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iDistributedPV. Objetives | i

- To propose the development of integrated solutions to enhance
the large penetration of solar PV distributed generation (e.g.

households/larger buildings/park areas) in safe mode and according
to market criteria.

 To develop the concept of “prosumer”, a player that consumes and
produces electricity in his facilities, using solar PV and energy
storage equipment, and smart technologies that allow to carry out
active demand management.
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 The promising solutions will integrate solar PV generation, energy
solar PV production equipment, inverters, storage devices, smart
technologies, active demand management approaches, monitoring
strategy and procedures, grid operation procedures and criteria,
and regulatory models.

* Based on market criteria, it will propose effective approaches for
the integration of these solutions with the rest of the electricity
system: electricity demand/supply of excess of production,
provision of ancillary services, energy flows and economic flows,
operative procedures, and telecommunication standards.



iDistributedPV. The Scope e

Development of the most
promising integrated -
innovative solar PV Validation procedure based

on case studies: developed
solutions
Guidelines for the future
Technical evaluation: massive integration of solar
PV in distribution grids

* Reliability and security

Energy storage devices
= Capacity to supply

electricity and ancillary
services

Monitoring strategies and Technical topics

procedures

+

Active demand
management

Economic evaluation:

Business approaches

= Economic feasibility of
+ the solutions

= Competitive solution in
economic terms

Regulatory evaluation

Smart technologies

Regulatory alternatives:
economic and technical

Regulatory issues
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The Outputs -

= Technical recommendations for R&D providers
and manufacturers about solutions, equipment
and components and standards.

= Regulatory recommendations regarding the role
of the different players (DSO, prosumer, players
who aggregate a portfolio of prosumers, etc.) and
their revenue model.

= Regulatory recommendations focused on the
operation and control procedures for the
Integration approach of the distributed generation
with the system operation, etc.
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The Outputs -

= Business and management models for the
effective integration of distributed generation
based on solar PV.

= Economic, environmental and social impact
assessments: stakeholders, policy decision
markers, politicians and regulatory bodies.
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Prosumer Solutions.

Solar PV on the Distribution
Grid: Smart Integrated
Solutions of Distributed
Generation based on Solar
PV, Energy Storage Devices
and Active Demand
Management
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Definition s

 “A “solution” in the context of the iDistributedPV
project refers to a combination of a PV system and a
load which is connected to the distribution grid,
optionally supplemented by a battery system and/or
demand side management technology.

e A solution is also specified by the application in which
the system is operated (e.g. apartment building).

* The solutions encompass all sizes (e.g. a small PV home
storage system for own consumption increase or large
scale PV system on a retailer company’s roof), as long
as the generated electricity is (partially) consumed on
site.”



Overview

IDistributed

Solution Sub-solution

1

homeowner - single family house

company as investor

e.g. company, office building, hotel, supermarket, farm...

contractor concept

e.g. company, office building, shopping mall, hotel,
supermarket, farm...

municipal buildings
(state as investor)

e.g. schools, hospitals

controllable load

e.g. water pumping (with a water tank as storage), EV
charging

multi-family house
(investor sells electricity to
tenants)

community storage
(shared storage)

virtual power plant

e.g. peer-to-peer, FCR, SCR, energy wholesale market

10



1. Homeowner-single family house Dirbuied

e Self-consumption when
possible, excess sold to

PV electricity the grid, OptiOna”y
Sell excess electricity using feed-in /\ Sto red I n a batte ry
tariff or at the electricity market . .
‘ 11l |+ Savings due to less grid
— — = » battery . .
buy additional electricity from utility ‘ e | eCtFICIty p u rCh ase
electricit_y . .
consumption + Partial independence
from electricity service
provider

+ Contribution to the
energy system transition

11



IDistributed

2. Company as investor s

* |nvestoris consumer
e Self-consumption and grid

PV electricity Hotel feed'in pOSS|bIe
%+ Savings due to less grid
Sell excess electricity i ..
- I i electricity purchase
s o L) LR N LS Possibly reduction of peak
when needed battery d eman d
Electricity .
consumption + Gl‘een |mage

v Applicable to hotels, office
buildings, supermarkets,
other industry, trade,
commercial or service
companies, farms...

12
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3. Contractor concept =

e Contractor invests in the PV-
(battery-)system and sells
the electricity to the
building’s occupant

T T e« Consumer has savings due

Sell excess to lower electricity price at
electricity . . .
“ no financial risk

PV electricity

ity . | e Investor profits from selling
from grid O O I t . t
" — - electricity
—  Electricity * Applicable to hotels, office

consumption

buildings, supermarkets,
other industry, trade,
commercial or service
companies, farms...

13
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4. Municipal buildings s

* Municipality is investor
and consumer

+ Savings due to less

S electricity purchase
ﬂ + Public showcases can
support energy
R transition
By o e o v’ Applicable to schools,

hospitals and other
public buildings

14
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5. Controllable load =

* |nvestor is the operator of a
controllable load

PV electricity + Controllable load can be
//// adapted to the PV electricity
m——— generation -> high own

‘ consumption Consumpt|on rate pOSSlble
1 PuMmP |

] v Applicable to pumping systems

e and irrigation, electric vehicle
charging, refrigerator systemes,
sewage plants...

GRID

15
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6. Multi-family house s

* Investor sells electricity to
the residents of the

building
LL L L L :
o + Tenants have savings due to
OO > less electricity purchase
Excess, sell to pool ¢ . .
R M . + Investor profits from selling
Buy additi::;nal electricityfron? I Battery PV e|ECtriCity

the utility

+ Adding value to the
building

v’ Applicable to multi-family
buildings

16



7. Community storage (shared storage) lpitribred

« Communal storage is used
by the residents of an area

- | OWEr Specific cost of the
commonly used storage
system

- Higher own consumption
rates possible by sharing
the storage

v’ Applicable to residential or
commercial communities

17



8. Virtual power plant [

* Several renewable energy

sources are combined to a
AN o |

I it virtual power plant
=\ * The investor operates the
))L/A\ SgTyE ' ) system and sells the electricity
I i I L? g é to the market
5.+ VPP operator can maximize
D 1 profit by using the combination
of several technologies

v" Applicable to any type of
technology or as a combination
of several solutions

18



The method for

RES Energy storage

production devices

profile

sizing the
solution

characteristics

RES

consumption
target

tributed '/
-

Demand
profile
|
1

Retail I 1
electricity
price

Wholesale
electricity
market

I
Investment level
and O&M costs

Prosumer Solution Sizing Assessment

— Inputs
o Welcome to the Presumer Solution Simulation tool.
Radiation Profile
This Software has been conceived as a mean of assessment of a solar PV installation.
By using it, one can evaluate the economical impact and study the technical aspects of installing a PV
\ Demand Profile ] infrastructure.
\ Electricity Tariff ] Calcult Qutput:
\ Electricity Market Framework ] QOperation Simulation l I Results and Sizing Assessment l
\ Panels and Inverters ]
The parametrization takes into account solar radiation, demand profiles, electricity prices and the
\ Storage System ] technical parameters of storage systems, panels and inverters.
If you click on "Operation Simulation”, a window with the data to be used will pop out.
l Simulation Drivers ] Once the process is finished, you will be able to see the simulation graphics and results.

[ sae | [ om0 | | Ext |

My H
- .iqlmblltad (=1] iDistributedPV is an international project funded by the European Union under the H2020 programme De I o I tte.
-

19

simulation process

. Sizing of the solution based on

Financial return Envir:
target con

e B ]

= RES
consumption:
self production

=

I_| = Solution
performance
onm_ental Technical
e - IRR of the
project

= Environmental
impact

Software tool,
supported by
MATLAB, that
simulates the
operative of an
integrated
prosumer:
consumption,
generation and
storage

iDistributedPV



The method for sizing the solution: the inputs

Production profile

Profile based on: technical characteristics of the

iDistributed

equipment (performance), the irradiation pattern and

its volatility

Solar PV performance
level based on particular
characteristics of the
equipment

panelandinverters

— Insert data

Total efficiency [%]

PV panel size [sqm]

Nominal power per panel [W]
PV degradation rate per year [%]

Installated power capacity [k\W]

Installation Pric

Fixed price [€]
Q@) Estimated price [€/kW]

20

Panels and Inverters

User can enter the main features of the PV
installation. If some of the values of the
parameters are missing, the following default
values will be chosen by the application:

Total efficiency = 15 %

PV panel size = 1.7 sqgm

Nominal power per panel = 250 W

PV degradation rate per year=0.5 %
Installed power capacity = 20 kW
Estimated installation price = 1000 €/kW

User can enter either a fixed installation price
or an estimation based on the price per
installed kiloWatt-peak.
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The method for sizing the solution: the inputs =
Production profile
Production source, o ) A B i

different alternatives:

Estimation due to
radiation profiles:

Directly from an
Excel file (e.qg.
based on
historical data)

Directly from

,
loaded
ingon

(S ——— ) -1 [ Y4 () -

Volatility of the production

PVGIS Gather hourly information on the last 10
Library of years
irradiation Split the information in weeks

All the days in a week have a similar
profile

Simulate weekly production profile
based on this information (Monte Carlo
21s.imulation).



The method for sizing the solution: the inputs
Energy storage systems

Technical
parameters of
the equipment:

Technology

Efficiency
(losses)

Storage
capacity

Charge and
discharge
rates

Life cycle

storagesystem

iDistributed

Storage System

— Insert data
Technology
Cycle efficiency [%]
Charge rate [kW]
Discharge rate [kWW]
Capacity [kVWh]
Depth of discharge [%]
Life cycles

Degradation rate per year [%)]

Pric

Lithium ion

Q) Fixed price [€]
Estimated price [E/kWh]

Save

22

User can enter the main features of the
batteries. If some of the values of the
parameters are missing, the application will
assume the following default data from the
lithium ion batteries:

Efficiency = 90 %

Charge rate = 5.6 kW

Discharge rate = 5.6 kW

Capacity = 10.5 kWh

Depth of discharge = 80 %

Fixed installation price = 11833.8 €
Life cycles = 8000

Degradation rate per year= 1.5 %

User can enter either a fixed installation
price or an estimation based on the price per
kiloWatt hour of capacity installed.

Setting the capacity input to 0 means the
installation will not have an storage system.

Back
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The method for sizing the solution: the inputs =
The retail electricity market price

Hypothesis: the
prosumer will pay the

The method will allow to include

reductions in the fix capacity

electricity that he asRayment. — e
imports from the grid

according to the retail . =S A

e|ect r|c|ty market price ( O Enter cata manually Excel fie Default data
(at distribution level). —

The tool will allow to

upload the prices from a

MS Excel file or introduce Pl —
them directly in the cesktme oz ] 1 ;
screen. e e i
The price can be loaded cene || v

taking into consideration
hourly and seasonally
criteria.

23



The method for sizing the solution: the outputs

The average

¥ Graphics and Results

— Economic outputs

Statistical graphs

IRR

iw

| show | | Expon |

Cost of energy
purchased

Benefits obtained
from storage

Benefits obtained
from panels

Benefits obtained
from selling

IRR:
NPV:

Payback:

from the grid:

system usage:

usage:

energy to the grid:

Average data

7.06 %
€1,376.00

10.09 years

€320.454.29

£2,44545

€71,096.38

€612.24

— Technical outputs

Graphics and Results

Solar generation

Statistical graphs

-

| show | | Eqpot |

Average data

Solar generation:

Cycles of the storage

system consumed:

Energy consumed

from the grid:

Energy consumed

from storage system:

Energy consumed

from panels:

Energy sold to the

grid:

679,525.95 kWh

5,119.02 cycles

3.251,819.54 kWh

53,748.89 kKWh

660.403.85 kiWh

11.861.91 kWh

— Environmental outputs and other indicators
Statistical graphs

Reduction of carbon emissions v

| show | | Eqpot |

Average data

Reduction of carbon

emissions: 244629.34 kg
LCOE: 9.34 cts/kWh
Degree of
self-sufficiency: 17.06 %

IDistributed

Export Cash Flow

24



The method for sizing the solution: the outputs é"s‘”"“‘e"
The average

dataplot o B B cataplot o B s
IRR Energy sold to the grid
1000~ — Statistical data———————————— 100~ —— ] Statistical data
s Average B.51962 %0 Awerage 730213
80 Standard deriation 00542533 80 Standard desiation 7
70 Percentile 60 ¥ B.53833 70 Percentile 60 = 7374 86
2 60 = 60
8 sof 8 sop
o g
& 40+ L]
kg 30r-
201 20r
10+ 10k
0 | | | ) 1 L | n |
84 845 85 855 86 865 %o 6000 6500 7000 7500 8000 8500
% kWn
The main statistical parameters for the selected output are showed in this window. By pressing the download The main statistical parameters for the salected output are showed in this window. By pressing the download
button. user can obtain an excel file with the data. R button. user can obtain an excel fle with the data.
Back Back
8 dataplot =R <] B dataplot o E e
Solar generation Reduction of carbon emissions
100 —— — Statistical data——————————————— 10— — Sufisticaldata——————————————
sor PAwerage 33974 9 Awerage 122307
80 ‘Standard deviation 82,5786 80 Standard dedation 298723
TR Percentile |60 340043 70 Percentile |80~ 122416
= 0Of » OOF
8 sof 8 =of
3 s
T 4l T oo
30+ kS
20 20+
10 10+
0 1 . L . L I~ ) 0 1 I . 1 L -l |
337 3375 338 3385 339 3395 34 3405 341 3415 1214 1216 1218 122 1222 1224 1226 1228 123
KV il kgCO2 x10*
The main statistical parameters for the selected output are showed in this window. By pressing the download The main statistical parameters for the Selected output are showed in this window. By pressing the download
button_ user can obtain an excel file with the data. button, user can obtain an excel file with the data.
Back Back
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Thank you
for your attention!

Lucia Doélera

APPA. PV Project Manager
20th June 2018

idistributedpv@appa.es
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