries includdeymany BelgiumFlanders
Denmark Sweden Norway, UKandlIreland, as no legislation have been identified.

1 Demand response through aggregatioStates must promote and enable the involvement of
demand response through aggregation, allowing the consumers offering demand response to
participate in electricity markets on equal terms with producers.

0 Barriers on this topic include lack of legislatiorsimeden Norway and Austria.

1 Closed distribution systemdviember states have the option to classify a distribution system that
serves norhousehold customers within a specific site, thus allowing for a separate regulatory
treatment.

o Barriers regarding lack of regulation are preserGarmany Austria, Belgium Flanders
Denmark Norway, UK and Ireland. These distribution systems can potentially provide
interesting business cases for NRAs for large scale projects supplying several customers.

o0 DSOs are not allowed to own and operate storage devicedniaden This creates a
barrier for traditional charging station owners, as they may face difficulties in obtaining
connection approvals compared to storage devices. However, the use of storage devices
could help charging station owners reduce costs.
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4.3. CONTRACTOR REPORT: IMPLEMENTATION GUIDELINES BASED ON CURRENT
REGULATION AND EXPECTED DEVELOPMENTS

This report aims to identify the National and EU regulations, potentially applicable to NRAs in the area of

REproduction. By setting out and summarising the work done to identify the applicable regulations, the

NELR2NI OFry FOG a I NBFSNBYOS NBaz2dzNOS G2 KSfLI dKS
A Based on the research undertakerithin ENROAD, what is the current relevant European and

national regulatory framework dictating what can be done in terms of decentralised renewable
energies in the target countries?

A What opportunities and challenges arise from the research and the country specific stakeholder
integration workshops?

4.3.1. BELGIUM-FLANDERS

As an EU Member State, Belgium has implemented EU energy legislation on electricity and natural gas.
Electricity and natural gas markets have been unbundled: a single grid operator is appointed for a
designated area. Within this area, the grid operatordsponsible for the operation, maintenance and
development of the grid. The grid operator has to grant {gistriminatory thirdparty access to
producers, suppliers and efffikers against regulated tariffs. The regulatory authority oversees market
functioning and compliance by market actdtsaw Reviews, 2032

.St 3AdzyQa blraGA2ylf 9ySNRHE FyR [/ ftAYIFIGS tfly asda |
the energy sector by 35% from 2005 levels, to reach 17.5% renewable in gross final energy consumption,
and significantly reduce energy demand. Belgiumrhade progress on the goals. Gieéd generation

was phased out in 2016 and Belgium is a global leader in offshore wind, with 2.23 GW in 2020 and plans

for 5.7 GW or more by 2030EA, 2022)

Belgium remains reliant on fossil fuels and is facing energy security challenges. Nuclear energy covers over

half ofthe electricity demand, while the federal government plans to phase out most nuclear generation

08 HAHpPp® ! fY2ald KIfF &ffom The Neherdmdswith okt delivergd tgaugha O2 Y S
a dedicated network connected to the Groningen gas field, which was due to cease production in mid

2022. Belgium is working to address energy security issues and has one of the most interconnected
electricity grids in EuropdEA, 2022)

National and Regional Climate and Energy plans

European legislation is integrated in federal (Belgian) legislation and by the Flemish Government in
Flemish legislation. The most relevant laws in Flanders legislation are the Climate Act and Energy Act in
addition to the Flemish energy and climate plémélogue to the NECPS).

Climate Act:The Belgium federal government has together with the districts of Flanders, Walloon and
Brussels agreed thgelgian Integrated National Energy and Climate Péa b 9 Yhe 2landaptures the
Energy and Climate policy of the European Union which includes security of sugquppetitiveness and
sustainabilityOn that basis, the Flemish government has on 19 December 2019 agrEkntsh Climate
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strategy 20500 ¢ + f I YAaS YfAYIFFG&aGNI GSIAS nwnpnéd 6KAOK
Commission as part of the Belgian Climate Strategy 2050. Additional to the Belgian NECP there is a Flemi
specific energy and climate plan (Vlaams Energie en Klinaatp0212030

Electricity Act:In Flanders, both the region and the federal government are responsible for the electricity
and natural gas markets. The federal government sets regulation for transmission, high voltage grid and
non-renewable energy production. Federal energy law is cagutuin the Electricity Act 1999 & 2 S (i
9t S1 G NX Obirécich (cémmon|-ryleR internal electricity marked a wA OKGf A2y dc K ¢
december 1996 betreffende gemeenschappelijke regels voor de interne markt voor elektriciteit (agt. 20

Energy decreeDecree of 8 May 2009 ("het Energiedecreet”) laying down general provisions on energy
policy (Energy Decree), which sets out the basis of the energy policy in Flanders and has been update
several times to include new obligatioresg.,thosearising from the Renewable energy directive REDII

Other applicable regulation

TheVREQ@VIaamse Regulator van de Elektricitega Gasmarkt) is the Flemish regulator supervised by
the Flemish Parliament that regulates electricity and gas markets in the Flemish Region and is responsibl
for the greenenergy regulation. The energy law and regulations in Flanders are laid downEméngy
Decree and Energy Decisiond 9 Y SNHA SRSONB S (¢ | yté&chnic@ yil&NE ¢ SO Ky X &:
wS3tSYSyiSyeoo

Acts on environment and spatial plannin@ifferent laws cover rules and regulations for spatial planning,
environmental impact and permitting for sustainable developmeRtemish Environmental Regulation
(VLAREM) an8patial Planning AgtDecreet tot aanpassing en aanvulling van het ruimtelijke plannings
vergunningenen handhavingsbeleid).

Overview of regulatory bodies

Belgium is a federal state, where the decisinaking power is shared betweenfaederal government,

three Regions (Wallonia, Flanders and the Brussels Capital Region) and three Communities (the Flemis
the French and the Germapeaking Community)A federal regulator, CREG, oversees the transmission
of highvoltage electricity and the import and export of electricity. Three regional regulators oversee
suppliers and generators at a regional level (Table 16):

Table16.- Regulators and operators at federal and regional levels

Region Regulator Operator
Federal CREG Elia
Flanders VREG Fluvius
Wallonia CwaPE ORES / RESA
Brussels BRUGEL Sibelga

The Flemish Energy and Climate Agency (VEKA) is an internal autonomous agency with goals:

Ixxiii
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)

Ensures policy implementation and support for energy and climate policy in Flanders.

To

Encourages theational use of energy and environmentally friendly energy production.

)

Provides advice and attestations on the rational use of energy and renewable energy sources in
the context of tax deductions and other subsidies for companies.

A Ensures and evaluates the action plans on rational use of energy and use of renewable energy
sources of the energy sector and other target groups.

A Represents the Flemish Government in Enover, the consultation forum between the regions and
the federal level in which energy matters are discussed.

A Deals with the dossiers on the Energy Performance Regulations (EPB) and Energy Performance
Certificates (EPC).

Definition of relevant figures and structures

As regards the relevant figures and structures to be defined, the respective legislation has been identified
as follows:

1 Selfconsumption Self consumption is allowed in Belgium and has been in place for several years
dzy RSNJ G KS yIFYS 2F dat NRadzYSNJI 2NJ | OGA @S @dfy adzy SN& ¢
consumptionand injection to the grid with the installation of a reversible meter that posibilizes the
concept ofnet-meteringp wSOSyGfesx | &2 NOFF£ SRS LINF adkF&8NIOSR
StAYAYF(GS 'y Ay2dzZaidAO0S Ay GKS OKIFINHAYy3I 2F (KS 02
The simple scheme is limitedto 10BW 6 A 33 SNJ Ayvadl tft FrdA2ya NS O2yai
need to go through a network study and a permitting process explained later in this report. No
supplylicenseis needed for "behindhe-meter supply" or supply through a direct line, for Flanders,
a notification to the VREG suffices, except where the line crosses the limits of its own property, in
which case amauthorizationfrom the VREG is required.

1 Demand Aggregatordn Flanders, the concept of aggregation is included under the simplified figure
2 Tenedgy sharing G KA & LJ2 & Amdelefing of EohstriptiohsKirSdiffgfehiisupply points
for the generation of a single installation and the energy can be either shared for free or sold at a
Ydzidzl £ £ @ | ANBSR LINAM@S togmeRuBddg bK D 2NFKEY S8 >2 F2&I (KS
electricity, a regional supplicenseis required for the supply of electricity via the public grid to end
consumers at a distribution level. According to VREG, from July 2022 everyonecitizens to
local authorities and companiegan become a green electricity supplier. Buyers of sadés only
need to notify Fluvius. Fluvius then takes over the practical arrangements and ensures that the
information is passed on to the suppliers so that the aleity bill is adjusted automatically. The
types of energy sharing are: (i) energy sharing in a communal building, (i) energy community, (iii)
energy sharing with yourself, (iv) petr-peer sales.

91 Closed distribution networks & renewable energy communitiesrom 2023, energy sharing will
be extended to create energy communities (differences exist between a citizens' ewengyunity
or a renewable energy community) and thus comply with the requirementshefBuropean
regulation.
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1 Anyone who joins an energy community can then invest in a renewable energy installation, a battery
system, shared charging stations for EVs, etc. The cost of the investment and the resulting benefits
are then shared among the members of the energy comnyumitare spent on other ecological or
social projects. To keep the new activities manageable and feasible, a phased approach is foreseer
A community can also act adlexibility service provideor a participant in flexibility or aggregation.

The regulations regarding flexibility on the distribution network are still being developed. In the
initial phase, a number of conditions and restrictions will apply which will gradually disappear so
that from 2024 onwards, these activities will be possible almost without limit according to VREG.
The Flemish Energy and Climate Agency (VEKA), VREG and Fluvius are preparing the technit
regulations and practical matters so that mutual energy exchanges carptake correctly and
automatically.The protocols are still under constructiomurrent information can be found under

the dedicatedVREG website

1 Charging infrastructurdn Flanders, investments are being made to develop a network of charging
points for electric vehicles. The operators, in this case Fluvius, have been given a legal obligatior
0 apenbaredienstverplichtingen aan de elektriciteidistributienetbeheerders ter stimulering
Gy RS AYTFNI aidNHzO G dzdzNJ tadrstaliNdcedtdirunibbidofciiafgisy pargsS NJi
Additionally, as discussed before, in 2023 the installation of charging points by third parties will be
possible as pawof the EnergyCommunities figure.

1 Power Purchase Agreements (PPAsBilateral offexchange transactions. These transactions take
place between known partners, such as a producer selling to a supplier. They form a substantial part
of the whole market and Lorgrm Power Purchase Agreements (PPAs) are often used. Sibgge 20
various corporate PPAs (CPPAs) have been signed between generators-takersfin Belgium,
which still imposes requirements for Balance Responsible Parties and suppliers.

The detailed definitions according to the Energy decree can be found in the following links:

Active customerArticle 4.4.2 Energy Decree

Energy community of citizenArticle 4.8.1 Energy Decredirticle 4.8.4 Energy Decree
Renewable energy communitirticle 4.8.2 Energy Decredurticle 4.8.4 Energy Decree
Energy partsArticle 7.2.1 Energy Decree

Personto-person sales (pedo-peer trade of green energyArticle 7.2.2, 82 Energy Decree

=A 4 4 A A

Support schemes

Electricity generation from renewable energy in Belgium and specifically the Flemish Region is promoted
primarily through green certificate programmes, as well as other support mechanisms in place to foster
the addition of renewable energy capacity, theimapplicable mechanisms are:

A Tradeable Greercertificates to fulfil the & dzLJLJmarlaidiyQuotas, these are issued by the
regulator and can provide an income source additional to the energy sale prices. Prices for
certificates have been adjusted numerous times to reduce the level of subsidies, in line with falling
technology and deplyment costs and so that certificate prices vary in line with electricity market
prices.For medium to largesized P¥nstallations and wind turbines, this system is planned to be
modified to a tendering system supporting renewable energy installations.
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https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcodex.vlaanderen.be%2FZoeken%2FDocument.aspx%3FDID%3D1018092%26param%3Dinhoud%26AID%3D1291906&data=04%7C01%7Cveronique.vens%40vlaanderen.be%7C3a8ac5f00c7949763f9408d9da5f1f65%7C0c0338a695614ee8b8d64e89cbd520a0%7C0%7C0%7C637780924348764154%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=ZXj94x2qJq1puvZZz%2Bvw5pPXCc9XCXu4XikHJPpJJE8%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcodex.vlaanderen.be%2FZoeken%2FDocument.aspx%3FDID%3D1018092%26param%3Dinhoud%26AID%3D1291904&data=04%7C01%7Cveronique.vens%40vlaanderen.be%7C3a8ac5f00c7949763f9408d9da5f1f65%7C0c0338a695614ee8b8d64e89cbd520a0%7C0%7C0%7C637780924348764154%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=MXh14WKq89EIZV04F4zTlTV3AXaJ5Nn9gnOgDJRc1SU%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcodex.vlaanderen.be%2FZoeken%2FDocument.aspx%3FDID%3D1018092%26param%3Dinhoud%26AID%3D1291906&data=04%7C01%7Cveronique.vens%40vlaanderen.be%7C3a8ac5f00c7949763f9408d9da5f1f65%7C0c0338a695614ee8b8d64e89cbd520a0%7C0%7C0%7C637780924348764154%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=ZXj94x2qJq1puvZZz%2Bvw5pPXCc9XCXu4XikHJPpJJE8%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcodex.vlaanderen.be%2FZoeken%2FDocument.aspx%3FDID%3D1018092%26param%3Dinhoud%26AID%3D1111526&data=04%7C01%7Cveronique.vens%40vlaanderen.be%7C3a8ac5f00c7949763f9408d9da5f1f65%7C0c0338a695614ee8b8d64e89cbd520a0%7C0%7C0%7C637780924348764154%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=ZmuKuMXSZ1UcPKszcW83nRTNWGLxMYSTHYpLqM6RQRY%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcodex.vlaanderen.be%2FZoeken%2FDocument.aspx%3FDID%3D1018092%26param%3Dinhoud%26AID%3D1111527&data=04%7C01%7Cveronique.vens%40vlaanderen.be%7C3a8ac5f00c7949763f9408d9da5f1f65%7C0c0338a695614ee8b8d64e89cbd520a0%7C0%7C0%7C637780924348764154%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=eyGyoFpHWlC4gNx%2Blu3AVxdS5BIpqVj0mSfn6U47v8o%3D&reserved=0
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A Encouragement of smalland mediumsized PV installations and wind turbingirough calls for
investment aid and grants, these calls include floating PV installations, PV installations on marginal
land and small and mediwsized wind turbines as well as other PV installatidmsapplication can
be submitted by public and private companies in Flanders looking for funding for mesizech
solar energy installations and small and medisized wind turbines. The latest call (3rd) with a
0dzZRASH 2 F 3PTopNoremBer202R,das/ertheless it is expected for more of these calls
to follow.

Permitting, conditions and requirements

Forself-consumption in plants smaller than 10kW there is only an obligation to register the installation
with Fluvius, this size limitation is considered too small for the potential applications within the ENROAD
project. For installations larger than 10kW, a Grid connectiody is necessary and needs to be requested
with Fluvius. For large installations, Environmental permits are required for solar and wind installations.
Since 2017, environmental and land use/building permits have been merged intmtegrated
environmental permit (omgevingsvergunning). Individual permits for projects greater than 25 MW
capacity are required from the Federal Minister for Energy.

1 Applications should be addressed to the FOD Economie, which submits the file to CREG for advice.
1 The Federal Minister for Energy makes the final decision.

Forenergy sharingthe project needs to be registered with Fluvius and these conditions must be met:

1 All relevant offtake points must have a digitaieter.

1 Anyone who wants to share must request 'metering regime 3' from their electricity supplier so that
the digital meter can read quartehour values.

1 The energy sharer must register via the Fluvius online customer portal, where the system and the
steps to be taken are also explained.

1 For the time being, the parties involved must have the same electricity supplieexpected that
from 2023 this will no longer be necessary.

For Energy Communitiesyhich will be possible as of 2023, the protocols and checklists are still under
construction current information can be found under the dedicatéBEG websitd hecommunitiesmust

be registered legal entitiesuch as a compang.g.,cooperative company, private company, etc.) or an
association (e.g. neprofit organization).

Currently it has already been defined who can take part and who can control energy communities.
According to VREG and following the EU directives, a citizens' energy community or a renewable energy
community are very similar but the main differences argvhio can participate in and have control over

the community and in the existence or not of geographical or technical proximity requirements. For the
aims of the ENROAD project, have been identified to be more viable for the NRA as they allow entities
suchas the NRA to participate and do not require a geographical nor technical boundary.
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Other Conditions

Additional conditions can apply depending on the municipality, as in the case of Antwerp. Relevant
documents would be theoningplanwhich refers to the spatial implications and elevations of buildings.

Identified Key Opportunities

Under the current and foreseeable regulation, several opportunities were identified and discussed in the
stakeholder workshops held in October 2022. The concepts of Energy sharing and Energy communitie
were discussed and some specific examples were pegp@sigure @).

Energy sharing and Energy communities present several opportunities for linear infrastructures with
decentralized consumptions and potential injection points such as those operated by the Flemish NRA:

A The volumes of energy generated by independent and decentralized installations such as PV on
noise barriers osmallscalewind turbines can be aggregated under the Energy sharing figure and
associated with the consumption of the NRA in other locations in Flanders such as offulgss bri
and locks and do not need to be connected directly. While there are current limitations to the
energy volumes that can be shared under this mechanism to be agreed with Fluvius, these are
expected to be loosened in the faseeable future. The upcoming Energy communities will allow
the NRA to extend the pool of potential offtakers for the decentrally generated energy to include
charging stations or other consumption installations owned by third parties such as resting station
provided a legal entity is formed to constitute the Energy community.

My innovation opportunity is.

Grid balancing
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Figure40.- Sample innovation worksheet from workshop held in October 2022
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A In addition to the generic applications of the possibilities presented by Energy sharing and Energy
communities described above, some applications specific to the Flemish case were discussed. These
are related to the fact that the Flemish NRA also ownsa@etates waterways, locks and bridges,
some of which are located in remote locations and operate for a couple of minutes at a time and
accumulate only a few operating hours in total per year.

A The possibility of installing battery storage systems next to someeasetbonsumers to make a
better use of their grid connectionyhichis not utilized during most hours of the year, by storing
the energy generated by the decentral installations and injecting it back to the grid in periods of un
matched energy consumption by the NRA.

A Thesebatteriescould also be charged by using the positive water level differences in the locks when
moving from a higher to a lower level as well as when managing water levels due to precipitation
for which there are reliable forecasts. While the technology neededhfmdment theseconcepts
has been readily available for several year, without the extended offtake opportunities, and
potentially also grid balancing opportunities, presented by the energy sharing and energy
communities these were not economically viable.

A Lastly, for remote critical applications currently using back up diesel generators, battery storage
systems powered by oenand off-site renewables can be deployed more viably through the
opportunities presented by the described schemes.

Identified Key Challenges

In order to implement the opportunities described above, some current challenges have been identified
that need to be overcome, mainly:

A The size limit foseltconsumptionrenewable installations without the need of network studies is
considered too low (10kW). By way of comparison, other EU countries have limits of up to 500kW.

A Forseltconsumptionand energy sharing, some costs such as the grid fees, taxes and the so called
G LINR & dzY SNJ ( | NXA T FelcorisiidBdshiaredLdhekg Rhisimakesittie usiness cases
less attractive.

A Environmental permits are required for solar and wind large installations. Additionally, individual
permits for projects greater than 25 MW capacity are required from the Federal Minister for Energy.
The permitting process has historically been the bottiekfor utility scale installations in Belgium.

A While not officially published, there are limits to the volumes of energy allowed under the energy
sharing schemes to be agreed with Fluvius, these are expected to be partially lifted with the
introduction of the Energy communities in 2023 but the detaiks still unknown.

A While expected to be open for all participants, for the consolidation of energy communities a legal
entity needs to be formed and internal legal/organizational barriers may prevent the Flemish NRA
from doing so. This needs to be investigated at legal leithin the organisation.
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Key Recommendations

The recommendations derived from this analysis are in line with the challenges identified for the further
implementation of renewable energy projects, which are summarised below:

A Increase the size limit for sedbnsumption RE installations without the need of network studies.

A Freeing the shared energy from taxes and levies and theceaumed energy on site and with
RANBOG O2yySOGAz2zya FTNRY (GKS ySiGtg2N)] OKINEBSA

A To mainstream, standardize and facilitate the environmental and zoning/special permitting process
for large installations, Environmental permits are required for solar and wind installations.

A To lift or define generous limits to the volumes of energy allowed under the energy sharing schemes
and energy communities.

A Conducting a legal review at organization level to evaluate potential issues preventing the Flemish
NRAto form or take part on legal entities necessary for the consolidation of Energy communities.

4.3.2. UNITED KINGDOM

As of 31 January 2020, the UK left the EU, and therefore will not contribute to EU targets or be bound by
the Effort Share Regulation after the Transition Period ends. However, UK has its own objbettives.
'YQa . NRGAAK 9y SNHe&e {SOdaNRARiGe {GNXiS3e FyR GKS
have high ambitions and works hard to reduce the GHG emissions along every sector with a global targe
of reducing UK GHG emissions around 68%30, compared to 1990 and net zero by 2050.

Additionally, Climate change policy is devolved to Wales, Scotland and Northern Ireland, although the UK
I32OSNYYSyYyid NBiOFAya O2yGNRBEf 20SNJ YIye Ll2fAO& I NF
The Environment (Wales) Act 201651 requieésish Ministers to reduce emissions in Wales by at least
80% in 2050Wales has targets to produce 70% of the electricity used from renewable sources by 2030,
and of 1GW of locally owned renewable energy capacity by 0302 G f Yy RQ& Of Aidvhl G S
requires Scottish Ministers to reduce emissions in Scotland tezewet by 2045, with interim targets of

56% reduction (from a 1990 baseline) by 2020, 75% reduction by 2030, 90% reduction by 2045 and annue
targets for each other year to netero.

National Regulatory framework

Energy policy in the UK is the responsibility of the Department for Energy Security and Net Zero (DESNZ
Although there are numerous regulators for specific parts of the energy sector, much of the energy market
is regulated by Ofgem (Figur&)4Historically, parts of energy generation, transportation and supply were
run by the public sector. Most of the market is npvivatized generation and supply are competitive, and
transportation through networks is regulated as the operators are monopolies.

The Government and Ofgem continue to regulate the market for customers, and deliver policy to meet
D2OSNYYSyliQa FAYa 2y SYSNHe&® ¢KS SeisedAréundibitee A O
objectives: security, affordability ardkecarbonizatio &2 YSGAYS&a NBFSNNBR (2 |
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Electricity Act 1989 and Energy Act 2013 provide a complete framework for development of renewable
energy technologies in UK, with a range of measures to support the sector and incentivize investment.

Additionally, Electricity Market Reform (EMR) is intended to provide a stable and predictable framework
for investment in low carbon energy sources, while also ensuring that there is sufficient capacity to meet
electricity demand. By providing financiaténtives and support for renewable energy projedise EMR

made two significant changes to how the electricity market works, the capacity market and the Contracts
for Difference scheme.

The Review of Electricity Market Arrangements (REMA) consultation, conducted between July and
October 2022 analyzedvarious aspects of the UK energy market, aiming to balance the need for low
carbon electricity production with the need for reliable and affordable energy for consumers. A second
consultation is planned for 2023 to deepen outstanding issues.
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Figure41.- Overview of main market players. Source: Arup.

National and Regional Climate and Energy plans

British energy security strategyalthough the UK has now left the EU, the government remains committed
G2 o0daAf RAYy3 2y (KS codplorisesefating ta renewadleziand EnérgyiekiGency.Y Q &
(Secretary of State for Business, Energy, and Industrial Strategy, April 2022)

In December 2020, the UK Government launcheBiitsrgy White Paped dzA f RAy 3 2y (GKS t NRAYS
Ten Point Plan for a Green Industrial Revolution by outlining plans for transformation of transport, energy

and infrastructure in order to delivery significant decarbonization of power in the 2030s armkreby

2050. Tle publication provides a lot of detail for stakeholders in terms of how energy and electricity will

be transformed in the UK over the next 30 years.

CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report



CEDR Transnational Research Prognaen

TheRoadtoZero{ Siia 2dzi GKS ! YQa &GN G§S3Ie T2NI &miSsioy SNJ
transport by 2030 and the development of required charging infrastructure and manufacturing capability.

The EnergyDigitalization Strategy, developed by government, Ofgem and Innovate UK in coordination
with the energy sectosets out a vision and suite of policiesdigitalizethe energy systenDigitalization

will enable millions of low carbon assets, including solar PV, electric vehicles and heat pumps, to be
optimizedacross our energy system.

Overview of regulatory bodies

1 Transmission Gridmanaged by the Transmission Network Operator (TNO), it comprises all the
transmission lines and substations by means of which energy is distributed across the country.
Transmission voltage is 275kV or 400kV. In Scotland, 132kV is also used. The tansmissis
for the different regions are: National Grid Electricity Transmission (NGET) for England and Wales
Scottish Hydro Electric Transmission Plc for northern Scotland, and SP Transmission Plc for southet
Scotland. The System Operator in England,e$/aind Scotland is the National Grid Electricity
System Operator (NGESO).

9 Distribution Grid managed by energy Distribution Network Operators (DNOSs), there are six DNOs
in GB and are responsible for the regional/local distribution of electricity (Electricity North West,
Northern Powergrid, Scottish and Southern Energy, SP Energy Networks, elkNebmworks and
Western PoweDistribution). Distribution voltage is 132kV in lower in England and Wales, and less
than 132kV in Scotland.

1 Suppliers/Retailers (liberalized)icensed companies that supply electricity to retail customers, may
have own generation or acquire in the wholesale markets.

1 Market operator: the wholesale market is operated by Elexon, who administer the Balancing
Settlement Code (BSC) in Great Britain.

1 Regulatorybody: Ofgem (Office of Gas and Electricity Markets), the government regulator for the
electricity and downstream natural gas markets in Great Britain.

Definition of relevant figures and structures

Asfor the relevant figures and structures to be defined, the respective legislation has been ideasfied
follows:

1 Selfconsumption Self consumption is allowed in UK and has been in place for several years, this
allows entities with their own generator source $elfconsumeand inject to the grid. The self
consumption installation has an electricity supply contract either through a supplier or aggregator.
The simple scheme is limited to 11.04kW if connected to 400V and 3.68kW if connected at 230V.
Bigger installationsare god A RSNBR af I NBES AyadlttlriAzyaé | yF
a permitting process.

1 Demand AggregatorsAggregation contracts are currently possible in the UK and commonly used

by consumers with supply points spread. Demand aggregator can deliver Demand response service
by either reducing their demand or taking advantage of onsite generation.

[xxxi
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1 Renewable energy communitiegccording to Community Energy England, by 2020 there were 424
community energyrganizationsacross UK, with 319 MW installed capacity. The Government has
policies to support energy, including at local level. These include the Smart Export Guarantee, the
Renewable Heat Incentive, and the Local Energy Programme.

1 Closed distribution networksA distribution exemption holder may apply to Ofgem for classification
as a Closed Distribution System (CDS). Ofgem must agree to classify the distribution exemption
holder if it considers that it meets the criteria laid down in regulations. Broadly, theteria
include:the distribution system is not used for the purpose of supplying electricity/gas to household
customers (or supplies fewer than 50 employees of the exemption holder supplied from embedded
generation);the digribution system is used for distributing electricity/gas within a geographically
selfcontained industrial, commercial or shared services site and is not integrated into the national
transmission or distribution networkthe distribution system is wholly or mainly used to supply
integrated system users or the distribution exemption holder.

1 Charging infrastructureThe market for EVs is immature yet growing. Tiest data for Q3,
2022shows that 14% of new car registrations in the UK were ba@fwith a further 5% being
plugin hybrid electric vehicles. The Government has a variety of schemes to support the provision
of charging infrastructure, including mmmes and workplaceS'heEV infrastructure strategwas
published in March 2022 setting out the vision to charging infrastructure as both a perceived and
real barrier to the adoption of electric vehicles. The provision of charging infrastructure was also
included inamendments to the Building Regulations 2010 in June 2022

1 Power Purchase Agreements (PPABhey form a substantial part of the whole market dodg
term PPAs are often used. The UK has a relatively healthy-temortPPA market or renewables
which a number of policies have facilitated. Similarly, the Contracts for Difference scheme, based
on wholesale market price, results in PPAs being signawihl provide revenues corresponding
to market reference price for the CfD.

Support schemes

There are several government policies and initiatives that encourage the adoption of renewable energy
and selfconsumption in the UK, such as:

1 Smart Export Guarantee (SE@ancial incentive to support distributed and srmsdiale renewable
energy generation, up to a 5 MW capacity. The SEG scheme for generators opened on 1st January
2020. The SEG scheme replaces the Hedariff (FIT) scheme that closed on the 31st Ma@192
but works differently to FITs. The SEG scheme obliges electricity suppliers to offer an export tariff
rate to an eligible generating unit.

The main financial benefit from a generation project under the SEG scheme is the export tariff,
which is a guaranteed price for each unit of electricity exported to the grid. It is an obligation for
licensed energy suppliers to offer eligible generatiogj@cts an export tariff rate. The electricity
suppliers decide the SEG export tariff detads, the rate and the length of the contract. However,
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although wholesale electricity prices can fall below zero due to changes in demand, electricity
suppliers must always offer a tariff which is greater than zero.

1 Contracts for difference (CFDhis is the main financial incentive mechanism for larger schemes of
low carbon generation, installed capacity of at least IMW. It has replaced the Renewables
Obligation (RO), which closed to new applications in March 2017. The application processor a CF
is much more complex than for the SEG scheme.

A Contract for Difference is a bilateral contract between a generator and the Low Carbon Contracts
Company (LCCC, the CFD counterparty), which is government owned. A generator with a CFD is pa
0KS RAFTTFSNBYOS 0Si06SSy ( KSNIMGIiENHBERRNLINThSeike |y
price is an agreed price for electricity reflecting the cost of investing in low carbon generation. The

reference price is a measure of the GB market price for electricity.

CFDs require generators to sell electricity into the market as usual. But to reduce their exposure to
YIN]SG LINAOSaz GKS /C5 LINPGARSAE + OFNARIoOofS «a
the reference (market) price, the generator receivesagmpent. At times when the market price
exceeds the strike price, the generator is required to pay back the difference, thus protecting
consumers from ovepayment.

Permitting, conditions and requirements

Forself-consumption for capacities lower than 30MW, itiscommended to connect via a distribution
network, as it may be more economical and efficient. All DNOs provide information on the feasibility of
O2yySOiUtA2Y YR aa20AFGSR 02aid>x adzOK & OF LI OA L
2NNRR AyQ aSaaizyad C2NJ OF LI OAGASa 2@08SNJona23 b
created to help with the connection research. It shows the potential locations that could meet the needs
and an estimated cost of the connection. As ofiA2023, new connection applications are submitted via

the Electricity System Operator portal. This replaces the previous connection application form process.

In the future, there is likely to ba new requirement for Electricity Storage devicegperating in import
mode to switch to export mode if the grid frequency falls below a defined thresigthils are being
considered by an industry working group (Energy Networks Association) and are not yet mandatory.

Other Conditions

Additional conditions can apply depending on each region within UK.

Identified Key Opportunities

Under the current and foreseeable regulation, several opportunities have been identified and discussed
in the stakeholder workshops held in April 2023. The concepts of Energy sharing and integration of storage
technologiesvere discussed and some specific examples were proposed (Fjure 4

Some trends and factors that will drive the development of solars@isumption inUK

9 Costreduction: costs of RETs and ESSs have decreased significantly in recent years and it is expec
to keep dropping,which will make distributed energy generation more accessible and- cost
effective. Recently, supply change constrains have stopped the price drop.
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1 Regulatory changes: although the regulation has evolved positively, there are still some changes
required,especialljthose related to procedures and grid connection. A second REMA consultation
is planned for 2023. Government plans to deepen consultation related to electricity market reform
across several market dimensions.

1 Environmental awareness: consumers are concerned about the environmental impact of their
actions and are looking for ways to reduce their carbon footprint. SolarceaBumption is an
effective way to reduce carbon emissions and contribute to the fighiresg climate change.

1 BESS integration or flexible technologies: the entry of storage systems, mainly batteries, will take
place in the next few years and allow a more efficient management of surpluses, displacement of
consumption peaks and a greater penetration of renewables.

1 Surplus management: new products to compensate the surplus are available in the market as the
virtual batteries, and others, as the PPAs, onsite and offsite are becoming available for all scales.

1 Technological advances: technology behind renewables and energy storage systems is constantly
evolving, that will lead to better prices and to improve the grid stability. In UK, Ofgem provides
funding mechanisms for electricity and gas distribution andgraission companies through the
Network Innovation Allowance (small scale projects) and Network Innovation Competition {larger
scaleinnovation projects.
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Who are the potential customers / who pays for the service?

it o Drlvers/

Sankcs =
operato B N
= szarmers 8DNOs

Quiusng

Feasibility

Microgrids

first research 1irst proot-of-CoNnCupm— fully mature
€§3 nifial investigations orototyped) (successfully Implemantad

Long-
HGY duration Crarger
chargers SloeAe “tvfem
Viability
How would you assess the business potential? (lov, med, high)
m low medium high
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Figure42.- Sample innovation worksheet from workshop held in April 2023. Source: Arup.
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1

Decentralised energy: setbnsumption allowconsumers to generate their own energy and reduce
their dependence on electricity companies. As a more decentralised electricity grid develops, solar
selfconsumption could become a more important part of the UK energy system.

Integration of electrical vehicles: EV charger are becoming more present with a high requirement
of energy; ENA Low Carbon Technology Working Group has been looking at a way to simplify the
V2G connection application, including considering a single prdcassombines the aspects of EV

as demand and generation.

G/ Fff F2N) AyLdziaéd | yR O2 yigceatlyfalndhe®iy severBINGi¥s h 7
around energy market and distributed energy being od special relev@atiéor Input: The Future
of Distributed FlexibilityConsultationFuture of local energy institutions and governance

Identified Key Challenges

T

Administrative and bureaucratic barriers: Although some administrative bamwers removed,
there are still formalities and procedures that hinder the installation ofseftfsumption systems.
This complexity can discourage consumers and delay the development of solapaslimption.

Access to the grid: Grid connectivity in ti&results in long delays for renewable energy projects.
Investment in grid infrastructure is critical to address these challenges and improve throughput
capacity for integratingREprojects. However, the swift progress of solar energy technology has not
kept pace with requisite infrastructure construction, which requires significant investments and
multiple permit approvals to install kilometres of transmission circuits.

Complex stakeholders: the administrative procedures and project requirements involve a wide
network of stakeholders. Moreover, if Energy Communities or other alternatives are considered, it
significantly increases the number of stakeholders involved wive @ be aligned.

Renewable energy communities and smhsumers are possible under regulation, however, their
support from the government is limited and the strategy for this segment is unclear.

Low level of reward via the SEG.

In the future, there is likely to be a new requirement for the Electricity Storage devices operating in
import mode to switch to export mode if the grid frequency falls below a defined threshold. The
details of these requirements are not yet mandatory.

Key Recommendations

The recommendations derived from this analysis are in line with the challenges identified for the further
implementation of renewable energy projects, which are summarised below:

A

A

Establishing likely hurdles amdlated costs related to planning permission and grid connection,
which as highlighted, are common barriers to developing renewable projects.

To explore the level of savings and revenues a project could generate through the various routes
to-market available to understand the strength of the business case.

Engage with key stakeholders early on project development and maintain regular communication
throughout to ensure project success.

IXxXxv
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A Increase the size limit fareltconsumptionREinstallations with simplified connection procedures.
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5.BUSINESS MODEL & ENVIRONMENTAL APPROACH

In the consideration that the general business model supports the decisions for the provisiiainh
costcompetitive price, in WP4 a preliminary estimation of revenue streams, costs, savings, and margins
are estimated for the selected RE technologies along the road network, this helping to reach higher energy
efficiencies and decarbonization goatlsKk S Y2 RSt adl Nl a gA0K GKS bw! Q;
locations and the RE production for s@i2 y A dzY LJGA 2y ® | £ G SNY I (A @Sthed = ¢
consideration of new activities like offering and selling all or a part of the energy.

While therenewable energyproduction depends on several variables and contextual factorgje¢hision

making analysis is based on economic criteria from the BM including the cost of installation, cost of
maintenance and the life cycle cost, both individually and as a whole. Undoubtedly, the selection of the
technologies and their CAPEX dieectly connected to the operations and maintenance costs (and other
OPEX), and if they are underestimated, this eventually results in negative margins. In brief, the operation
of the BM in theGIS is a multistage process based on alternative scenarios that start with the NRA
identification and energy necessities and uses, followed by the collection of energy market prices; the
selection of feasible locations in terms of electricity productionl atorage by technology; CAPEX and
OPEX estimation; the revenues and saving estimation; and the economic performance and financial
assessment.

Business Models based on Renewables Energies

The business model is considered an essential tool that favours the energy transition to the renewable
energies and their policies. There are different examples of applications, including the case of photovoltaic
technologies, the implications of electrehicles, the design of projects and applied studies in different
countries, the optimisation of the design of the renewable energy system, the estimation of the costs of
production, their effect on the reduction of greenhouse effect gases (GHG), and¢hefisoftware of
support. Some authors highlight the generation and consumption of energy in the transition to green
energies. On the one hand, the generation must evolve from the traditional sources to the green energies
and on the other, the consumersig become producers. This means that now production is also located
on the venue of consumption. Based on this distinction, they propose two generic business models in the
value chain of the energy generation and consumption, a model of renewable enesess from the
perspective of the client and a model of renewable energy business from the perspective of the producer.

Business Models based on the Energy Demand Response

The benefits of the demand response (DR) in the electric sector consists of balancing the fluctuations in
the renewable generation and, in consequence, to facilitate a higher use of the renewable resources in
the electrical system, as well as increasing dtonomic efficiency by the application of the fee in real
time and the reduction of the requirements of generation capacity. It promotes the interaction and
response capacity of the customers and determines the impacts at the short term in the elgctricit
markets, what in turn generates economic benefits both for the customers and the public service
company. In addition, improving the reliability of the energy system and, at the long term, reducing the
peak demand, results in decreasing the general imaests of the plant and capital costs, and postponing

the need for actualisations of the network. In the literature there are references to three possible ways in
which residential customers in DR may change their use of energy:

Ixxxvii
CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report



/ C E\D R
, Conférence Européenne
Page 88 /157 \ des Directeurs des Routes
Conference of European
Directors of Roads

1 Reducing their energy consumption by strategies of load reduction.
1 Moving the consumption of energy to a different time interval.
1 Using the energy on hold in the generation site, limiting its dependence on the main network.

The proposal of DR has gained attention since then with applications to the heating systems, helping to
reschedule the time of switching on and off, or modifying their configuration. However, it has limitations
due to it is based on the flexibility of tltlemands as general requirement when this is difficult to achieve

in circumstances of neautomated consumption; that is to say, that part of the consumption may be
adjusted, but to a point from which elevated rewards are needed or a substantial redudétiba fee to

the consumer, what for example would remove part of frefitability inmarkets such as the residential.

In this market, as the project AlpEnergy emphasised, in case it is assumed that the final users must react
manually to the rate signals, the load change or the energy savings, then it is first needed that the user is
at home and second, there is the will to consciously consider the options of response to the demand, what
in both cases demands time.

The maximisation of the potential of direct consumption of energy generated by renewable sources
requires to reconsider how to store energy without damaging profitability. The benefits of this option
would be immediate, by rescheduling the productions @hhenergy consumption in the industry. In
terms of the business model, the value proposition is based on the bulk supply of energy produced in an
efficient and sustainable manner, with the effect of reducing unused energy.

Software for the simulation of costing of renewable energy

There exist different RE simulation and analysis tools with a variety of features: technology databases;
weather databases; energy modellitapls; cost analysis (LCOE, LCC, target costing, etc.); sensitivity and
Risk Analysis; environmental issues; planning, budgeting and control cycles; or customized reports. In
Deliverable 4.5ome of thesdools are presentedRETScreen, HOME, Hybrid2, Insel, Pylon, Helioscope,
windPRO, etc.

5.1. GENERAL BUSINESS MODEL DESCRIPTION

Most contemporary approaches in business strategy refer four essential dimensions. On the one hand,
there is quality, time and also efficiency. Innovation is subordinated to the first three. While quality and
time are important, to improve these aspectstiniut the respective increase in the value appropriation
and, in consequence, of the profitability, can make any effort or sacrifice useless, even disastrous for the
survival of the company. As a result, the improvement of efficiency is a permaoecernfor good
managers. In the application of these dimensions to the production of RE, quality refers to the continuity
to the extent that there is sufficient primary ener@yind, solar radiation etc.)and power to offer the
service. Time is interpreted in the sense that there is demand when energy is availabiiesigr®f the
infrastructure and minimisation of idler unusedcapacity, will have repercussions on a satisfactory cost
for investors anan a higher substitution of conventional energies so 814G emissions are reduced.
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While RE production depends on several variables, the principal one is the geographical place (location
where the renewable energy technology (RET) can be installed due to the connection with the quality and
time strategy dimensions. There are also othentextual factors (social and environmental) that limit or

LINEY2(3GS OSNIIAY GSOKy2t23ASa gAGKAY GKS 0O2dzyiNJ

Thus, the definition of the NRA assets is cornerstone for the assessment of the performance. The RES da
from the renewable energy resources (wind and solar) are transformed in parameters (wind turbines and
P\{panels) in the evaluation of the generaticechnology and doing so, the outcomes in terms of annual
data are the potential energy generation and tleeelizedcost of the energy.

With the aim of providing the economic and financial approach to this analysis, the design of the general
BM is considering the following steps (Figd82:

1. RETSs screening and assessment of their applicability involves further definition of the general data
strategy and detailed technical analysis of theilities Thenthe search fodata sourcegproperdata
collectionand selection will support the construction of BM datasets following theb@$®d project
approach.

2. For each RET there must be a basic analysis and furtbdellingfor the estimation of available
energy in kWh/myear, which should come from considering the energy resources location, the
potential nominal power of the technologies as estimated with climate datasets, and the sequence
of power losses because of technical considerations of the components.

GENERAL DATA STRATEGY:
Technical analysis of installations.
Data sources, data gathering and selection
Data structures (GIS).

\ 4
FINAL ENERGY ESTIMATION:
Location of energy resources

Final kWh/m2/year estimation as based on;

Nominal potential power & Power losses.

v

OPTIMIZATION:
Nominal power and peak load.
Costs of installation and maintenance.

v
COSBENEFIT ANALYSIS:

Location, topology and RET. EARNINGS & SAVINGS ESTIMATION:
Energy market prices. ' Price ofenergy sold (Power Purchase Agreemen
LCOE / Life cycle costs / cdkiws. Price of energy bought (best price).

Figure43.- Steps in the design of the General Business Model

3. Lsting/ranking of technologies under cost optimization and/or maximum puoofieria according to
GKS w9e¢Qa y2YAYlLf LR2ggSNE LISIH] t2FRT O02aid 2F 7
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4. The BM CosBenefit analysis explainthe economic and financial results of the matgh between
f20FGA2y YR (SOKy2t23ASa aStSOiA2y>Y AyOfdzZRAYy3I {F
specific climate characteristics, technical parameters and road topologies) and thetnpaides.

Hence, the energy market prices and purchase agreements are drupialver networkconnected
facilities as the provision of energy should be competitive in economic terms, in the consideration of
thebestda St f Ay 3 LINA OS Afof eléctiicBy s@r@usas. Mkdn ha instaltatiadh iSfdr self
consumption and noitonnected, the BM provides the best price for purchasing the electricity.

Prior to the approval for the implementation of the GIS, the model was tested through simulations to
assess the efficiency of RET selection based on the life cycles of the installations.

While the BM is part of thdecisionmaking approachit is hecessary to identify the whole design of the
BM and its operation into thdecisiormakingframework to explain the interactions between them. The
general scheme is thisummarizedn the next section.

5.2. BUSINESS MODEL: DESIGN AND APPLICATION

The CosBenefit analysis or BM application within the ENROAD Methodology is linked to the GIS general
database and supplied with the detailed information in WP2 of the different RETs, and the barriers and
recommendations for the NRAs to act as an eleityriroducer/retailer in WP3. Hence, the outcome from

the GIS application should be affected by the couiaged legislative and regulatory framework. The
operation of the BM in the GIS is a multistage process based on alternative scenarios and tlaesteps
expected to be as followEigure44):

1. NRAs identification: Selection of NRAs, electricity uses (consumption, selling, and storage), and
load necessities (road lighting, tunnel lighting, etc.). First approximation to optional locations.

2. 9y SNH& YINJ SO LINROSayY { St SOl sdeyfordabingOestimitioNE Qa Y |
and profits from selling the energy.

3. RET electricity output: Optimal location of the installation in terms of electricity production. The
nominal power and kWh/rfyear estimation by RET depends on the technology selection and its
configuration. The estimation follows a thregep process:

3.1.Primary energy resource estimation: it depends on the technology. For instance, the wind
turbines performance is based on the wind speed distribution approximated by the
Weibull distribution; likewise, calculation of the solar panels is based on Europ&an s
radiation statistics or the local solar irradiation (kWH/ygear).

3.2.Performance corrections: depending on the technical configuration of the installation
(connected or norconnected), this considers the losses of power from the production to
the consumption or connection to the network.

3.3.Determination of kWh/miyear: it is the estimation of the final energy production for the
available area of the selected location, in square meters.
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1. NRAs Identification

v

2. Energy market prices

v

3. RET Power output

. .

4. CAPEX, OPEX 6. Revenues and savings
\
v
5. LCOE

7. Economic performance

.

8. Financial assessment

v

9. Environmental issues

Figure44.- Business Model application

4. CAPEX and OPEX estimation: initial investment and investment scaling (modules, structures
connections, transformers, inverters, BOS, batteries and financing) and annual operation costs
(manpower, maintenance, insurance, communications, security, mongpetc.). The sum of
both per kWh has to be considered for each technology configuration and technieajdife of
the installation.

5. Levelizedcost of the energy: in the situations in which two different sources are installed a cost
by-source analysis is recommended. Then, the same CAPEX and OPEX overhead costs should
allocated. Anyway, in both situations with a unique source or two southes\VIB offers a final
LCOE for the facility.

6. Revenues and saving estimation: estimation of annual revenues and savings, and tax aids anc
incentives along the life cycle of the installation.

7. Economic performance: annual prefisses determination or savings estimation (energy and
maintenance) by technology (results of G8gnefit analysis).

8. Financial assessment: cafbtw analysis for the life cycle of the installation (NPV, IRR and payback
analysis).

9. Environmental analysis: estimation and assessment of econa@iated environmental issues
(e.g.,CQ savings per year and square meter) and contrast with current regulatory barriers.

XCi
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As another important outcome, the BM can simulate athén analysis to benchmark countries, needs
and technologies, thus identifying barriers and obstacles for the NRAs to become active in the market.

DEFINITION OF THE NRA LAND/ASSETS

First for the RET electricity production estimation, there are two approximations for the definition of the
NRA land locations. In fact, it is interesting that the proposal uses the term location in the sense of an area.
Hence, the estimation considers thhember of panels or turbines that the NRAs can deploy in that area.
As soon as the area is determined, the next phase is the estimatiB& Electricity production.

RET ELECTRICITY PRODUCTION

The outcome of the estimation of the electricity production is in kilowatts per hour, square meter, and
year (kWh/m2 year). Due to the particularities of the technologies, models are presented in separate
subsections.

COST ESTIMATION MODEL

Cost estimation models are a rrie of efficiency and must bproperlydefined, measured and assigned
(Mowen et al. 2014) so that the energy production is related to the inputs used to calculate the global
financial effect of any madification in the BM. Thus, the cost is closely linked to the quality of service for
the correct operation of the facility for as long as circumstances allow, minimising unused capacity.

Intermittence in the production and nowised capacity

The main problem in the use of renewable sources is their intermittence, what affects in a conclusive way
the installation’s efficiency, both from the perspective of the idle time of the installation and the variations
of primary energy coming from the wdrand the solar radiation. This is due to the structure of the costs

of the installations is based primarily on the fixed costs assigned to the kWh, the estimation both to tackle
the decision to carry out the investment and the estimation of results rest from difficulties due to the
differences between expected and real costs for this variation in productivity resulting from the idle
capacity. The idle capacity is a basic element in the business model of RE from the producer perspective.

Classification of costs

The elaboration of the cost accounting has the purpose of answ#rirg questionsn this order: 1) what

costs are involved during the consumption of good and services in energy production (renewable or not);
2) where (in what departments or sections) are the costs produced; 3) for what services are those costs
produced and what is the @pating results achieved with these services (Figit)e

The first issue is the classification of costs. In fact, the first step of the cost analysis is the classification of
costs on a functional basis: equipment (wind turbines, PV panels, connections, transformers, converters,
etc.), labour, administration anfinancial costs. The analysis is a preliminary assessment of whether the
site is likely to merit further attention through the application of more sophisticated analyses.
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cost-type accounting—what energy cost is incurred?

identification and classification of energy cost
* production factor (e. g., material, personnel, depreciation) » behavior (fivvariable cosi)

* source of production factors (primary/secondary cost) * degree of traceability (direct/indirect cost)
indirect cost
direct cost center accounting—where the energy cost is incurred?
cost * energy costeenters (e g., gas supply, heating system)

+ mixed cost centers (e, g manufacturing, assembly)

* .non-energy cost centers (e. g., human resouices, store)

* primary indirect costeenter cost (e, g., power cost, fuel cost)

+ secondary indirect cost center cost (e, g. heating cost, compressed air cost)

product cost accounting—for what energy cost is incurred?

* energy costas direct cost, special direct cost, indirect cost in product caleulation
+ disclosure of energy cost in the contribution margin accounting
* valuation and calculation for internal energy goods and services

Figured5-Basi ¢ structure of ({(BleeraedGétzetpi2hs cost acc

In general, energy costs are classified according to the basis of the production faetomsterial costs

(e.g., the fuel in a thermal station), perstel costs (e.gwages of the maintenance team when they are
hired by the own company), external services costs ,(eegurity service) and depreciation costs (e.g.
solar panels). These costs are conformed as costs of the activity of energy production, or operating costs
The operating costs become operating expenditures or expenses of operatingiopsr@dPEX) when the
suppliers of the services are identified and the decision horizon incorporates the corresponding payments
according to the conditions agreed or to be agreed.

One of the OPEX is the depreciation designed as an exception in the sense it is an expenditure that doe
not entail a future payment. On the contrary, payment will be made in part or in full before the start of
the economic activity, in order to make theecessary facilities available to the company. These decisions
of capital investment (or capital expenditures) also known as CAPEX consist of the process of planning
objective and priorities setting, provision of funds, and the use of criteria to seleagbets that will be

used for longer than a year, in the long term, and which bestow stability to the company.

Due to the exploratory nature of the Business Model, a third grolugevelopment costsvas created.
Although initially identified with CAPEXwasincluded in a third group of development and engineering
costs. The aim of this group is to gather all the sunk costs derived from the preliminary studies before the
decision (or not) of investment. This Business Model determines the benefit marginsaegwanulative
process of the costs but with the consideration of the effects on the liquid assets; that is to say, that
depreciations are incorporated at the end because they do not imply casifows. This way, the
determination of margins facilitates the understanding of the etistvs and explains the final balance in
cash and banks. Alternatively, for a BM based onc@iEumption, it is explained where and how much
money is being saved.

CAPITAL EXPENDITURES (CAPEX)

The outcomes of the model are the estimated cost per typology, the average cost per kilowatt and square
meter, and finally the LCOE for the facility life. Most of costs are fixed and proportional to the power of
the installation. The facility affects the capital costs (CAPEX) in three levels:
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1 The RET configuration in terms of power.
1 The number of turbines or panels that require specific configurations of rectifiers and inverters.

1 The number of battery modules in the Energy Storage System (ESS).

There is no relevant effect of changes in the daily level of activity. In fact, the behaviour of the unit cost
decreases rapidly in the short run and tends to minimum cost (shows the level of economic efficiency) in
the long run. The BM does not includdesaor income taxes due to the differences between countries.

Capital expenditures (CAPEX) are the most important decisions that an organization makes as they commit
financial and human resources in the leiegm in the expectation of future benefits. In the economic
valuation of CAPEX decisions, investments areuded in necessary engineering, purchasing and
installation of the power system. This includes the equipment in the energy production facility: the power
sources (turbines and panels) and their specific structures and elements (for instance, the bakiae of

PV systems or BOS), the substations, inverters and transformers, grid connection, the batteries, and the
construction of buildings and yarddigplayed inTable 17or illustration purposeps

Regarding the useful life of the facility elements, life expectancy and the depreciation are estimated based
on how much of their value has been used. There are many types of depreciation. For this project, the
annual depreciation has been estimated basedhe life of the element on a straighihe basis, then the

cost of the element is divided by its life in years. As the useful life of the installations genenadies

with that of the component with the shortesservicelife, if replacement is not considered for the
calculation of the costs of a complete cycle, it is necessary to amortise the remaining years of the
components still in usdf thedecommissioningosts are also taken into account, both types of chstee

to be periodised by dividing them by the years of useful life, giving rise to a second amortigtgiarfor

these costs in the OPEX (eofdcycle depreciation and decommissioning).

OPERATIONS EXPENDITURES (OPEX)

The OPerations and maintenance EXpenditures are the annual costs asstigieadperations aimed
at producing the renewable energy: manpower, maintenance, insurances, communicationsoring,
security, energy and other general and administrative costs. When the NRAs are assumed the owners of

theAyadltttlraAzyaQ tFyRZ GKS O02aid SadAYlGAizy AyOf dRS

incorporated (Table 18)Whenthe financing of the longerm investments is fully or partially based on
loans, the assessment includes the debt leverage and the debt payments (yearly annuities), which are
constant over the debt term. Then, the estimations of loan's debt term and interest rate are necessary.

DEVELOPMENT AND ENGINEERING COSTS (DEC)

In addition tothe CAPEX costs, a matetailedanalysis following the RETScreen costing model suggests
the incorporation to theDetailed Feasibility Studyf other important costs such as thsite investigation,
resource assessment, environmental assessment, preliminary design, project management or travel and
accommodation expenditures (Table 19). These are also initial costs; however, difficulties in the basis of
estimation suggest that a geral valuation of the net margin should be proposed.
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Table17.- CAPital EXpenditures Table18.- OPeration EXpenditures
Facility elements Cost Years A_nnuallz_ed_ Annual costs
(Facilitydepreciation)
Power sources Manpower
Maintenance
Structures
Insurances
Inverters Communications
Transformers Security
Grid connection Monitoring
Energy
Batteries . .
Other general and administrative cost:
Yard & building construction: Interest

Other costs under this approach are tBevelopment Costsvhich include the contract negotiations, the
permits and approvals, the GHG validation and registration, the detailed project financing analysis, the
legal and accounting issues, and the project management. FiBaliyneering Expenditureserelated to

the site and building design, mechanical and electrical design, civil design, tenders, contracting, and
construction supervision. Agith CAPEX, these costs are annually considered; i.e., they are depreciated
during the project life.

Table19.- Development and Engineering Costs (DEC)

Detailed Feasibility Study (DFS)

Site investigation GHG Baseline
Resource assessment Report preparation
Environmental assessment Project management
Preliminary design Travel andaccommodation

Development Costs (DS)

Contract negotiations Project financing
Permits and approvals Legal and accounting
GHG validation and registration Project management

Engineering Expenditures (EE)

Site and building design Tenders anatontracting
Mechanical design Construction supervision
Civil design

Development and Engineering Costs Depreciation
DEC Depreciation = [(DFS) + (DS) + (EE)] / Years

XCV
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COST ANALYSIS STRUCTURE, MARGINS AND LEVELIZED COST OF ENERGY

In Table 20Qthe yearlycost structureis displayedfor illustration purposesThe annual cost per kWh is
calculated by dividing the Annublet Margin before DEC by the electricity producedhia period. The
LevelizedCost of Energis estimated over the annual net margin before DEC during the facility life:

Al L Tdds

4 FFF=

B=-otwl f «
B

Table20.- Completeannualcost structure and margins

Energy revenues or savings
Expenditures:

Manpower

Maintenance

Insurances

Communications

Security

Monitoring

Energy

Other general and administrative costs

Interest

Electricity production  Unit Price

-f- 0,
(kWh year) 6ekz| TEUME %

100

ANNUAL NET MARGIN BEFORE DEPRECI/

Facility depreciation

Endof-cycle depreciation and dismantling

ANNUAL NET MARGIN BEFORE DEC

DCE depreciation

ANNUAL NET MARGIN AFTER DEC

The order in which the expendituiie presented is based on prudence. The highethe list, the lower

the risk ofestimationerror. First, personnel and maintenance costs are the most important among the
OPEX, then the amortisation of the CAPEX and, finally, the development and engineering expenditures.
Thus, the BM offers a maximum spending limit on the latter item that provides an adequate margin.

However, if the BM has a negative margin for these expenses, the investment is not advisable.
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CASH BUDGET AND CASBW MANAGEMENT

Knowing the liquid assets, collections and payments flows is essential for the proper management of any
business. The cadtudget is an accounting document that shows the initial availability of liquid assets and
collections for a period or the life cyadé the REacility (shown inTable 2Xor illustration purposes ony
Together theyconstitutethe cash available from which payments are deducted or disbursed to determine
the expected ending balance.

Table21.- Cash budgefinvestment cycle in years)
Year 1 Year 2 X Year n
Beginning cash balance

Cash inflows (or nooutflows):
Energy revenues (or savings)

Total cash available

Payments or cash outflows for:

Total CAPEX payments:

- Property,Plant & Equipment (PP&E)
- Dismantling costs

- Developing and engineering costs (DEC)
Total OPEX payments:

- Manpower

- Maintenance

- Insurances

- Communications

- Security

- Monitoring

- Energy

- Other general and adm costs

- Interest

Total disbursements

Excess (deficiency) of cash available over needs
(Net cash flow)

Financing (borrowing, repayments, NRAs equity).

Ending cash balance

The caskbudget is an estimation of collections and payments to be included in the BM. When as a result
of the analysis of all the information the NRA favourably decides to carry out the investment in RE, the
collections and real payments are collectedaim accounting document called statement of cash flows,
which would gather all the collections and cash payments coming from the operations, the investments
and the funding operations.
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RE INVESTMENT FINANCIAL ASSESSMENT

Although there are different models to assess the investment decisions in capital, two types of models are
here followed based on the classification by Mowen et al. (2014):

1 Models without financial discount: Payback period, and Accounting Rate of Return.
1 Models with financiatliscount: Net Present Value (NPV), and Internal Rate of Return (IRR).

Payback Period

The payback period is the tinrequiredfor the NRA to recover the original investment. It is determined
adding the yearly cash flows up to the moment when the original investment is recovered. O way
apply itisto consider a maximum recovery period, above which the investment would be rejected. This
approach would be interpreted as a risk measure because the longer the time to recover the investment
the greaterthe risk assumed.he formula for its calculation ias follows

Original investment
Annual cashflow

Paybackperiod (in years) =

Accounting Rate of Return (ARR)

The accounting rate of return measures the performance of a project in terms of margin or benefit. It is
calculated by dividing the average annual profit (which is calculated from the accumulation of all the
benefits and losses of the investment peridg)the value of the initial investment. In application of the
data in Table 24, this would imply the calculation of the ARR before or after the DEC. In the dasa of a
ARRthe calculation would be:

AverageAnnual Net Margin after DEC
Initial investment

ARRA\FTER DEC =

Net Present Value (NPV)

The Net present value is the difference between the discounted or present value to the type of interest
agreed or requested of the cash inflows and the cash outflows of a project. The interest rate requested is
the minimal accepted and a positive NPV implihat the investmentvill result innet value contribution

to the NRAI.e., the investment will have been recovered and the minmrate will have been reached.

The formula iss follows

Ck
1+t

NPV=

=  CRdf, |
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Internal Rate of Return (IRR)

Thelnternal rate of return is the type of interest that matches the discounted value or current value of
the cash flows of the RE project to the initial investment value. The IRR is the most widely used valuatior
method for an investment because the IRR imiparable to other profitability rates, either of financial or
banking products or as profitabififrom comparable or benchmark business activities. The formada is
follows:

5.3. ANALYSIS OF FINANCIAL VIABILITY OF A PROJECT OF RE FACILITY IN ROADS

As other tools available in the market, the Business Model helps to estimate the power and quantity of
yearly electricity produced and its average cost per hour in different locations for a RET list. What makes
the ENROAD tool different from others andagivt added value is the analysis of the long term effects in
the financial result, individually or as a whole, of the losthefRET technical efficiency, as well as of the
macroeconomic variables (interest rates and inflatiorgr. #his, a financial ddwboard is provided with
four Key Performance Indicators (KPIs):

1 Energy Average Prices.

i First Year Total Cost (FYTC): mean cost EU/MWh of each RET in the first year.

1 Levelized Cost Of Energy (LCOE): mean cost EU/MWh of the energy produced by each RET.

1 Cost Gap (LCQHE-YTC): effect of the efficiency loss, the interest rates (general of the economy
and specific of the potential debt of the project funding), and the inflation (above OPEX) on the
longterm cost increase.

The model is designed to, in an automatic and recurrent manner:

1. Determine the peak power and quantity of energy produced in the first FYTC year, based on the
location, solar and wind resources, and no. of units that can be installed for a given list of RETs.

2. Determine yearly productions along the facility life based on an estimation of performance losses.

3. Estimate the mean cost of the standard MWh produced for the first year of operation, FYTC and
the LCOE for each RET. This is done according to the data introduced of real or estimated costs ¢
the facility (CAPEX), of the operations (OPEX) and of theeemigig and development (DEC).

4. Finally, with the information provided and the required calculations made, the Business Model
offers estimations of Starting Total Investment, Total Energy Revenues, Debt over Investment,
Payback Period (in years), Net Present Value (NPV), Internal RR&tuon (IRR), and Average
Anual Net Margin After DEC (ARR).

XCiX
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5.4. BUSINESS MODEL SCHEME AND SPREADSHEET STRUCTURE

The BM was designed asFigure46, where the numbers of the sheets in which the Excel spreadsheet is
organised are also shown. It should be noted that the structure isfsipreadsheet has evolved with the
project time to finally become the excel Template used for the ENROABa&48 tool. Therefore, some
changes can be noticed between this structure and the original obeliverables 4.1 and 4.2.

0 1

Small-Wind Wind PV

6 ENROAD . ¥ B

Model's reference RETs
General scheme of the

Business Model

Power curves

v
Elements Primary energy resource
Location lauanity) » estimation 3
(qua y)
L1 Wind and solar
PDF
bide i apex
Eng. costs
fH_., v
kWh per m? and year
production
v v v 5 Ovex
Income streams or |
cost savings “> CAPEX + OPEX < ]
LCOE
A4 v
= Cost/benefit
lysi r sa
analysis margins and = Eriliomrantalissios
cash-flow
I A GHG CO2 savings
Wind PV

Small-Wind
7.1.Tech_1

7.2.Tech 2

Large-Wind
7.3.Tech_3

7.4.Tech_4

Figure46.- BM general structure
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The BM was designed to include a double approach:

1 Supply model: the BM is applied to a business consisting of the production and sale of energy to

an electric operator.

1 Demand model: starting from the supply model, the enemggdsof the NRA are collectedand
the percentage of coverage is estimated. This model is not fully developeslisethe current
versiondoes not incorporateeither theLJ2 (1 Sy i kurves obtlele@riitQ consumption nor the
cost of purchaimgthe energyfrom the energy trading company.

Additionally, according to the connection or not to thed, two scenarios are presented: connected and

isolated. In the secondne, energy storage systems (ESS) technologies and their costs are incorporated
into the model, everfor large wind, since the ESS is a complementary electricity supply system. The
description of the dataset conforming the structure of the Excel file with their respective sheets and, in
due case, the referenced numberskigure46, is asin Table 22.

Table22.- Description of the organization of the Excel file in sheets or datasets

Reference number &
type of dataset (group)

Dataset (Excel file)

Brief description

Generaldescription

Sheet Codes

ENROAD Sheet names and links

General description

Disclaimer

Project Aim and Disclaimer

General description

Summary

General presentation of inputs such as location

starting year, NRAs equity, demand of energy &

NRA, interest rates, government subsidies, inflat

or date of analysis; and provides a summary o
most important outcomes.

1: General configuration

1.1 Config_TC

List of RETs with technical features (rotor diamet
nominal power, module length, module width, etd
and main costs. In this section, costs by default |
component (CAPEX) are included as well as th
engineering and development costs (DEC) for e
RET

1: General configuration

1.2_Config_ WNP

Table with the wind speed im/s and nominal
power in kW for small and large wind turbines.

1: Generatonfiguration

1.5 Config_ESS

Five configurations and costs of E&f&s
considered. The informatioan batteries does not
consider their enovationat the end of their
lifetime, which idower than that ofthe facility. It is
advisable to use a multiple to adjust the estireat

1: General configuration

2.2_Input_PRO

Project data by NRAs with the configuration of

connection to the grid, energy demand, storage

capacity, peak power for using the energy store
financing, etc.

1: Generatonfiguration

EU_LaborCost

Labour cost levels by NACE Rev. 2 activity in t
project countries.
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Input from the Gl$ased tool of location
(Longitude, Latitude and Altitude), area and proje
2: Location 2.1 Input_LOC starting date. The First Year of Exploitation is th

second year of Project, since the first year, total
or partially in months, is for installation operatian

Starting from the number of RETSs units estimatg
by the Glshased tool for theselected area, the

3: Production data 3.1_Out_Prod&Costs . . . .
- = losses are introduced according to the prices i
1.1 Config_TC.
4: Income Streams and Cof CAYLFYOAFf LI NFYSGSNAY

1.4 Config_Prices_l}

Savings prices and interest rates.

Determination of the tables 4, 5 and 6 of
Deliverable 4.1: estimations for the first year of
exploitation of each RET with CAPEX, OPEX an
costs.

5: CAPEX + OPEX | 3.2_Out_CapEx_Opé

Analytical Profit and Looses Statement for eac
RET. Net margins before DEC, after DEC and

6: Cost/ht/)lene_fit analysis, | 54 5 Margins yearly margin after DEC per kilowatt hour.
argins - = . o
Besides, the initial total costs are gathered per k
as well as the total initial CAPEX per KWh.
Cash Budge$tatement (Table 8 in Deliverable 4.
for a RET.
41 Tech 1 In case government subsidies are available, the
T - are deducted from the payments for Property,
7: Cash Flow 4.2 Tech_2 Plant & Equipment (PP&E) in the first year, the g
(Cash Budget) 4.3 Tech 3 of the installations.
X The Cash Flow Statement is accompanied by t
yearly data, for the whole project term, of the
energy prices, costs of energy production and th
production itself.
4.1 _Tech_1 The difference between NRAs equity and the tot
7: Cash Flow 4.9 Tech 2 of the investment is completed by a bank loan w
(Debt repayment and - - an amortizationperiod equivalento the length of
amortization schedule) 4.3_Tech_3 the project applying the French amortization
X method.
4.1 Tech_1

A chart with the revenues, costs and net margins
8: Performance 4.2 Tech 2 offered. In this section, the Payback Period, NP
IRR and AARR are determined.

(Financial assessment) 4.3 Tech_3
X Similarly, the LCOE is determined for the RET]
8: Environmental Estimated environmental impact, GHG/MWh an
3.4_Out_Env .
performance - = CO2 Annual Savings.
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The LCOE is estimated based on the following formula:

I c + M,
, = (1+7)'
LCOEFE = .
Q

M=

i—o (1 +7‘)t

where G are the yearly costs of Facility Depreciation, Bfidycle Depreciation and Dismantling and DCE
Depreciation (all of them are CAPEM);are the yearly operation costs (OPEQ)js the yearly energy
production;t is the yeary is the interest rate (IR); anfis the length of the project as a whole.

5.5. ENVIRONMENTAL APPROACH

Literature search and reviewere conducted to attain overview on the availability of information on the
environmental impact the of RETs from a life cycle assessment (LCA) perspective. Life cycle assessme
evaluates environmental impact of the whole lidgcle raw material extractionmaterialsprocessing,
production, transport, use and eraf-life processing. The method includes all resources that are needed

to satisfya specific need or function. LCA is most often based on a functional uniF@le electricity
market, FU would be the environmental impact per kWh in order to compare different technolégies.

this project, the lifecycle energy is a variable within the ENROAEb&48d tool and thereforghe total
emissions related to theelectedtechnologyare needed. In theeNROAMDDol the impact is presented per
kWh/MWh for comparison purposes.

The literature review was used to find guiding values for the technologies considered. Thus, a search ir
Scopus was performed for all RETs mentiondddliverable 2.1but the main focus was on wind energy

and solar PV technologies. The search for the literature review of wind technologies returned 52 articles,
11 of which were decided to be relevant after evaluating the tittles and abstracts. The search for the
literature review of solar PV resulted in 63 papers, but after carefully evaluating titlealsstchcts 14
papers were defined as relevant for the @Esed tool.

Furthermore research of available data the Ecolnvent database was used to support the information in
the literature review. The resudiof the literature review and available data in Ecoinvermtre used to
evaluate the potential environmental impact of the REEhnologiesaimed at creating a sitspecific
dynamic approach tan environmental impact calculator. The aim oktanvironmentalcalculator is to
support decisions along with the technical, economic and financial informatovided bythe ENROAD

tool. As the target users of the calator are CEDR members and other NRAs, a European electric mix is
used by default for calculating emissions and for comparison purposes.

The results presented in the environmental calculator are not absolute numbers but an indication of the
magnitude of the environmental impact, only for comparison purposes within the context of the final
ENROAD Glsased tool. This is because of the higitertainty of the required input data: suppliers,
transport distances, construction work needed for installation and removal as well as materials and work
needed for maintenance.

ciii
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The sustainability of largecale PV power plants questioned in the literature as potentially resulting in
problem shifting between the different sustainable development goiads, due to the toxicity inthe
production and waste handling. However, solar PV plants do not produce noise unlike the wind farms, nor
bad smell unlike biowaste plants. Besides, visual impact does not seem to affect nearby reSioeltife.

cycle stages included are based on the European standard EN 15804 (European Conumittee f
Standardization, 2013) andre actually focused on AXA5 (production and installation), and B1 (use,
energy production).

For the estimation of the environmental impact of wind turbines, two sizes have been included from the
Ecoinvent database that offer a goedtimate:2 MW and 3.3 MW onshore turbines. The dataset used
has been adjusted mostly to represent the European situation instead of the global market. Regarding the
estimation of the environmental impact of PV panels, groomaluinted silicon PV panels have been
selected from the Ecoinvent databagee totheir slightly higher technological and market readiness level.
Lke with wind turbines, the dataset has been adjusted to represent the European situation rather than
the global market.

Preliminary results obtained with the model for different simple study cases show that for theydifke
analysis of wind power, potential energy generation, number of turbines and wind conditions are crucial.
Likewise, the location of the wind turbines very relevant for the environmental assessment of the
technology for important reasons such as the transportation distance or the construction work that is
required for the installation of the infrastructure. As for the solar PV plants, the energy keoMasgely
depends on the existing solar radiation, which is highly affected by location and angle, as well as by the
efficiency of the PV panel. Therefore, theirdifgcle impact per MWh varies highly between locations.
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6. ENROAD GIS-BASED TOOL

The ENROAD todkveloped by the University of Cantabigaaimed at providing NRAs with aasyto-
usetool for the prefeasibility evaluation of renewable energy projects within the road infrastructure.
Therefore, the GHBased tool has been carefully designed in order to becomseafriendly tool and at
the same time provide:

1. A preliminary estimation of power and potential energy generation in a specific location.
2. An economic and financial pfeasibility study of the renewable energy installation.
3. A preliminary environmental impact assessment mainly associated with the core technology.

As this tool is intended for decisianaking purposes at a very early stage of the project investment, the
solution provided by the tool to an initially proposed study case shows the potential utilization of a specific
location to fulfil the energy requiraents of a road infrastructure, also allowing the comparison between
different renewable generation alternatives.

It should benoted that this tool is intended to help technicians and managers of NRAs in their decision
making process, but in no case can it be taken as a design software nor can it be used as a substitute fc
the professional advice that is mandatory when dealing Witk type of projects and investments.

6.1. TECHNICAL FEATURES

As a first step for the development of the ENROAD@$8d Tool, a UX Design process was approached
GAOUK GKS KSftLI 2F ! NHzZLJQa S5A3IAGEHE ' ROAA2NE (GSHY
(Figured?). As a result of the workshopslebrated(further information inDeliverable 5.}, a design was
set by the University of Cantabria with improved user interaction, flexibility and general advantages:

1. A more fluentinteraction of the user with the application.

2. A more straightforward response to the user aspiration.

3. Wider scope while keeping the convenience of the results provided.
4. Greater versatility, being adaptable by the easkr.

Discover Define Develop Deliver

Problem Definition

Problem

sign Bnef

De

Figure47.- Design Council's double diamond framework.

All the technical features of the ENROAD-I&ISd tool on its actual form are detailedDeliverables 5.1.
and 5.2.Asummary of the most important characteristics is listed below.

cv
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GlSbased tool

Thesolutions provided by the ENROAD tool are all based on the location of the RET that is planned to be
installed. For this reason, a Geographical Information System (GIS) is needed to run behind the tool that
is able to deal with the information contained tine different geodatabases used. In order to selihet

QGIS softwardor the management of the gereferenced data instead of the more commercial ArcGIS,
several aspects were taken into account such as the functionality, compatibility and handlingycapaci
ArcGIS, by ESRI, consists of several tools. BasdziioBdxeience, theArcGlModel builder is more

stable and its export to Phyton script is easier as only th&yAmodule is necessar@n the other hand,

QGIS is anpensourcesoftware, operating under GNU and GLP licenses that manages genfd

data through GDAL library. The fact that the QGIS is progressively developed by its end users can make
things challenging sometimes, especially when looking for a specific feature, but it is alsieatrall the
required functionalities for the ENROAD tool can be found in QGIS, including a good connection to Python.
Finally, the fact that the QGIS is nprofit makes it potentiallyreachableto any professional or
organization with the required skills.

Roadfocused

The ENROAD tool is aimed at fostering the use of RETs along the road network and the NRAs lands. Thus,
in order to help theend user to find the right place for the renewable technologies, different free epen
source databaselave beenincorporated to the tool: EsriSatellite, OpenTopoMap and OpenStreetMap
(Figure48). As requested by the PEB, end users are allowed to upload their own geodatabases such as
parcels, points for connection to the grid, land uses, etc., which definitely helps the users to be more
accurate when selecting the location of the RET. For the vector datadeapefile) to be valid for the

tool they must be converted ta GeoJSON format (with EPSG:3857 or EPSG:4326 projection coordinate
system), which can be done with the QGIS software itself or any of the converters that can be found in the
internet (e.g.,MyGeodata Converter or Mapsharer).

Web Map Service (WMS)

The operation of the tool by the end user simply by clicking on a link or entering a web site (no need of
complex installations or configuration) is key in terms of a proper UX. In short, Web Map Services allow
the dynamic consultation of cartographic imfieation generated from one or several sources and loaded
from one or several servers. For the purpose of the ENROAD project, raster maps with the information
from the energy resources are stored in the external server not to have them locally consunoingess

and making the processes slow&eoserver, awpen-sourceserver for sharing geodata that is installed

in the externalserver with the maps, is used to supply the energy layers to Leaflet, ansmpece library
responsible for the management of the raster maps, through WMS connections. Fihallgfinement

of energy databases for a correct visualization is performed from Geoserver by cubically interpolating the
raster mapsboth in colour gradient and numerical pixel valughen zooming in and out them.
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Languages andpensourcetools

Different programming languages, libraries and free databases have been used for the development of
the ENROAD GHased tool. More specifically, HTML, CSS and JavaScript have been used for the FrontEn
web development, while Java and Node.js have beed fsethe BackEnd development.
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Figure48.- Different databases for the location of the RETs

Renewable Energy Sources (RES)

The decision about thREsources that can be exploited by NRAs for electricity generation in their lands
and assets has been made based on the study carried out by the University of Cantabria and SINTEF Ene
during the first part of the project. The resolution for both the wisnad solar resource is of 250 m, very
suitable for the purpose of the tool (Figud®). On the other hand, this high resolution makes the maps
extremely heavier, resulting in a slower and more difficult management of the georeferenced data and
hence, in waose user experience. For this reason, energy layers were decided not to be stored in local, but
in a more powerful external server.

Although the ENROAD tool was initially designed for the calculation of renewable energy production using
solar and wind data from an average of recent time seriee small differences in these time series seem

to guarantee a good accuracy of the caltiolas provided by the tool for this version of the tool, wind

and solar data that are updated over time (PV@GLfs://re.jrc.ec.europa.eu/pvg_tools/eand NEWA,
https://map.neweuropeanwindatlas.eéthave been used to provide a little more accuracy.

cvii
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Figure49.- Screenshot of the wind speed layer in the ENROAD tool

6.2. MODULES INVOLVED & OPERATION

Inputs & Outcomes

The type of user dealing with the ENROAD tool defines the amount and complexity of the input data that
must be introduced: from basicocation RETArea Available financingr Starting year of investmeno

more specificEnergy demand for storagénflation rate or OPEX standard$-urther information about

the inputs can be found in the next section (User Guide).

In terms of the outcomes, the ENROAD tool allows the user to start making decisions based on a set of
results that depend on the inputs provided. The results can be classified intro three groups or modules: 1)
power capacity and energy production, also éh®n the energy resources on site; 2) an economic and
financial assessment, which depends on the amounglettricity that can be produced; and 3) a
preliminary environmental assessment associated to the technology implemented.

Excel Template

While the Gl$hased tool helps the user to make the most important decisions, the locatioselrdtion

of the RE&nd thearea availableand provides th@umber of elementéV panels, small turbines or large
turbines) that fit the area selected aride total capacity (MWbpbtained, the potentiaknergy production
(MWh) and the remaining technical, financial and environmental outcomedetegledand presented in
an excel file that can be later used to furtteeralysethose results. Likewise, important inputs such as the
interest ratesor the financing by NRAsave tobe uploadednto the tool through the same template.

Thus, the ENROAD tool is built up of two elements: an Excel fidenptate where inputs and outcomes

are displayed in the form of a complete study case for a specific location, which will change every time a
new simulation is carried out; and the tool itself (theb servicg, which makes use of the input data in

the template and allows the user to select location and area for the different RETs, and calculate the total
capacity of the new renewable energy installation. Those data are then written back on the excel template
and the rest of the outcomes are calculated accordingly.
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The information in the Template is split in 4 different types of sheets, each with a colour (Fdyure 5

1 Configuration (1.X_Config_XXX): main parameters of RETs, ESS, standards and prices.
T Input data (2.X_Input_XXX): input data to be entered by the user or the GIS tool itself.
T Out (3.X_0ut_XXX): energy, economic and environmental outcomes.

1 Technology (4.X_Tech_X): financial analysis per RET.

Some of these sheets have been hidden/blocked to prevent misuse by the user that would cause the tool
to malfunction (e.g., cells automatically filled by the tool are highlighted and blocked).

Inidlo

Inido. Wsetar  Disposiodn 0e pagea  Formulas  Datos  Revsar  Vists  Ayuda  Acrobat
lgz [cusn dn AR | E=E e auiee Geneas B O ERE ém—u- v e
o s NKS- D0 A- | ESS S5 Soomtinnyonow « | TH- %oon| & | Fomso Owiomms faieade | huctr fimina 7o SO i o
Portapapeies L Numero i Estilos

Disclaimer: Project Aim and Disclaimer
Summary: Summary of main energy, financial and environmental outcomes
1.1_Config TC: Characteristics of RETs and Wind Power Curves

1.2_Config_ WNP; Wind Nominal Curves

1.4_Config_Prices_IR: Forward prices and Interest Rates

1.5 Config ESS: Energy Storage System

2.1 _Input_LOC; Location as coming from GIS

2.2_Input_PRO: Project data required for financial outcomes

3.1_Out_Prod&Costs: Main results of energy production and costs
3.2_Out_CapEx_OpEx: Capital expenditures, operational expenditures and Development & Engineering Costs {DEC]

3.3 Out_Margins: Profit, looses and margins

3.4_Out_knv: Introductory environmental impact
4.1 Tech 1: Specific data for RET1
4,2 Tech_2: Specific data for RET2
4.3 Tech 3: Specific data for RET3
4.4 Tech_4: Specific data for RET4
4.5_Tech_5: Specific data for RETS
4.6_Tech_6: Specific data for RETE

15 Contig £55 [ 2.1 mput 10C 3.1_0ut Prod&Costs | 3.2 Out Capex OpEx 34.0uEw | 41 Tech ) [

Figure50.- List of contents and codes of the Template for the ENROAD tool
Renewable Energy Technologies (RETS)

In line with the energyources, the decision on the renewable energy technologies to be included in the
ENROAD Gl&sed tool has been made based on the study carried out by the University of Cantabria and
SINTEF Energi during the first part of the project.

In addition to the technical criteria such as the maturity of the technology (TRL), performance, ease of
integration or accuracy of the models developed, the scope and results of the survey conducted (see
section 2.3) were considered relevant and therefdeken into account for the decision. According to the
study carried, the three main types of RETs (two models each) in Table 23 were initially incorporated into
the tool.

Ccix
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Table23.- RETSs initially included in the tool

RET type Rotor Architecture- Reference Manufacturer Nominal Power
Small Scale HAWT- Bornay 6000 BORNAY 6 kW
Wind Turbine Darrieus- AeolosV 3kW Lotus Energy Tecl 3 kW
Large Scale HWAT-V902.0 MW VESTAS 2000 kW
Wind Turbine HWAT- NWB 54750 NORWIN 750 KW
RET type Cell type- Reference Manufacturer Nominal Power
Monocrystalline A330M GS PERC ATERSA 330 kW
PV Module
Polycrystalline L-830P/15672+ LUXOR 330 kw

However, based on the feedback provideddayeralexperts from the energy industry (10 professionals
were consulted on th&kEtechnologies included in the tool, the calculations made, the prices and costs
given by default, etc.) who were shown the ENROAD tool for validation purposes, it was decided to update
the RET list and replace the 750 kW wind turbine and the polycrystB\fn@module with a more modern

and costeffective 3.3 MW turbine and 530 kW monocrystalline module (Table 24).

Table24.- RETSs finally included in the tool

RET type Rotor Architecture- Reference Manufacturer Nominal Power
Small Scale HAWT- Bornay 6000 BORNAY 6 kw
Wind Turbine Darrieus- AeolosV 3kW Lotus Energy Tect 3 kW
Large Scale HWAT-V902.0 MW VESTAS 2000 kw
Wind Turbine HWATC V1123.4 MW VESTAS 3300 kW
RET type Cell type- Reference Manufacturer Nominal Power
Monocrystalline JAM60S1880/PR JA SOLAR 330 kW
PV Module
Monocrystalline JAM72S3B0 JA SOLAR 530 kW

Maintenance and updating (change of RETs by users)

In order to facilitate upgrading and maintenance to a certain extent, the tool has been designed so that a
user with someenergyknowledge and access to certain technical data is able to modify the parameters
of each of the six technologies initially incorporated into the tool (two small wind turbines, two large wind
turbines and two types of PV panel), and even replace each aéthamologies completely as long as they

are replaced by the same type of technology (i.e. small wind turbines, large winddaarnd PV modules

can only be replaced by other small turbines, large turbines and PV modules, respectively).
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In order to replace a technology only tEecelTemplateneeds to be modified. Particularly, the following
information has to be updated: 1) Reference, manufacturer and technology characteridtis sheet
1.1_Config_T) Wind nominal curves the sheetl.2_Config_ WNRonly in case of change tife wind
turbines) and 3)Iindividual figures of environmental impacts3_Out_Env sheetf required.Once this
information is updated and the template is uploaded into the ENROADESES tool, the new data is
read by the applicationthe reference names andtber necessary data are changed (and shown in the
screen), and the calculations are made according to the new models defined.

Type of users & Modes of operation

'a | YFEAY O2yOfdzaizy FTNRY (KS g2N] akKz2Lla o6AGK | N
of users with different profiles and knowledge.bAsic userwith a more executive profile, whose aim
should be to obtain a global vision of the opportunities for the installation of RETs; autyanced user

with a more technical profile, whose aim is to get as much as information as possible at this first level of
the decisionmakingprocess. The main difference between the®dé¢ypes of userdiesin the level of
outcomes they are interested in, one more focused on the summary of results provided Exdbke
Template and the other more into detailed results) and the number and quality of inputs they enter.

CALCULATION OF ENERGY GENERATION AND STORAGE

The model developed for the estimation of the energy production of theeBhology(Small Wind, Large
wind andsolar PV) for the location and the existing energy resource, is based on the theoretical
development carried out by SINTEF Enagpresented inDeliverable 2.2.and the needed adjustments
incorporated by the University of Cantabria during the coding of the tool.

In short, the Total Annual Energy Production (MWh/Year) of the turbines depends on the wind resource
at the selectedsite, the type and power of the turbine, its geometry, the number of turbines arranged in
the chosen area and its layout (number of rows and number of turbines per row). As for the PV plants, the
Total Annual Energy Production depends on the solar resourtieeaselected location, the type and
power of the module, the total number of modules and the plant layout. Also, an initial approdhk to
need of storagdtechnology and co$is provided that considers thdRAs renewable energy demand for
storage(kWh/day) andNRAs renewable peak power demand for using the energy stonéd

In order to gain precision in estimating the location of the elements ofRfWisystems and their overall
performance, two functionalities were added to the ENROARBb&$8d tool that makes use of the API of
the PVGIS online service. The first functionality makes use dbtlieconnectedAPI to determine the
optimal elevation and azimuth angles of the PV arrays, the@btaining thegreatestpossible energy
production for the irradiance conditions at the selected location. For this, the API takes iotanatice
location where the PV system is installed and the shading effects due to the local orography. The seconc
functionality is based on thelorizon ProfiléAPI, through which the optimal distance between rows and
arrays is calculated. Defining this spacing is crucial to avoid shading effects between adjaceas tbiss
would decrease the energy production and f&plant lifetime, and to avoid those effects it is necessary
to know the position of the sun as determined by elevation and azimuth amgldse winter solstice
(when shading effects are maximum). With angles provided throughitirizon Profil§Figure 3), the
distance between arrays is calculated accordingvim et al. (2015) and Sanch€arbajal and Rodrigo
(2019).

CXi
CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report



£ a\
CEDR
Page 112/157 T oo

Conference of European
Directors of Roads

ENROAD GIS TOOL 1.1.5 Beta

Figure51.- Determination of solar winter elevation and azimuth

ECONOMIC AND FINANCIAL ASSESSMENT

The purpose of the model is to provide the NRAs with an estimation of the energy generated by the RET
selected, as well as the corresponding estimated cost of investment (CAPEX, OPEX and Development and
Engineering costgnd a financial assessment (LCOE and payback period) of the solution proposed that is
based on parameters such as the typeRéf technologgind the renewable energy resourdeor this, the

model has been designed with a bottemp approach, i.e.the calculations are made considering the
disaggregated data from the RETs manufacturers, the locations selected and the energy resources (wind
speed and solar radiation). ThUEENROADot only provides the user with an accurate estiinatof the

energy production, but also an effective analysis of the cost structure and the economic and financial
picture associated to the solution proposed, all offia@ an intuitive and understandable wdyshould

be noted that bydefault estimations are given at a European level, however, due to the changing nature
of the figures referred, the tool allows the user to change different economic and financial parameters in
order to adjust that estimation tthe particularities of the country where the analysis is based.

The ENROAD tool providégeseeconomic and financial results depending on the type of user accessing

the tool. Thus, dasic usernters or modify default values ofocation, starting year of the investment,

interest rate percentage or available financirand obtairs the following outcomes for each RE®tal

annual energy production, total installed peak capacity, Levelized Cost of Eh€@f£), starting total
investment, total energy revenues or savings, project duration and loan repayment, debt over investment,
payback period, Net Present Value (NPV), Internal Rate of Return (IRR), Average Accounting Rate of Return
(AARR) and CO2 savin@s the other hand, aadvanced useentersor modifiesthe same default values
plus:RETs configuration and CAPEX, OPEX and DECs stamttA@stairs the same outcomes for each

RET plusannual net margin before DECs per kWh, annual net margin aft€s P&r kWh, annual cash

budget and casfflow.
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PRELIMINARY ENVIRONMENTAL ASSESSMENT

As a result of the Life Cycle Assessment (LCA) carried out by SINTEF AS, main outcomes of the ENRC(
GlSbased tool are the Life Cycle Inventory for the four large scale technologies that can be selected by
the user, including (among others) GHG emissidgs CQeg/MWh) and annual COsavings (Tonne
CQ/MWh), the latter based on the values of GHG emissions by a combined cycle gas turbine (US DOE
2022 and Hou et al., 2016). The results obtained derive from a etadjate approach involving mainly
extraction, manufacturing, construction and connectiongrid of the technologies. Transport is partially
included, as only the transportation of materials to the manufacturing planbisidered It should be

noted that the extraction, manufacturing and construction (installation) phases together accouhefor

vast majority (8890%) of the energy consumption and emissions (Schultz and Carvalho, 2022; Thompson
and Garrisa, 2015; and Khoie et al., 2020).

6.3. SECURITY FEATURES

To allow access only to authorized users and to secure the information uploaded through the template,
the ENROAD Glfased application has been provided with an authentication layer by means of user and
password (Figur&2). Once on the ENROAD website, usensst enter their username and password to

log in.The passwordtan be changednytime. Two types of profiles have been considered: administrator
and user. In addition to accessing the application, the administrator can register new users. Additionally,
an access audit has been included to record all accesses to the application.

Other protection measures have been added to secure the semavhichthe ENROAD tool is hosted
and protect it against misse corrupted files, excessive file size, etc. An extra validation has been added
in the configuration of thewrite microservice to prevent the system from uploading templates higher than
10MB. Alsq a service has been added to automatically notify the administrator when the tool stops
working. Finally, a new validation process has bestrupto prevent users from uploading templatesth

empty ormisspellednandatory cells.

cxiii
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6.4. USER GUIDE

Even though the ENROAD B#sed tool has been designed to be very dsiendly, a basic user guide is
required for novel users. This chapter presents in an orderlycangprehensible manner the steps to be
taken by the user to run the tool and take advantage of all its functionalities.

STEMBY-STEP GUIDE FOR NOVEL ENROAIAGED TOOL USERS

1.- If you area basic usewho just want to look around and find spots fpptential energy generation,
simply access the website and select a location and area to obtain a number of elesdatBY panels
and/orturbines)that matchthe selectechreaand the total capacity (MW) of the RESEveral grapk show
the kWh/m2 available from solar (global irradiation) and wind resources.

If you area more advanced usewhowant to godeeperinto the results,you shouldstart by opening the
template, check the defaultlata setand make the necessary chang€mce the template has been
adjusted with the new entrigst should beuploaded so that the new data can be read the GlSbased
tool and used for its calculations. Main data to be examined in the template are:

T 2.1 Input LOC

- Set theUTC zonef the country you are assessing.

- The other important data are automatically imported by the-B#Sed tool.

T 2.2_Input PRO

- Connectedtothegrid? ¢, S&a¢ G2 FOGAGIGS GKS dzaS 2F ol G4GSNR

- NRAs Renewable energy demangstimation of energy demands by the NRA to be covered with RETS.
- NRAs Renewable energy demand for storageed of energy storage by the NRAs.

S

a

Iy

- Financing (NRAsequity) bw! Qa 2¢y LJzf A0 FTdzy Ra F2NJ Ay@SaliAay3a Ay

- Government subsidynonrepayable grants (no reimbursement) complementary to NRAs equity.
- Average HICRmeasure the changes over time in prices of goods and services acquired by households.
- Debt Interest Rate estimated interest rate in case it is possible to borrow from third parties (banks).

- Price per square metemMRAs is considered the owner of the land and therefore this is zero.
1 1.1 _Config_TQheck the standards defined by default (wages, civil works, O&M, etc.).

1 EU_LaborCostheck and select the weight based on the labour cost levels (countries).

* Notes regarding the fontolourA y 1 KS &/ 2y FA3£ YR aLyLMdzié aKSSGa

- Cells in blue fonare costs, prices, efficiencies, etc., related to RETs, energy market, project data, etc. Users

are encouraged to check and update these data in order to obtain more accurate estimations.

- Cells in black fonare technical features of the different RETs and ESSs, and data related to energy sources

that are imported from the GIS platform, given by default or automatically calculated via formulas. These

cells can be modified, but some knowledge is requiredaobtrupt the calculations or the template.

- Cells with a blue dot patterrapplied are imported from the GIS platform and cannot be altered in any way.

They are blocked to prevent misuse by the user.
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In case one would like to adjust or replace any of the six RETs considered, go to the enguidehis

2.- Enter the site and log in with user and password (Fig@je 5

-\

f
@ ENROAD \ WL

Figure52.- Authentication screen of the ENROAD-G4Sed tool
To change the password, first log in and then click on the lock icon at the top right part of the screen.

3.- Upload the template to the server via the ENROAD application (Figur8pdoing this, the inputs in
the template (see Step Hreread and used by the tool for its calculations, and the data provided by the
tool (location, areageometry, power capacity, etcare eventually exported to that template at the end

of the simulation, this resulting in all the outcomes in the template being updated.

Figure53.- Loading of the excel file in the ENROAD application
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4.- Next step is selecting the country of interest (ivehere thearea for the installation of the RET is to be
defined). It can be done manually, simply zooming in and out with the mouse, or with the function offered
by the application (Figurg4).

Figure54.- Selection of the country in the ENROAD application.

5.- In case you are clear about the location you want to jump to, simply uskl#gnifying glas$utton
and select the place, as in Fig&®

sa2ad o Matrid Escafie

Maang

Figure55-! &S 2F (KS dabal dyAaATFeay3ad At aaég odzidzy G2 adzvLl
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6.- Now the road can be displayed on the map (optioogération) but first the user can customize the
map by switching from th&sri Satelliteiew (by default) to theOpen StreetMapr Open TopoMapiew
(Figure56). To do this, select the desired option from the menu at the top right of the screen.

Bau Layers \
) Esri Satellite

@ OpenStreetMap
D Open TopoMap

- s
L —

: < | Wind Speed
e . ™ |0 wind Power

Solar Layers

] PV Power Potential

Ustosa Terpien Cowrszes Tewoine

Figure56.- Selection of Open Streetmap view from the menu at the top right of the screen.

7.- In order to help you to select an adequate location for the RE installatiorDyinamic Buffecan be
used. Activate this menu to define a sliding polygon with a given length and width, and a buffer to check
the distance of the potential location to a specific spot (building, road, etc.) on the map (biQure

Figure57.- Activation of dynamic buffer to help the user to set the location.
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8.- For more manual measurements, use Ralerbutton and find out the distance between a potential
location for the RE facility and any specific spot (road, building, yard, etc.) in the map B8gure

Upsat tergene

. F 3

swravr wmee [ srors sce e

Figure58.- Use of Ruler button to make simpieeasurements.

9.- The energy layers (wind and solar resource) capdsglyactivated by selecting them from the menu
at the top right of the screen. This is very valuable information for a basic user looking for opportunities
within a large area of land (Figus®).

® Esil Satollite
OpenStreetMop
Open TopoMap

2 Wind Speed
| Wind Power

| PV Power Potential

Wind-Speed

(mis)

0-1

Figureb9.- Activation of the wind speed layer.
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10- External geodatabase-GIS layercan be uploaded to help you to decide on the location of the area
for the installation of the RET (e.fpoundaries of NRA assets, airports, transmission lines, etc.). 3o,do
simply click on the button shown in Figur@ &nd select the fileNote that this file should be previously
converted to a GeoJSON format.

Figure60.- Button to upload a GIS layer by the user.

11- Once the location is decided, activate the menu and click on bi@reate Areato start drawing the
polylines that allows you to define the area boundaries (Figdje 6

ENROAD GIS TOOL 1.1.5 Beta
P St

Create Areas

K J

Upload Template Download Template

BL

Figure61.- Definition of an area for the installation of the RETSs.

CXiX
CEDR Call 2019 Renewable Energy in Road Infrastructure Final Programme Report



 ebr
, Conférence Européenne
Page 1207157 \ des Directeurs des Routes
Conference of European
Directors of Roads

** TheArea Settingsa new panel with sliders and buttons appear (Figwte & first slider to adjust the
buffer area ratig a second slider to adjust the opacity of that buffeElga to locatiorbutton that lets the

user easily jump to the area; a button to delete the area; a button to easily adjust its geometry; a button
to display the dimensions of the area; and a button to download (save) the area with its characteristics.

l Insert Area Name l

Area Settings
( )
@ | X | X | 2 | & )
[ BufferAreaRatio | O [ 80% |
| Buffer Area Opacity | — 0 | 10% |

Total Area: 391843.551 m? = 39.184 ha
Buffer Area: 313474.841 m? = 31.347 ha

Figure62.- Panel of buttons and sliders to edit the new area generated.

12.- To check on the suitability of the location and area in terms of its distance to a specific element in the
surroundings, the Buffer Zones menu can be activated and the required distance set Bjgure

s 1 & ]

ot e 291231 - 014 b
e A 32 MR I b

Figure63.- Activation ofBuffer Zones
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13.- With the area created, the number of elements for the different RETs that fit that area and the total
capacity (MW) are calculated based on certain parameters, some of which can be manually changed. Fo
the case of wind turbines (FiguB#), the spacing betweethem and wind direction are set by default,
which can be adjusted by means of three sliders. When adjusted, the number of elements and the total
capacity (MW) of the facility are automatically recalculated (Fig&je

IIRAT V50,35 ¥
AT V15223 MW

Wind Rose Direction-5peed Freauendes
Prevading Wind Direction: 240°
Masac Wiod Spwud: 1.39 /5

ENROAD Gl

amat

s semage

RS

T X[ % & &
- - °
°

ol B A TH w730

o Arw AT w7310
e Default Grid Layout Parameters For This Area
Turbines Tangential Turbines Parallel Prevailing Wind

Spacing Spacing Direction
4D D 240

o) Custom Grid Layout

Tangential Spacing |

[ Paraitel Spacing | &= [50]

o |[ WindDiecton | eo——Qu— [ 270 |

Figure65.- Recalculation of the number of wind turbines after adjusting spacing and wind direction.
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** Calculations for wind technologies are based on the information in PVGIS and NEWA databases, on the
basis of which the following data is calculated and plotted for the selected location: average speed,
Weibull parameters and two wind roses, one with thetriligition of wind speeds and the other with the
distribution of energies. The latter is used to establish the optimal angle at which the turbines have to be
oriented (Figures6).

Figure66.- Wind roses provided by the toalith speed and energy distributions for the area selected.

14 - Finally for ths simulation, click on buttohVrite Templateo export the results to thexceltemplate
(Figure67), and clickDownload Templatéo find the detailed list of results.

Figure67.- Exporting results to the excel template addwnloadingit.
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