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Renewable Energy

Communities

Local Energy Communities have been fostered for some decades now
(District Heating, etc.).

Enterprises typically managed
by a local Public authority, a
citizens-group or NGO, often
in partnership with small and —
medium  enterprises and off ## 0

energy utilities. P
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RECs add the benefit of
Green Energy sourcing.

%o e ¥ F Energy markets

Weather forecast
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REC Possibilities
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1) Where is generation _
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located?
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“consumed”? = generation = generation
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Mo — Local Mo —
collective self- Community
consumption ags supplier

3) Is aggregation performed?

4) Is the local grid
owned/controlled?

Clean Energy Package (2019, still being adopted and translated at national level) aims
to stimulate Microgrids, where the produced energy is locally consumed
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REC Context

Mobilising research
and fostering innovation

Transforming the
Increasing the EU’s Climate 25 e_cnnnrw i A zero pollution ambition
ambition for 2030 and 2050 sustainable future

for a toxicfree environment

\

Preserving and restoring
ecosystems and biodiversity

1
From ‘Farm to Fork’: a fair,
healthy and environmentally
friendly food system

/
Building and renovating in an Accelerating the shift to
energy and resource efficient way sustainable and smart mobility

/
Supplying clean, affordable
and secure energy
|

Mobilising industry
for a clean and circular economy

3 ) e Leave no one behind
Financing the transition S5
9 : (Just Transition)

eur-lex.europa.eu
The EU asa

A European
global leader | Climate Pact
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REC Advantages

Energy system’s improved efficiency, with fewer overall losses and waste

Empowerment and accountability, greater transparency and flow control

Green Energy sourcing and fewer GHG
emissions from fewer transformation steps

Local employment and circular economy

Collective
Effort
Renewable

Energy
Cooperative

Environmental

: : Returns
Economic Returns
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REC Opportunities

REC’s are a growing phenomenon which involves a range of possible
activities around renewable energy:

- Production;

- Supply;

- Storage;

- Distribution;

- Sharing;

- Aggregating;

- Consumption.
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REC Structure: Context

Community preferences
Mimimize cosi

Minimize C0O2

Minimize grid-exchange
Zern net-energy
Autonomous
Multi-objective

Strategic energy
exchange between
electrical, fuel and
thermal grids

Micro-ganaratars (fuel cells, CHF) Local Energy Market

Heat Pumps
PVIMicro-wind/Salar-thermal I Electricity Markets
Electric vehicles Integrated Approach Day-ahead market
Storage Demand side managemsant I Intra-day market
Appliances Efficiency improvemeants Balancing market
Smart meler Cross-secior integration | Capacity Market
Home enargy managameani sysiam Coammunily Local balancing
generalion Community Collectiva purchasing | Energy Services
slorage Communily engagement Ena.rg].r-m!atad
Community energy I Gp;ﬂ?:gimﬁ
management system rola
Houzehald leval Community level I Regional/national level
Residential energy system Integrated communily energy system Larger energy system

Koirala et al., 2016
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storage

Micro-generators (fuel cells, combined
heat and power) Point of National grid
Heat pumps COIMITION or
Photovoltaics/micro-wind,/solar-thermal coupling Neighboring
Storage/electric vehicles communities
Home energy management system

Community
generation
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Koirala et al., 2016
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REC Structure: Agents

Consumers: typically, many low-level units with little or no production
capacity

Prosumers: Existing middle-scale units with a history of consumption and

with existing or eventual production capacity based on existing
infrastructure

Public Authorities: Existing consumption and eventual production
capacity based on existing infrastructure

Private Equity investors, Utilities, Consultants

Question: Who is the most important Agent?
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| ? REC Structure: Drives

Consumers: Cheaper energy, lower carbon footprint

Prosumers: Cheaper energy, lower carbon footprint, sale of the energy
surplus

Public Authorities: Cheaper energy, lower carbon footprint, reputation

Private Equity investors, Utilities, Consultants: ROI, reputation
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Prosumer

Person or group directly involved with the production of a good
(Toffler, 1980 - The Third Wave)

' Adapted to

Substantial gap between:

e the high energy price the prosumer pays

 the low price of the energy surplus the prosumer sells (the energy the plant is
generating in excess to the unit’s consumption)
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Prosumer
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Prosumer’s baseload diagram and two different sizes of PV Plants

With the support of the
Erasmus+ Programme
of the European Union




Societal level:

Socio-political acceptance

+ Of technologies and policies
* By the public
* By key stakeholders

Market acceptance

+ Consumers
+ Investors
~ * Intra-firm

« By policy makers
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Community acceptance

+ Procedural justice

LSS et

+ Distributional justice
* Trust

Woustenhagen et al., 2007

Input and acceptance must come from all agents at all levels

In Portugal, 1 MW limit for each (geographically continuous) REC
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REC Implementation
Design

Public Authorities’
infrastructures can be

——————————————————————

highly valued ! Oj i
| 2

Several techs can be
used but solar PV is SIS SR |

currently the most O utikypower pantssiees
. Household demand o ||
Via b I e o Self-generating Household /
D Centralized CEC - Community power plants

= ., Distributed CEC -Community virtual power
= = plants/ P2P trading

----- , Decentralized CEC - Community micragrids,
"""" Integrated community energy systems

M- Guietal, 2018

With the support of the
Erasmus+ Programme
of the European Union




REC Implementation

Design — Case Study in Portugal

Municipality wishes to take advantage of several infrastructures and
propose a REC to the community

Municipality manages six buildings with considerable consumptions and
available rooftops for PV plants

Some buildings located in densely populated areas and near private and
public large consumers

Municipality also manages seventeen schools with smaller consumptions
with available rooftops for PV plants scattered throughout the territory
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REC Implementation
Design — Case Study in Portugal
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REC Implementation
Design — Case Study in Portugal

Schools’ size, and often considerable
distance to other consumption
possibilities, limit REC implementation on
rural areas with smaller urban aggregates

.‘ iSchooI
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REC Implementation
Desig

Public Authorities’
infrastructures can be
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REC Implementation

Design — Suggested Task |

Design of a simplified REC based on Solar Photovoltaic project(s)
Prosumers’ sizing: focus on on-site consumption.

Selected the site, follow this methodology:

e (Calculate the site’s available area — Google Earth
 Consider modules’ azimuth and slope (20° for flat surfaces)
* Estimate plant’s power: around 1,5 kW per 10 m?
 Estimate plant’s Annual Energy Supply: PVGIS
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REC Implementation
Design — Suggested Task |
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REC Implementation
Design — Suggested Task |

1. Calculate the site’s available area — Google Earth

= Google Earth Pro
Ficheiro Editar Ver Ferramentas Adicio

¥ Pesquisar

Obter diregBes Histérico

P Locais
¥ Camadas
= Base de dados principal
- LB Andncios
» Y1 Fronteiras e etiquetas
/I3 Locais
¥ L1 = Fotografias
I Estradas
» LIl Edificios 30
»
b
» 8 Mais
?| Terreno

Google Earth

Data das.imagens: 30/7/. 0 m - altitide de visualizagdo 684 m
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REC Implementation
Design — Suggested Task |

1: Calculate the site’s available area — Google Earth
2: Google Sl <1

St (@&
ot

Earth
calculates
Azimuth

- 7'.‘-, b

3: )
*550m? = 82kW
*Slope 20°
*Azimuth:

170° North is
-10° South

T "= 35: ‘...

' \
Google Earth




REC Implementation

esignh — Suggested Task |

4: Estimate plant’s Annual Energy Supply: PVGIS
https://ec.europa.eu/jrc/en/pvgis

B Photovoltaic Geographical Infor X 4= o= X
& > C Y @& eceuropaeufjrcfen/pygis % *PEON»Q :
Montepio Energia Eficiente Pessoal Para organizar Tiago Teresa % Bookmarks (3 Google & SAPO - Portugal On.. ) Facebook .» PortalSIGEzA. G Biblioteca Nacional. @ FCG- Bibliotecade.. [ Repositério Aberto. » Outros marcadores Lista de leitura

Home About Us Research Knowledge Working With Us Procurement News & Events Our Communities

European Commission > EU Science Hub > Pugis

Tools
Grid-connected PV systems
Tracking PV systems
Off-grid PV systems.
Monthly radiation
Daily radiation

Hourly radiation :
TMY generator
PV Harizon profile Photovoltaic Geographical Information System (PVGIS)

Downloads

PVGIS data download Try the PVGIS tools:

Performance

Documentation

Solar radiation TMY

Getting started with PYGIS

- x, N |
I I PVGIS users manual 7 o E Ly:t::oa:um e
Non-interactive service / 1@ N g
Data sources and calculation methods Year

Other sources Grid Tracking Off Monthly Daily Hourly Temperature, wind, humidity,
Frequently Asked Questions connected PV grid alr pressure, ...
Releases
History & Bug fixes
PVGIS 5.1
PVGIS 5 PVGIS is available in English, French, Italian and Spanish for any lecation in Europe and Africa, as well as large
part of Asia and America
About us

PVGIS provides free and open access to:
About the project
s ot et « PV potential for different technologies and configurations of grid connected and stand alone systems.
Solar radiation and temperature, as monthly averages or daily profiles.
Full time series of hourly values of both solar radiation and PV performance.
Typical Meteorological Year data for nine climatic variables.
Maps, by country or region, of solar resource and PV potential ready to print.
PVMAPS software includes all the estimation models used in PVGIS.

Data protection

Map disclaimer

The designations employed and the presentation of material on the maps do not imply the expression of any n
opinion whatsoever on the part of the European Union concerning the legal status of any country, territory, city or -
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REC Implementation

Design — Suggested Task |

4: Estimate plant’s Annual Energy Supply: PVGIS

B JRC Photovoltaic Geographical |

€ c O

Montepio
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x  +

& rejrceceuropa.eu/pyg_tools/en/EPVP

Energia Eficiente Pessoal Para organizar Tiago Teresa  J Bockmarks G Google & SAPO-FPortugalOn.. @) Facebook .» PortalSIGExA. G Biblioteca Nacional.
Cookies
This site uses cookies to offer you a better browsing experience. Find out more on how we use co«
e
’.‘“: PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM
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o - X
# *HOEONGQ :
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Legal netics [Cockies

Use terrain shadows:

Select location! el

Upload horizon file

Solar radiation database”
PV technology”
Installed peak PV power [kWp]*
System loss [%]°
Fixed mounting options
Mounting position *
Slope [T
Azimuth [
PV electricity price

PV system cost (your currency)
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REC Implementation

Design — Suggested Task |

4: Estimate plant’s Annual Energy Supply: PVGIS

B8 RC Photouoltaic Geographical I X+ Qo - x

< c 0 oEO0ONg

& rejiceceuropa.eu/pvg tools/en/#PVP & %

Montepio Energia Eficiente Pessoal Para organizar Tiago Teress % Bookmars (G Google o SAPO-Portugal On.. @ Facebook .# PortalSIGE: G Biblioteca Nacional.. & FCG - Bibliotecade... [ Repositério Aberto... » Outros marcadores Lista de leitura
Cookies
This site uses cookies to offer you a befter browsing experience. Find out more on how we use cookies and how you can change your setfings
S ; E I E Ct a r E a Legal notice [Cockies |Centact || English (en) v
i

P’

HOE

LA PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

Grid

European
Commission

European Commission > EU Science Hub > PVG] teractive tools

Home: Tools Downloads ~ Documentation Contact us

connected
Crystalline
Adjust
slope and
azimuth

Budynek
B

Uniwersytet
Ekonomiczny
w: Katowicach

Budynek :
A 9 -

Budynek
C

Buidynek 1+ |
G 1
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o
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Cursor:
Selected:
Elevation (m)

TRACKING PV
OFF-GRID
MONTHLY DATA
DALY DATA
HOURLY DATA
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Last update: 15/10/2019 Top

Use terrain shadows:

50.259, 19.046

263 [Upload horizon fila

Solar radiation database™

PV technology”

Installed peak PV power [kWp]™
System loss [%]°

Fixed mounting options
Mounting position *

Slope [

Azimuth [T

[T PV electricity price

PV system cost (your currency)

Interest [%fy

Lifetime [years]

® Visualize results

Iculated horizon

SRnENETIeD 5 PERFORMANCE OF GRID-CONNECTED PV
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o Nenhum ficheiro selecionado

PVGIS-SARAH v
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Free-standing ~

[J Optimize slope
[ Optimize slope and azimuth
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REC Implementation

Design — Suggested Task |

4: Estimate plant’s Annual Energy Supply: PVGIS

lH LE L& BEH Lo | LO | = o I D ]2y &2 |1
Comma separated values file: oo oY s s Tcor St | o e cewen TR
* Obter e Transformar Dados Consultas e Ligagdes Tipos de Dados Ordena
PVd a ta 5 O 2 5 9 1 9 04 6 SA C r St S Al = 5 Latitude (decimal degrees):  50.259
—_ * —_ * __y 4A00A e | ¢ | b | E | E | 6 | H | 2 | x | v | M
. 1 |Latitude (!Iecimal degrees):50.259
2 |Longitude (decimal degrees):19.046
I 8 2 kW p 1 4 2 O d e g - 1 O d e g 3 |Radiation database:PVGIS-SARAH
- -_— -_— - 4 |Nominal power of the PV system (c-Si) (kwp):82.0
5 |System losses(%):14.0
& |Fixed slope of modules (deg.):20
7 |Orientation {azimuth) of modules (deg.):-10
87
. . 9 |Fixed angle
* Select entire first column
11 |176.212362.61.134.02548.43

* Data/Text to Columns :
* Select Delimited > Next iy

e Tabs > Finish

154
L2l

2127.193561.351.8250.84853.02
3209.46491.513.0694.961284.51
4304.099122.844.6138.061289.33
5322.149986.394.97154.21779.72
6340.010200.05.33159.941147.88
7348.8410813.935.56172.481390.13
8315.149769.364.98154.271096.3
9259.697790.833.99119.741235.67
10175.215431.522.6281.31289.8
1197.472924.091.4543.4715.24
1273.92290.811.0933.77480.47
Year221.226728.773.39103.08341.86

AOI loss (%) Spectral effects (%)Temperature and low irradiance loss (%)Combined loss (%)
5 |Fixed angle:-3.351.63-5.76-20.39

E_d: Average daily energy production from the given system (kwh/d)
E_m: Average monthly energy production from the given system (kWh/mo)

H(i)_d: Average daily sum of global irradiation per square meter received by the modules of the given system (kWh/m2/d)

PVGIS {c) European Union, 2001-2021

0 |H(i)_m: Average monthly sum of global irradiation per square meter received by the modules of the given system (kWh/m2/mo)
1|SD_m: Standard deviation of the monthly energy production due to year-to-year variation (kWh)

With the support of the
Erasmus+ Programme
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REC Implementation

Design — Suggested Task |

4: Estimate plant’s Annual Energy Supply: PVGIS

“E_m” column
shows monthly
production!

We have a design
of an affordable,
clean power source

We can assume
this production will
decrease around
0,7% per year

'“_."i: — Lolooi-.llr:n W=

[
il |

16|

~|Latitude (150.259

' |Longitude 19.046
. |Radiation PVGIS-SARAH
. |Nominal g 82.0
5 |System lo 14.0
Fixed slog 20
Orientatic -10
3 | Fixed angle
0 |Month Ed E m H(i)_d H{i)_m SD_m
p 76.21 2362.6 11 34.02 548.43
2 127.19 3561.35 1.82 50.84 B853.02
3 209.4 6491.51 3.06 94.96 1284.51
4 304.09 9122.84 4.6 138.06 1289.33
5 322.14 9986.39 4.97 154.2 1779.72
& 340.0 10200.0 5.33 159.94 1147.88
7 348.54 10813.53 5.56 172.48 1350.13
8 315.14 59769.36 4.98 154.27 1056.3
9 259.69 7790.83 3.99 119.74 1235.67
10 175.21 5431.52 2.62 81.3 1289.8
13 97.47 2924.09 145 43.4 715.24
12 73.9 2290.81 1.09 33.77 480.47
3 |Year 221.22 6728.77 3.39 103.08 341.86
AOI loss (%) Spectral effects (%) Temperature and loy Combined loss (%)
5 Fixed angle: -3.35 1.63 -5.76 -20.39

E d: Average daily energy production from the given system (kWh/d)

E_m: Average monthly energy production from the given system (kWh/mo)

H(i)_d: Average daily sum of global irradiation per square meter received by the modules of the given system (kWh/m2/d)
H(i)_m: Average monthly sum of global irradiation per square meter received by the modules of the given system (kWh,/m2/ma)

1|5D_m: Standard deviation of the monthly energy production due to year-to-year variation (kWh}
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REC Implementation

Financial Model — Task I

Suggested Task II: Model a Potential REC community

1) A Prosumer wants project leadership, has PV potential but no
willingness to invest;

2) Many consumers have no PV potential and no willingness to
invest;

3) Rooftops and landowners have PV potential but no willingness
to invest;

4) Industrial consumers may have PV potential and may have
some willingness to invest;

5) Private Equity has willingness to invest, but demand control.

'l \Vith the support of the
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REC Implementation

Financial Model — Task I

* Design a project for your REC (Task I)

* Agents: Define possibilities and respective Drives/Motivations

* Impacts: Define possible social (jobs, typically 1-2 per PV
plant) and environmental (GHG emission factors vary widely
per country) outcomes

* Financial Models for attracting Investors

Business Plan

'l \Vith the support of the
AN Erasmus+ Programme
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REC Implementation

Financial Model — Task I

Agent #1: Prosumer’s baseload diagram needed to assess how much
energy will be consumed on-site and how much will be sold

For this exercise and on the lack of timely models, we will assume 80%
of the electrical energy is to be consumed by the prosumer and 20%
will be available for sale

fgEfEE

285
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REC Implementation

Financial Model — Task I

Agent #2: Small consumer
Is the chain’s weakest link — each one has little influence

Pays the most expensive energy price
Not only one but many
Can be an influencer, an investor and a voter
EU policies are built towards his concerns
The most important Agent

Ideally, scenarios must be built considering the adoption of the REC
by large numbers of small consumers, which consume between 3
and 15 MWh per year.

9 \Vith the support of the
AN Erasmus+ Programme
* of the European Union




REC Implementation

Financial Model — Task I

Agent #3: Medium-level producer

Necessary when no large production facility can be found
Prosumer model

Agent #4: Medium-level consumer

Can be of great relevance using energy surpluses
Prosumer model

In the lack of appropriate and timely data, we can assume these
consumptions between 100 and 1500 MWh per year.

9 \Vith the support of the
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REC Implementation

Financial Model — Task I

Agent #5: Private Equity Investor

Necessary since most important agents are not willing to invest
ROI, IRR, NPV

Agent #6: Consultant / Manager

Operational expenditures

'l \Vith the support of the
Ml Erasmus+ Programme
* of the European Union




REC Implementation

Financial Model — Task I

Tariffs on the lack of substantiated data
Main Prosumer: 150€/MWh

Small Consumer: 200€/MWh
Medium or Industrial Consumer: 130€/MWh

Costs to be supported by Private Equity Investor
PV Plant: 650€/kW installed
Fee to pay to Grid Manager (usually a public entity): 40€/MWh
Fee to pay to System Manager: 24.000€/year
Fee to pay to System O&M&I: 24.000€/year

'l \Vith the support of the
Ml Erasmus+ Programme
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REC Implementation

Financial Model — GOALS

Project must be interesting to Private Equity Investor:
- Receives profits from sales to all agents

- NPV (4% rate) positive after 10 years

- IRR-20 years over 10%

Project must be interesting to Prosumers and consumers:

- At least a 10€/MWh decrease in the tariff of the Prosumer
and for the medium-level consumer and 100€ for the
small consumer

- At least one medium-level consumer and 20 small
consumers adhere to the REC

Rt \Vith the support of the
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REC Implementation

Financial Model — EXTRAS

Project may simulate several scenarios, depending on its
adoption by the community in the long-term

Solar Plant may use PV modules with special Characteristics
(monocrystalline technology); Investment rises to 750€/kW
installed but losses on the PVGIS simulation reduce to 10%
(instead of 14%)

9 \Vith the support of the
AN Erasmus+ Programme
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REC Implementation

Design and Financial Model

Any questions?

goncalo.elias@delab.pt
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