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The scope of Deliverable D.34 is to draw up adapted proposals for smart grid operation & servicesfor
the photovoltaic Case Studies (PV-C.Ss)of the EU Heroes project, taking into consideration information
on financial cases and business models from WP4 and WP5These proposals should be considered as a
vehicle that facilitates the steady increase of renewable energy sources in traditional electric systems, as
well as their transformation into smart grids.

Energy transactions between the output of the under-study PV-C.Ssand Local Distribution Network
(LDN) are illustrated in the following figure . A P\-C.S can supply or absorb energy to/from the LDN
serving the energy balance, as it isdefined by the equilibrium of the produced PV power and PV-C. S0 s
electricity consumption.

Local Distribution
PV CS a Network (LDN)

Figure 1: Energy transactions between the output of PVs, the undestudy P\*C.S and the LDN

O

Hereinafter and for the purposes of this document, the following definitions are used:

Self-Consumption Index (S -C Index) is defined as the ratio of the self-consumed PV energy (the
part of the PV electricity that is locally consumed) to the total PVs Energy production (kWh).
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PVs Injection Index (PVI Index) is defined as the ratio of the excess PV electricity that cannot be
self-consumed immediately and therefore it is injected into the LDN (the part of the PV electricity that
is not locally consumed) to the total PVs Energy production (kwh).
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S-S Index is defined as the ratio of the self-consumed PV energy b the total electrical energy
consumption (kWh) of the PV-C.S regardless if it serviced from the LDN, the PV plant or from both of
them.
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PVs Exploitation Index (PVE Index) is defined as the ratio of the final AC energy output (kWh) of the
PV plant to that of the oO0theoreticaldé AC enengy
external set point controller that limit PVs production (curtailed operation). As curtailed operation of a
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PV plant is considered the condition where the output of the PV inverters is limited due to external

reasons such as inability of the local grid to receive the power or contractual agreement [IEC TS
61724-2:2016-1 0 , Edition 1] The otheoretical 6 final AC ¢
on the total in -plane irradiance and a good estimation of the overall conversion efficiency (conversion

of sunlight to AC power)of the PV plant.
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Typical daily profile (TD-Profile ) of the energy transactions between the the PV-C.Ss and LDNfor

each month of the reporting period. TD-Profiles illustrate the average (AVG) hourly values of the
energy transactions mentioned in figure 1, for the total days in the month concerned. In more detail,

Figure 1 illustrates the total produced PV power of a PVC.S broken down by component (self
consumed PV power and injected PV power As far as power losses on the power lines between the
output of the PV inverters, the PV-C.S and LDN are negligible, total produced PVpower is equal to the

sum of the self-consumed PV power and the injected PV power. This is a reasonable assumption for

good and qualitative PV installations. Therefore, if two of the above-mentioned energy quantities are

known the other can be computed. PV plant could be either within (e.g. many small residential PV
systems) or outside (e.g. central PV plant) of PYC. S6s ¢l ose geographical bar

General Remark |: The security and the ownership of electrical energy data raise questions concerning
not only on the safety of the electric system against malicious attacks, but alsoon
the privacy of the end users. P-C. Ss & owner s wer e hars k ed
acceptance for publishing their processed energy data. So far,only seven owners
(one from Greece,two from the Netherlands, one from Germany, one from Poland
and two from Lithuania) expressed their agreement for making public their
production and consumption data. Therefore, this report contains energy data
solely from the afore mentioned 7 PV-C.Ss The report will be updated on the 36th
month. In this regard it has to be noted that the performance evaluation of each
PV-C.S was carried out under D3.3, mainly by calculating specific monthly
performance indices such as Final Yield Index, SelConsumption Index, Self
Sufficiency Index, Capacity Utilisation Index, PVs Injection Index and PVs
Exploitation Index.

General Remark II: The number of performance data reported for each PYC.Sdepends on available
data. Generally, data from PV case studies were availabl in different time scales
(eg, minute time series, five-minute time series, quarter time series, half hour time
series). Considering the needs and requirements of Work Packages 4 and 5, typical
day profiles were deemed quite adequate for the development o f new business
models for community PV projects. These profiles correspond to the average day
of each month, build upon average hourly values. |

General Remark Ill: A monitored power gquantities are reported in the frame of awell-d e f | Pex-d 0
unit (pu) system, 6 with the nominal powieg of
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the base value of the system. All the other power quantities are specified as
multiples of the selected base value. It is recalled here that the main idea of a pu
system is to absorb large differences in absolute values into base correlations.
Therefore, the representation of the reported quantities become maore uniform.
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2.0ver view of the 11 PV case studi ecs

Nowadays, PV Energy Communities (PV ECO$ are characterized by different degree of technological
and operational maturity around Europe, as well as treated differently by national regulatory frameworks,
energy market operators, players and investors.

Therefore, EU Heroes studies and analyseseleven (11) PVC.Ssfrom 6.6kWp to 1.6MWp, focusing either
on operational PV ECOsor on PV systems which might be an essential ingredient of current or future PV
ECOs More precisely, among the eleven (11) PV/C.Ssare two primary schools from Germany and UK, two
multifunctional arts, education and/or entertainment centers from Greece and UK, one autonomous
hybrid PV ECO from Greece, one industriaimulti-RESEnergy Community from Spain, two net metering

PV household applications from Poland, and Lithuania, one feed in tariff PV system from Lithuania and

two residential complex PV ECOdrom the Netherlands. Next a very short description of each PV-C.S is
taking place.

The eleven (11) PMC.Ss of EU Heroes Pragt

2.1 Stavros Niarchos Foundation Cultural Center (SNFCOPV-C.S(Greece)

SNFCCPV-C.Sis a multifunctional arts, education and entertainment complex with a multi -storeyed
parking building, several outbuildings, dining and coffee halls, whilst a photovoltaic canopy services
part of its electricity needs. SNFCC has signed aself-consumption contract with the Distribution

Network Operator (DNO) and therefore, under normal operating conditions, PV exports to the LDN

should be minimized or reaching zero if possible. Additionally, in case of surplus produced PV energy,
no payment measures are envisaged for compensation (e.g. predefined Feedin Tariff or according to

the value of the System Margin Price).

2.2 Iveron Monastery Autonomous Hybrid PV-C.S(Greece)

Iveron Monastery hosts about 100 people, whilst it features wood, stone and marble processing
facilities, various farming activities, a restaurant and a museum There is no connection to a central
electric grid and thus lighting and electrical appliances are electrified by standalone diesel generators.
A PV system was integrated into the existing diesel systemin order to reduce the oil consumption.
Energy storage systems were not installed in order to minimize the initial cost of the PV investment. In
case there is an excess of produced PV energy, an external controller adjusts extremely quickly the
MPPT operation of each inverter (reducing the produced PV energy). Therefore, PVs production falls
under curtailed operation.
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2.3 Phoenix Centre Gridconnected PV-C.S(U.K.)

The Phoenix Centre is a community enterprise centre which is open Monday Saturday and hosts a
community <caf ®, affordable childcare servi cnees,
rooms, and a variety of other activities and events for the local community. The Phoenix Centre is
connected to the LDN whilst a photovoltaic system servicespart of its electricity needs. The PV system
was installed by local solar PV Cooperative whichreceives the Feedin Tariff generation and deemed
export (50% of generation) payments for the electricity generated and in exchange provides the
Centre with free electricity

2.4 Ysgol y Bedol Gridconnected PV-C.S(U.K.)

Ysgol y Bedol is a large primary school owned bya local authority and run by a board of governors .
Ysgol y Bedol is connected to the LDN whilst a photovoltaic system services part of its electricity
needs. The PV system was installed bya local solar PV Cooperative whichhas entered into a Power
Purchase Agreement with a licensed electricity supplier for payment of the electricity exported to the
distribution network. In addition to income earned through the Power Purchase Agreement, the
cooperative receives the Feedin Tariff generation payments for the electricity generated. Any
electricity used by Ysgol y Bedol, is used free of charge

2.5 Industrial multi-RES Factory microgid (Spain)

Industrial multi -Renewable Energy Sources (RES-C.Sis a full-scale industrial smart-grid that features

a wind turbine, PVs, electrochemical energy storage system and several bidirectional charging points
for electrical vehicles. The operation principle of the Industrial multi -RESC.Sis based on the self-

consumption o f RES. It is noted that Energy Storage
operation were omitted, because their setting up has not yet been fully completed.

2.6 Collegepark Zwijsen Grid ConnectedPV-C.S(The Netherlands)

Collegepark Zwijsen Grid Connected PV-C.Sis a residential complex consisting of 115 apartments.

Part of PV-C.Selectrical needs are serviced by a PV system installed on roofs. Considering that this
project is under construction, only a part of the PV system and apatments are in operation. All

apartments of the Collegepark Zwijsen Grid Connected PV-C.Shave balanced ventilation with energy

recovery and an airto-air heat pump and hot fill facilities for dish washer and washing machine.

Owners were guaranteed a zercenergy bill for the first three years. Project has given experimental

exemption of the Electricity Law. Batteries were not installed at the site and any electricity which is

generated and is not used by the PV-C.Sis exported onto the local distribution net work.

2.7 Aardehuizen-Olst PV-C.S(The Netherlands)

Aardehuizen-Olst PV-C.Scomposed of 23 Zero Energy dwellings and a community centre that make
optimal use of local existing waste materials, and natural resources, reducing notably the carbon
footprint of theresi dents. A notable part of communityads
systems, installed mainly on roofs. The community is equipped with own water supply and sanitation
and sewage system. All buildings are designed to minimize their heating needs, by focusing on the
optimal use of thermal mass. AardehuizenOlst PV-C.Soperates with experimental exemption from

Sy
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the Electricity law and therefore owners-union is allowed to supply electricity to their members and
has balance responsibility, building upon solar PVs, Demand Side management and energy storage
system. For the time being, all buildings are connected to the LDN, using it as a means for balancing
the instantaneous differences between local consumption and generation.

2.8 Net-metering Passive Residence with PVéPoland)

Passive Residence with PVs is a grid connected, net metering, rooftop PV installation which services
the annual electrical needs of the residence. Although PVs power is for selfconsumption use, the
surplus of produced PV energy is allowed to be injected to the electrical grid without a fixed tariff.
Instead, the regulatory framework gives prosumers the opportunity to receive up to 80% of the
energy fed into the grid , without any charge.

2.9 Net-metering PV Residence(Lithuania)

Net-metering PV Residence covers its energy needs (including thermal needs) by exploiting the
produced energy from a small PV system. PV g/stem is connected to the LDN using the net-metering

option. Rules of net-metering foresee that if not all electricity is consumed directly, surplus of
electricity can be o0fedod6 to the grid and tsewiecer ned
consumer pays some fee to the grid operator, which is approved annually by the national agency for

energy and prices control.

210 Feedin tariff PV System (Lithuania)

This Feedin tariff PV station was built by a private person. Purpose of this station was to get most of

the possibilities of feed-in tariff system for commercial purposes. In order to compromise Feed-in

tariff PV systemswith PV community concept, it was decided to correlate the energy production of

the under-study system with the electrical consumption of an hypothetical/theoretical Aggregated

Households Community (AHC) representing 30 households. In view of the specific exercise, the
electricity consumption profile of the abovementioned community was calculated by using the

national electricity consumption profile of a typical household, which serves heating energy needs

with conventional fuels and not with electric power.

2.11 Grid-connected Primary school PV-C.S(Gemany)

Grid-connected Primary school PV-C.Sis connected to the LDN whilst a photovoltaic system services
part of its electricity needs. The PV system is owned and run by alocal energy cooperative. In order to
have the system installed on the local school the energy cooperative is leasing the roof from the
municipality. The grid connected PV system is set up in a way that some of the electricity that is being
generated is consumed directly by the school itself and the surplus energy gets fed into the grid,
receiving a feed-in tariff
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3.Typi cal Day profi ISes of the 7 PV

3.1. Net-metering Passi ve Resi dence with PVs(Pdland) Dnbr

The next five tables and figures present the typical daily profiles of the: a) Passive Residence total
electrical power consumption, b) total produced PV Power, c) Selfconsumed PV Power, d)Injected PV
Power and e) Power fed by the LDN.A pu system was introduced with the nominal power of the in stalled

PV system consising the base value of the system (9.75 kW). All the other reported power quantities are

specified as multiples of the selected base value.

PV-C.S total electrical power consumption [pu] (Typical Day profiles)

m 0.101 0.119 0.143 0.076 0.052 0.089 0.062 0.058 0.067 0.065 0.071 0.103
-I 0.055 ” 0.060 ” 0.091 || 0.066 || 0.037 ” 0.043 ” 0.049 H 0.051 ” 0.049 ” 0.034 H 0.037 ” 0.048 |
I 0.060 ” 0.046 ” 0.077 || 0.057 || 0.029 ” 0.029 ” 0.047 H 0.037 ” 0.048 ” 0.030 H 0.033 ” 0.036 |
‘ 0.048 0.046 0.080 0.060 0.029 0.032 0.040 0.041 0.042 0.028 0.032 0.035
‘ 0.051 0.046 0.084 0.058 0.027 0.035 0.038 0.032 0.040 0.027 0.033 0.033
‘ 0.050 0.054 0.084 0.060 0.031 0.032 0.039 0.039 0.045 0.027 0.034 0.033
m‘ 0.121 0.180 0.182 0.116 0.056 0.042 0.054 0.056 0.066 0.077 0.110 0.116
‘ 0.151 0.284 0.247 0.121 0.085 0.118 0.078 0.089 0.124 0.156 0.171 0.151
‘ 0.192 0.293 0.285 0.100 0.070 0.103 0.090 0.098 0.089 0.123 0.186 0.170
m‘ 0.189 0.272 0.231 0.073 0.058 0.089 0.086 0.092 0.103 0.090 0.169 0.166
’ 0.167 ” 0.296 ” 0.202 || 0.071 || 0.075 ” 0.097 ” 0.090 H 0.090 ” 0.071 ” 0.100 H 0.138 ” 0.157 |
’ 0.139 ” 0.248 ” 0.149 || 0.072 || 0.061 ” 0.070 ” 0.107 H 0.090 ” 0.094 ” 0.083 H 0.141 ” 0.154 |
I 0.135 ” 0.219 ” 0.138 || 0.054 || 0.050 ” 0.084 ” 0.095 H 0.080 ” 0.086 ” 0.081 H 0.085 ” 0.117 |
I 0.126 ” 0.208 ” 0.142 || 0.057 || 0.061 ” 0.079 ” 0.096 H 0.089 ” 0.090 ” 0.058 H 0.097 ” 0.128 |
I 0.138 ” 0.178 ” 0.121 || 0.058 || 0.061 ” 0.079 ” 0.114 H 0.085 ” 0.076 ” 0.058 H 0.109 ” 0.138 |
‘ 0.131 0.204 0.126 0.044 0.057 0.071 0.097 0.087 0.129 0.073 0.108 0.130
‘ 0.161 0.195 0.120 0.056 0.062 0.093 0.104 0.080 0.121 0.056 0.108 0.113
‘ 0.157 0.218 0.141 0.052 0.064 0.080 0.105 0.087 0.096 0.075 0.121 0.138
‘ 0.169 0.257 0.188 0.087 0.077 0.080 0.104 0.119 0.094 0.117 0.150 0.157
‘ 0.189 0.274 0.218 0.114 0.103 0.088 0.120 0.127 0.105 0.137 0.179 0.136
‘ 0.189 0.280 0.262 0.130 0.105 0.123 0.132 0.092 0.146 0.169 0.166 0.146
‘ 0.201 0.336 0.291 0.152 0.131 0.129 0.132 0.125 0.145 0.210 0.235 0.166
’ 0.213 0.280 0.293 0.159 0.144 0.174 0.130 0.105 0.110 0.144 0.182 0.159
’ 0.181 0.238 0.208 0.098 0.090 0.104 0.096 0.059 0.085 0.090 0.131 0.160

Table | : Typical Daily Profile of total electrical consumption for thePassive Residenceith PVsi n Dnbr owa
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Figure 1: Typical Daily Profile of total electrical consumption for the Passive Residenedth PVsi n Dnbr owa

Total produced PV Power [pu] (Typical Day profiles)

-- Septen’]ber

0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 |
0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 |
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.011 0.001 0.011 0.020 0.019 0.004 0.000 0.000 0.000 0.000
0.000 0.000 0.070 0.024 0.070 0.074 0.077 0.046 0.013 0.000 0.000 0.000
0.000 0.025 0.207 0.143 0.207 0.200 0.187 0.161 0.120 0.012 0.003 0.000
0.010 0.107 0.374 0.310 0.374 0.329 0.316 0.320 0.278 0.071 0.030 0.008
0.053 ” 0.166 ” 0.509 H 0.466 ” 0.509 ” 0.444 ” 0.439 H 0.446 ” 0.390 H 0.142 ” 0.066 H 0.034 |
0.096 ” 0.213 ” 0.617 H 0.566 ” 0.617 ” 0.512 ” 0.478 H 0.519 ” 0.490 H 0.190 ” 0.097 H 0.055 |
0.120 ” 0.232 ” 0.652 H 0.671 ” 0.652 ” 0.546 ” 0.531 H 0.526 ” 0.514 H 0.229 ” 0.115 H 0.081 |
0.130 ” 0.219 ” 0.661 H 0.649 ” 0.661 ” 0.564 ” 0.566 H 0.540 ” 0.514 H 0.242 ” 0.132 H 0.098 |
0.119 ” 0.218 ” 0.613 H 0.644 ” 0.613 ” 0.537 ” 0.540 H 0.469 ” 0.501 H 0.223 ” 0.100 H 0.076 |
0.061 0.139 0.525 0.597 0.525 0.493 0.474 0.437 0.411 0.208 0.049 0.036
0.016 0.082 0.455 0.453 0.455 0.371 0.367 0.356 0.318 0.140 0.011 0.006
0.000 0.019 0.330 0.313 0.330 0.306 0.265 0.255 0.186 0.069 0.000 0.000
0.000 0.001 0.176 0.147 0.176 0.185 0.144 0.135 0.073 0.016 0.000 0.000
0.000 0.000 0.063 0.046 0.063 0.081 0.067 0.044 0.013 0.000 0.000 0.000
0.000 0.000 0.028 0.011 0.028 0.046 0.034 0.013 0.000 0.000 0.000 0.000
0.000 0.000 0.006 0.000 0.006 0.017 0.007 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table |1: Typical Daily Profile of total produced P\Wowerfor the Passive Residenceith PVsi n Dnbr owa

Pilot system Adapted reports i Deliverable 3.4 Page 10 of 103

November 2019




This project has received funding from the
Euwopean Union's Horizon 2020 research
and innovalion programme undar grant
agresment No 764805

1.00

[pu]
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20

0.10

0.00

Total PVs Power Production (TD-profiles)

0:00 1:12 2:24 336 4148 6:00 7:12 824 9:36  10:48 12:00 13:12 14:24 15:36 16:48 18:00 19:12 20:24 21:36 22:48 0:00
— e January @ February e March @ A e May June
— e JUly — e ALIQUST @ September g October @ NOovember @ December

Figure 2: Typical Daily Profile of total produced PV Power for the Passive Residenséh PVsi n

DAabr owa

Self-consumed PV Power [pu] (Typical Day profiles)

December

m’W 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
‘ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
‘ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
‘ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
m’ 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.001 ” 0.001 ” 0.000 ” 0.000 ” 0.000 H 0.000 H 0.000 ‘
’ 0.000 ” 0.000 ” 0.010 ” 0.001 ” 0.010 ” 0.017 ” 0.017 ” 0.004 ” 0.000 ” 0.000 H 0.000 H 0.000 ‘
ml 0.000 ” 0.000 ” 0.032 ” 0.018 ” 0.032 ” 0.034 ” 0.040 ” 0.029 ” 0.011 ” 0.000 H 0.000 H 0.000 ‘
I 0.000 ” 0.024 ” 0.062 ” 0.056 ” 0.062 ” 0.089 ” 0.065 ” 0.073 ” 0.075 ” 0.010 H 0.003 H 0.000 ‘
I 0.010 ” 0.085 ” 0.061 ” 0.080 ” 0.061 ” 0.091 ” 0.082 ” 0.089 ” 0.081 ” 0.042 H 0.028 H 0.008 ‘
‘ 0.042 0.124 0.058 0.062 0.058 0.080 0.079 0.082 0.087 0.053 0.053 0.029
N ‘ 0.071 0.142 0.074 0.059 0.074 0.089 0.085 0.086 0.066 0.058 0.050 0.047
‘ 0.075 0.137 0.061 0.063 0.061 0.069 0.104 0.088 0.090 0.054 0.052 0.056
‘ 0.072 0.121 0.050 0.044 0.050 0.083 0.092 0.077 0.081 0.047 0.042 0.054
‘ 0.065 0.112 0.059 0.046 0.059 0.075 0.092 0.086 0.088 0.035 0.040 0.043
‘ 0.042 0.087 0.059 0.046 0.059 0.074 0.109 0.078 0.074 0.039 0.025 0.025
0.065 0.055 0.041 0.055 0.068 0.085 0.084 0.110 0.042 0.009 0.005
0.017 ” 0.057 ” 0.047 ” 0.057 ” 0.087 ” 0.098 ” 0.075 ” 0.095 ” 0.024 H 0.000 H 0.000 ‘
0.001 ” 0.053 ” 0.038 ” 0.053 ” 0.068 ” 0.082 ” 0.071 ” 0.051 ” 0.011 H 0.000 H 0.000 ‘
0.000 ” 0.038 ” 0.031 ” 0.038 ” 0.050 ” 0.053 ” 0.039 ” 0.013 ” 0.000 H 0.000 H 0.000 ‘
0.000 ” 0.025 ” 0.010 ” 0.025 ” 0.036 ” 0.032 ” 0.012 ” 0.000 ” 0.000 H 0.000 H 0.000 ‘
0.000 ” 0.006 ” 0.000 ” 0.006 ” 0.016 ” 0.007 ” 0.000 ” 0.000 ” 0.000 H 0.000 H 0.000 ‘
0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
- I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 11l : Typical Daily Profile of seifconsumed PV Power for the Passive Residenaéth PVsi n

DAbr owa
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Figure 3: Typical Daily Profile of selfconsumed PV Power for the PassivResidencenith PVsi n Dnhbr owa

Injected PV Power [pu] (Typical Day profiles)

September

mn 0.000 H 0.000 H 0.000 H 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 ” 0.000 |
0.000 H 0.000 H 0.000 H 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 ” 0.000 |
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.001 0.000 0.001 0.003 0.002 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.039 0.006 0.039 0.040 0.038 0.017 0.002 0.000 0.000 0.000
0.000 0.001 0.144 0.087 0.144 0.111 0.122 0.087 0.045 0.002 0.000 0.000
0.000 0.022 0.313 0.230 0.313 0.238 0.234 0.231 0.197 0.029 0.003 0.000
0.010 H 0.042 H 0.451 H 0.405 H 0.451 ” 0.364 ” 0.360 ” 0.363 ” 0.302 H 0.089 ” 0.013 ” 0.004 |
0.025 H 0.071 H 0.542 H 0.507 H 0.542 ” 0.424 ” 0.393 ” 0.433 ” 0.424 H 0.131 ” 0.047 ” 0.008 |
0.045 H 0.095 H 0.591 H 0.608 H 0.591 ” 0.477 ” 0.427 ” 0.438 ” 0.424 H 0.175 ” 0.064 ” 0.025 |
0.058 H 0.097 H 0.611 H 0.605 H 0.611 ” 0.480 ” 0.474 ” 0.463 ” 0.434 H 0.196 ” 0.090 ” 0.044 |
0.055 H 0.105 H 0.554 H 0.598 H 0.554 ” 0.461 ” 0.448 ” 0.383 ” 0.414 H 0.188 ” 0.060 ” 0.033 |
0.020 0.051 0.467 0.551 0.467 0.419 0.365 0.359 0.338 0.169 0.024 0.010
0.002 0.017 0.400 0.412 0.400 0.303 0.283 0.272 0.208 0.097 0.002 0.000
0.000 0.002 0.273 0.266 0.273 0.219 0.167 0.180 0.092 0.045 0.000 0.000
0.000 0.000 0.123 0.108 0.123 0.117 0.062 0.064 0.022 0.006 0.000 0.000
0.000 0.000 0.025 0.015 0.025 0.031 0.014 0.004 0.001 0.000 0.000 0.000
0.000 0.000 0.003 0.001 0.003 0.010 0.002 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table IV: Typical Daily Profile of injected PV Power for the Passive Residensgh PVsi n Dnbr owa
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Figure 4: Typical Daily Profile of injected PWowerfor the Passive Residenceith PVsi n

Time
stamp

Power fed by the LDN [kWI ypical Day profiles)

--

e

14:00

0.101 0.119 0.052 0.076 0.052 0.089 0.062 0.058 0.067 0.065 0.071 0.103
0.055 0.060 0.037 0.066 0.037 0.043 0.049 0.051 0.049 0.034 0.037 0.048
0.060 0.046 0.029 0.057 0.029 0.029 0.047 0.037 0.048 0.030 0.033 0.036
0.048 0.046 0.029 0.060 0.029 0.032 0.040 0.041 0.042 0.028 0.032 0.035
0.051 H 0.046 ” 0.026 || 0.058 ” 0.026 ” 0.034 H 0.037 || 0.032 ” 0.040 ” 0.027 || 0.033 ” 0.033 ‘
0.050 H 0.054 ” 0.021 || 0.060 ” 0.021 ” 0.015 H 0.022 || 0.035 ” 0.045 ” 0.027 || 0.034 ” 0.033 ‘
0.121 H 0.180 ” 0.025 || 0.097 ” 0.025 ” 0.009 H 0.014 || 0.027 ” 0.055 ” 0.077 || 0.110 ” 0.116 l
0.151 H 0.260 ” 0.023 || 0.065 ” 0.023 ” 0.029 H 0.013 || 0.015 ” 0.049 ” 0.146 || 0.168 ” 0.151 l
0.182 H 0.208 ” 0.009 || 0.020 ” 0.009 ” 0.012 H 0.008 || 0.009 ” 0.008 ” 0.081 || 0.158 ” 0.163 l
0.146 0.148 0.000 0.012 0.000 0.010 0.007 0.010 0.015 0.037 0.116 0.137
0.096 0.154 0.000 0.013 0.000 0.008 0.005 0.004 0.005 0.041 0.088 0.110
0.064 0.111 0.001 0.009 0.001 0.001 0.002 0.002 0.004 0.030 0.090 0.098
0.063 0.097 0.000 0.010 0.000 0.001 0.002 0.003 0.005 0.034 0.043 0.063
0.061 0.096 0.002 0.011 0.002 0.003 0.005 0.003 0.003 0.024 0.057 0.085
0.096 0.091 0.003 0.012 0.003 0.005 0.005 0.007 0.003 0.019 0.084 0.113
0.117 0.139 0.002 0.003 0.002 0.003 0.012 0.002 0.020 0.031 0.099 0.125
0.160 H 0.178 ” 0.005 || 0.009 ” 0.005 ” 0.006 H 0.006 || 0.005 ” 0.026 ” 0.032 || 0.108 ” 0.113 ‘
0.157 H 0.217 ” 0.011 || 0.014 ” 0.011 ” 0.012 H 0.023 || 0.016 ” 0.045 ” 0.064 || 0.121 ” 0.138 ‘
0.169 H 0.257 ” 0.039 || 0.056 ” 0.039 ” 0.029 H 0.051 || 0.079 ” 0.082 ” 0.117 || 0.150 ” 0.157 ‘
0.189 H 0.274 ” 0.078 || 0.103 ” 0.078 ” 0.052 H 0.088 || 0.115 ” 0.105 ” 0.137 || 0.179 ” 0.136 ‘
0.189 H 0.280 ” 0.099 || 0.130 ” 0.099 ” 0.107 H 0.125 || 0.092 ” 0.146 ” 0.169 || 0.166 ” 0.146 ‘
0.201 0.336 0.131 0.152 0.131 0.128 0.132 0.125 0.145 0.210 0.235 0.166
0.213 0.280 0.144 0.159 0.144 0.174 0.130 0.105 0.110 0.144 0.182 0.159
0.181 0.238 0.090 0.098 0.090 0.104 0.096 0.059 0.085 0.090 0.131 0.160

Table V: Typical Daily Profile of power fed by the LDN for thePassive Residenceith PVsi n DA br owa
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Figure 5: Typical Daily Profile ofpower fed by the LDN for the Passive Residerewith PVsi n

Danbr owa

Figures 6 illustrates the typical hourly allocation of PV-C. S 6 spoweo dorsslimption for each month of
the reporting period. Both LDN and PVs hourly contributions are divided with the corresponding hourly
value of the PV-C.S total electricalpower consumption and thus their sum is always equal to unit. After a
careful analysis of Figure 6 it is concluded that, even in the case where the energy transactions are
considered as hourly values, there are time intervals (particularly during spring and summer) where the
energy needs of the P\AC.S are serviced by PVs in high rates (almst around 100%).

[pu) Hourly Allocation of PV -C.S total electricity consumption (TD  -profiles) [pul Hourly Allocation of PV -C.S total electricity consumption (TD ~ -profiles) [pu) Hourly Allocation of PV -C.S total electricity consumption (TD ~ -profiles)
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Figure 6: Hourly Allocation of P\-C.S totalelectricidal power consumption for each month of the reporting period
(TD-profiles)

Figures 7 illustrates the typical day profiles of the total PVs production broken down by component
(self-consumed & injected PV Power). Both components of hourly contributions are divided with the

corresponding hourly value of the total PVs production and thus their sum is always equal to unit. After a
careful analysis of Figure 7 it is concluded that both PVs production components are comparable almost
throughout the reported period .

o] PVs production broken down by component (self  -consumed & injected PV Power) ) PVs production broken down by component seff  -consumed & injected PV Power) ) PVs production broken down by component (self ~ -consumed & injected PV Power)
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Figure 7: Typical day profiles of the total PVs production broken down by component
(selfconsumed & injected PVPowel)
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3.2. Net-metering PV Residence in Bukciai (Lithuania)

The next five tables and figures present the typical daily profiles of the: a) PV Residencetotal electrical

This project has received funding from the
Euwopean Union's Horizon 2020 research

and inmovalion programme under grant
agresment No 764805

power consumption, b) total produced PV Power, c) Selfconsumed PV Power, d) Injected PV Power and

e) Power fed by the LDN. A pu system was introdwced with the nominal power of the installed PV system
consisting the base value of the systemm (6.6 kW). All the other reported power quantities are specified

as multiples of the selected base value.

) ) B i

PV-C.S total electrical power co

“‘ 0.086 H 0.176 ” 0.178 ” 0.077 0.059 || 0.043 ” 0.042 0.049 H 0.044 0.147 0.125 || 0.133 |
-‘ 0.058 H 0.089 ” 0.140 ” 0.055 || 0.041 || 0.036 ” 0.033 ” 0.035 H 0.035 ” 0.050 H 0.055 || 0.070 |
-‘ 0.122 H 0.068 ” 0.178 ” 0.053 || 0.063 || 0.054 ” 0.047 ” 0.050 H 0.062 ” 0.102 H 0.114 || 0.145 |
-‘ 0.153 H 0.068 ” 0.184 ” 0.112 || 0.130 || 0.095 ” 0.126 ” 0.154 H 0.118 ” 0.105 H 0.128 || 0.173 |

4:00 0.375 0.068 0.413 0.163 0.164 0.079 0.100 0.095 0.067 0.101 0.221 0.361

5:00 0.498 0.080 0.518 0.395 0.145 0.062 0.053 0.062 0.120 0.329 0.411 0.558
“ 0.713 0.266 0.756 0.473 0.173 0.089 0.057 0.072 0.141 0.531 0.624 0.824

7:00 0.419 0.419 0.384 0.332 0.099 0.054 0.055 0.057 0.109 0.414 0.428 0.525

8:00 0.194 0.432 0.274 0.177 0.071 0.062 0.050 0.045 0.093 0.271 0.246 0.275
“ 0.204 0.402 0.236 0.117 0.143 0.108 0.084 0.091 0.071 0.229 0.225 0.267
0.195 0.437 0.286 0.152 0.173 0.131 0.109 0.135 0.069 0.175 0.189 0.237
‘ 0.248 H 0.367 ” 0.220 ” 0.136 || 0.146 || 0.103 ” 0.081 ” 0.115 H 0.064 ” 0.151 H 0.197 || 0.273 |
‘ 0.205 H 0.323 ” 0.167 ” 0.103 || 0.118 || 0.253 ” 0.180 ” 0.250 H 0.206 ” 0.116 H 0.157 || 0.222 |
‘ 0.182 H 0.308 ” 0.134 ” 0.091 || 0.083 || 0.205 ” 0.177 ” 0.257 H 0.170 ” 0.123 H 0.151 || 0.205 |
‘ 0.206 H 0.263 ” 0.168 ” 0.068 || 0.085 || 0.159 ” 0.145 ” 0.190 H 0.101 ” 0.093 H 0.144 || 0.214 |
‘ 0.352 H 0.301 ” 0.224 ” 0.059 || 0.075 || 0.099 ” 0.153 ” 0.130 H 0.082 ” 0.107 H 0.215 || 0.344 |
0.502 0.288 0.474 0.151 0.144 0.127 0.166 0.095 0.086 0.162 0.312 0.495
0.561 0.322 0.596 0.264 0.158 0.156 0.179 0.080 0.084 0.232 0.380 0.574
0.600 0.380 0.586 0.204 0.122 0.093 0.162 0.106 0.090 0.231 0.396 0.607
0.607 0.405 0.607 0.177 0.139 0.064 0.113 0.094 0.093 0.227 0.397 0.611
0.553 0.413 0.594 0.191 0.110 0.060 0.112 0.091 0.104 0.242 0.382 0.571
0.605 0.497 0.483 0.238 0.163 0.059 0.123 0.085 0.111 0.246 0.407 0.617
0.514 0.414 0.361 0.131 0.179 0.060 0.074 0.079 0.059 0.134 0.300 0.494
‘ 0.225 H 0.352 ” 0.218 ” 0.178 || 0.090 || 0.058 ” 0.050 ” 0.063 H 0.054 ” 0.115 H 0.165 || 0.239

Table I: Typical Daily Profile of total electrical consumption for thenet-metering PV Residencén Bukciai

November 2019



This project has received funding from the
Euwopean Union's Horizon 2020 research
and innovalion programme undar grant
agresment No 764805

1.00

000 [pu] Total Electric Power Consumption (TD -profiles)

0:00 1:00 2:00 3:00 4:.00 500 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

— JaNUAry — [-ebruary @ \arch e Al — e QY = June
— e J Uy — e ALGUSE =@ September g October @ NOovember @ December

Figure 1: Typical Daily Profile of total electrical consumption for thenet-metering PV Residencén Bukciai

Total produced PV Power [pu] (Typical Day profiles)

H . ” 0.000 ” 0.000 || 0.000 || 0.000 ” . ” H 0.000 ” 0.000 H 0.000 || 0.000 |

0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |

0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |

0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |

0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.011 0.001 0.011 0.020 0.012 0.003 0.000 0.000 0.000 0.000
0.000 0.037 0.046 0.021 0.046 0.053 0.046 0.024 0.010 0.000 0.000 0.000
0.000 0.158 0.143 0.089 0.143 0.130 0.102 0.085 0.066 0.009 0.000 0.002
0.006 0.245 0.277 0.203 0.277 0.239 0.170 0.179 0.155 0.058 0.012 0.045
0.021 0.315 0.405 0.289 0.405 0.395 0.309 0.324 0.248 0.131 0.037 0.055
0.033 0.343 0.483 0.367 0.483 0.502 0.367 0.452 0.337 0.197 0.061 0.050

0.048 H 0.323 ” 0.619 ” 0.444 || 0.619 || 0.595 ” 0.394 ” 0.509 H 0.452 ” 0.246 H 0.070 || 0.045 |

0.047 H 0.322 ” 0.643 ” 0.508 || 0.643 || 0.603 ” 0.421 ” 0.600 H 0.490 ” 0.300 H 0.058 || 0.050 |

0.032 H 0.205 ” 0.675 ” 0.521 || 0.675 || 0.608 ” 0.450 ” 0.574 H 0.435 ” 0.293 H 0.044 || 0.020 |

0.011 H 0.121 ” 0.595 ” 0.450 || 0.595 || 0.512 ” 0.429 ” 0.526 H 0.386 ” 0.243 H 0.031 || 0.000 |

0.000 H 0.028 ” 0.481 ” 0.352 || 0.481 || 0.458 ” 0.439 ” 0.410 H 0.261 ” 0.145 H 0.020 || 0.000 |
0.000 0.001 0.364 0.232 0.364 0.393 0.323 0.285 0.154 0.069 0.000 0.000
0.000 0.000 0.226 0.126 0.226 0.283 0.215 0.187 0.060 0.006 0.000 0.000
0.000 0.000 0.072 0.029 0.072 0.140 0.095 0.075 0.008 0.000 0.000 0.000
0.000 0.000 0.009 0.001 0.009 0.038 0.034 0.010 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.008 0.005 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 11: Typical Daily Profile of total produced PV Power for thenet-metering PV Residencén Bukciali
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Figure 2: Typical Daily Profile of total produced PV Power for the neimetering PV Residence in Bukciai

umed PV Power [pu]

Sel

H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.011 0.001 0.011 0.017 0.012 0.002 0.000 0.000 0.000 0.000
0.000 0.036 0.031 0.019 0.031 0.022 0.029 0.019 0.009 0.000 0.000 0.002
0.000 0.125 0.054 0.054 0.054 0.034 0.038 0.036 0.042 0.008 0.012 0.045
0.005 0.183 0.126 0.072 0.126 0.085 0.075 0.080 0.056 0.034 0.037 0.055
0.016 0.210 0.154 0.107 0.154 0.086 0.098 0.128 0.069 0.051 0.061 0.050
0.019 0.202 0.137 0.091 0.137 0.097 0.073 0.113 0.063 0.058 0.070 0.045
0.020 H 0.179 ” 0.113 ” 0.079 || 0.113 || 0.235 ” 0.167 ” 0.247 H 0.206 ” 0.069 H 0.058 || 0.050 |
0.013 H 0.166 ” 0.081 ” 0.059 || 0.081 || 0.160 ” 0.167 ” 0.227 H 0.170 ” 0.051 H 0.044 || 0.020 |
0.014 H 0.129 ” 0.084 ” 0.055 || 0.084 || 0.152 ” 0.131 ” 0.174 H 0.100 ” 0.047 H 0.031 || 0.000 |
0.007 H 0.096 ” 0.071 ” 0.014 || 0.071 || 0.093 ” 0.140 ” 0.116 H 0.050 ” 0.047 H 0.020 || 0.000 |
0.000 H 0.025 ” 0.124 ” 0.054 || 0.124 || 0.118 ” 0.146 ” 0.087 H 0.016 ” 0.040 H 0.000 || 0.000 |
0.000 0.001 0.140 0.061 0.140 0.152 0.127 0.065 0.007 0.035 0.000 0.000
0.000 0.000 0.093 0.029 0.093 0.086 0.082 0.055 0.001 0.005 0.000 0.000
0.000 0.000 0.051 0.013 0.051 0.061 0.052 0.036 0.002 0.000 0.000 0.000
0.000 0.000 0.009 0.001 0.009 0.032 0.023 0.009 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.008 0.005 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table Ill: Typical Daily Profile of selfconsumed PVPowerfor the net-metering PV Residencén Bukciai
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Figure 3: Typical Daily Profile of selfconsumed PVPowerfor the net-metering PV Residencén Bukciai
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Injected PV Power [pu] (Typical profiles
“‘ H . ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 ” 0.000 |
‘ 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 ” 0.000 |
‘ 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 ” 0.000 |
-‘ 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 ” 0.000 |
-‘ 0.000 H 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 ” 0.000 |
- 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
“ 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.000
- 0.000 0.002 0.014 0.001 0.014 0.031 0.017 0.005 0.000 0.000 0.000 0.000
- 0.000 0.033 0.089 0.035 0.089 0.096 0.064 0.048 0.023 0.001 0.000 0.000
“ 0.001 0.061 0.151 0.132 0.151 0.153 0.096 0.100 0.099 0.024 0.000 0.000
0.005 0.105 0.251 0.182 0.251 0.310 0.210 0.196 0.179 0.080 0.000 0.000
0.014 0.141 0.347 0.276 0.347 0.405 0.294 0.339 0.274 0.138 0.000 0.000
‘ 0.028 H 0.144 ” 0.506 ” 0.364 ” 0.506 ” 0.360 ” 0.227 ” 0.262 H 0.245 ” 0.177 H 0.000 ” 0.000 |
‘ 0.034 H 0.156 ” 0.562 ” 0.449 ” 0.562 ” 0.444 ” 0.254 ” 0.373 H 0.319 ” 0.249 H 0.000 ” 0.000 |
‘ 0.018 H 0.076 ” 0.591 ” 0.465 ” 0.591 ” 0.456 ” 0.320 ” 0.400 H 0.335 ” 0.246 H 0.000 ” 0.000 |
‘ 0.004 H 0.025 ” 0.524 ” 0.437 ” 0.524 ” 0.419 ” 0.289 ” 0.410 H 0.336 ” 0.196 H 0.000 ” 0.000 |
‘ 0.000 H 0.003 ” 0.357 ” 0.298 ” 0.357 ” 0.340 ” 0.292 ” 0.322 H 0.245 ” 0.105 H 0.000 ” 0.000 |
0.000 0.000 0.225 0.171 0.225 0.241 0.196 0.221 0.147 0.034 0.000 0.000
0.000 0.000 0.133 0.098 0.133 0.197 0.132 0.133 0.059 0.002 0.000 0.000
- 0.000 0.000 0.020 0.016 0.020 0.079 0.044 0.039 0.006 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.005 0.012 0.001 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 1V: Typical Daily Profile of injected PV Power for thenet-metering PV Residencén Bukciai
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Figure 4: Typical Daily Profile of injected PV Power for thenet-metering PV Residencén Bukciali

Power fed by the LDN [k pical Day profiles)

20:00

H 0.176 ” 0.059 ” 0.077 || 0.059 || 0.043 ” 0.042 ” . H 0.044 ” 0.147 H 0.125 || 0.133 |
0.058 H 0.089 ” 0.041 ” 0.055 || 0.041 || 0.036 ” 0.033 ” 0.035 H 0.035 ” 0.050 H 0.055 || 0.070 |
0.122 H 0.068 ” 0.063 ” 0.053 || 0.063 || 0.054 ” 0.047 ” 0.050 H 0.062 ” 0.102 H 0.114 || 0.145 |
0.153 H 0.068 ” 0.130 ” 0.112 || 0.130 || 0.095 ” 0.126 ” 0.154 H 0.118 ” 0.105 H 0.128 || 0.173 |
0.375 H 0.068 ” 0.164 ” 0.163 || 0.164 || 0.079 ” 0.100 ” 0.095 H 0.067 ” 0.101 H 0.221 || 0.361 |
0.498 0.080 0.145 0.395 0.145 0.060 0.053 0.062 0.120 0.329 0.410 0.558
0.713 0.266 0.162 0.472 0.162 0.072 0.046 0.069 0.141 0.531 0.612 0.822
0.419 0.383 0.067 0.313 0.067 0.032 0.027 0.037 0.099 0.414 0.391 0.479
0.194 0.307 0.017 0.123 0.017 0.028 0.012 0.009 0.051 0.263 0.185 0.220
0.199 0.218 0.017 0.045 0.017 0.022 0.010 0.011 0.015 0.195 0.155 0.217
0.179 0.227 0.018 0.045 0.018 0.045 0.011 0.007 0.000 0.124 0.130 0.192
0.228 0.165 0.010 0.046 0.010 0.006 0.008 0.003 0.001 0.093 0.153 0.223
0.185 H 0.144 ” 0.005 ” 0.024 || 0.005 || 0.018 ” 0.013 ” 0.004 H 0.000 ” 0.047 H 0.126 || 0.201 |
0.169 H 0.142 ” 0.002 ” 0.032 || 0.002 || 0.046 ” 0.010 ” 0.030 H 0.000 ” 0.072 H 0.131 || 0.205 |
0.192 H 0.134 ” 0.001 ” 0.013 || 0.001 || 0.006 ” 0.015 ” 0.016 H 0.002 ” 0.046 H 0.144 || 0.214 |
0.345 H 0.205 ” 0.004 ” 0.045 || 0.004 || 0.007 ” 0.013 ” 0.014 H 0.031 ” 0.060 H 0.215 || 0.344 |
0.501 H 0.263 ” 0.020 ” 0.097 || 0.020 || 0.009 ” 0.020 ” 0.007 H 0.070 ” 0.121 H 0.312 || 0.495 |
0.561 0.321 0.018 0.202 0.018 0.005 0.051 0.016 0.077 0.197 0.380 0.574
0.600 0.380 0.029 0.175 0.029 0.007 0.080 0.052 0.089 0.226 0.396 0.607
0.607 0.405 0.088 0.164 0.088 0.003 0.061 0.058 0.092 0.227 0.397 0.611
0.553 0.413 0.101 0.190 0.101 0.027 0.089 0.083 0.104 0.242 0.382 0.571
0.605 0.497 0.163 0.238 0.163 0.051 0.119 0.085 0.111 0.246 0.407 0.617
0.514 0.414 0.179 0.131 0.179 0.060 0.074 0.079 0.059 0.134 0.300 0.494
0.225 0.352 0.090 0.178 0.090 0.058 0.050 0.063 0.054 0.115 0.165 0.239

Table V: Typical Daily Profile of power fed by the LDN for thenet-metering PV Residencén Bukciali
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Figure 5: Typical Daily Profile of power fed by the LDN for thenet-metering PV Residencén Bukciai

Figures 6 illustrates the typical hourly allocation of PV-C. S & s
the reporting period. Both LDN and PVs hourly contributions are divided with the corresponding hourly
value of the PV-C.S total electrical power consumption and thus their sum is always equal to unit. After a
careful analysis of Figure 6 it is concluded that, even in the case where the energy transacfons are
considered as hourly values, there are time intervals (particularly during spring and summer) where the
energy needs of the P\:C.S are serviced by PVs in high rates (almost around 100%).
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Figure 6: Hourly Allocation of PV-C.S total electricity consumption for each month of the reporting period (Tb
profiles)

Figures 7 illustrates the typical day profiles of the total PVs production broken down by component
(self-consumed & injected PV Energy). Both components of hourly contributions are divided with the
corresponding hourly value of the total PVs production and thus their sum is always equal to unit. After a
careful analysis of Figure 7 it is concluded that, the self-consumed PV Energy is considerably larger than
the injected PV energy during winter and autumn, whilst both PVs production components are
comparable during spring and summer.
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3.3. Aggregated Households Community with central PV System in Rudamina
(Lithuania)

The next five tables and figures present the typical daily profiles of the: a) Rudamina theoretical AHC
total electrical power consumption, b) total produced PV Power, c) Seliconsumed PV Power, d) Injected
PV Power and e) Power fed by the LDN. A pu system was introducedwith the nominal power of the

installed PV system consising the base value of the system (30kW). All the other reported power
guantities are specified as multiples of the selected base value

“‘ 0.187 H 0.222 ” ” 0.205 || 0.190 || 0.194 ” 0.185 ” 0.177 H 0.198 ” 0.178 H 0.170 || 0.189 |
‘ 0.163 H 0.192 ” 0.159 ” 0.171 || 0.156 || 0.159 ” 0.152 ” 0.147 H 0.166 ” 0.152 H 0.150 || 0.163 |
‘ 0.149 H 0.171 ” 0.144 ” 0.149 || 0.137 || 0.138 ” 0.132 ” 0.130 H 0.145 ” 0.138 H 0.139 || 0.147 |
-‘ 0.141 H 0.159 ” 0.137 ” 0.137 || 0.129 || 0.127 ” 0.122 ” 0.121 H 0.135 ” 0.131 H 0.134 || 0.139 |
4:00 ‘ 0.138 H 0.154 ” 0.130 ” 0.131 || 0.125 || 0.123 ” 0.117 ” 0.117 H 0.129 ” 0.132 H 0.133 || 0.135 |
5:00 0.138 0.153 0.137 0.130 0.125 0.117 0.114 0.117 0.133 0.130 0.140 0.136
“ 0.149 0.160 0.150 0.137 0.129 0.123 0.115 0.122 0.135 0.142 0.165 0.147
7:00 0.182 0.187 0.185 0.154 0.164 0.152 0.138 0.141 0.160 0.183 0.197 0.180
0.206 0.218 0.203 0.176 0.191 0.179 0.162 0.166 0.192 0.207 0.215 0.206
m 0.211 0.229 0.216 0.197 0.203 0.197 0.183 0.189 0.210 0.212 0.219 0.214
0.218 0.240 0.223 0.211 0.209 0.208 0.199 0.203 0.215 0.219 0.223 0.222
0.224 0.249 0.223 0.217 0.207 0.211 0.205 0.207 0.220 0.221 0.224 0.229

12:00 ‘ 0.227 H 0.252 ” 0.223 ” 0.218 || 0.206 || 0.212 ” 0.207 ” 0.209 H 0.220 ” 0.220 H 0.225 || 0.232 |
13:00 ‘ 0.226 H 0.252 ” 0.220 ” 0.217 || 0.203 || 0.211 ” 0.205 ” 0.207 H 0.220 ” 0.218 H 0.224 || 0.231 |
14:00 ‘ 0.227 H 0.250 ” 0.221 ” 0.215 || 0.204 || 0.212 ” 0.205 ” 0.207 H 0.219 ” 0.219 H 0.225 || 0.232 |

‘ 0.225 H 0.248 ” 0.218 ” 0.212 || 0.201 || 0.207 ” 0.200 ” 0.203 H 0.218 ” 0.217 H 0.227 || 0.232
16:00 ‘ 0.228 H 0.247 ” 0.218 ” 0.209 || 0.200 || 0.206 ” 0.198 ” 0.202 H 0.217 ” 0.218 H 0.242 || 0.240

17:00 0.248 0.252 0.224 0.210 0.202 0.208 0.199 0.204 0.220 0.224 0.277 0.273

18:00 0.285 0.272 0.236 0.215 0.210 0.214 0.203 0.208 0.228 0.240 0.297 0.291

19:00 0.294 0.301 0.264 0.223 0.219 0.221 0.209 0.214 0.249 0.269 0.296 0.293

20:00 0.288 0.320 0.289 0.232 0.224 0.224 0.211 0.217 0.284 0.295 0.286 0.286

21:00 0.276 0.315 0.288 0.247 0.228 0.225 0.212 0.225 0.292 0.285 0.268 0.274

22:00 0.253 0.295 0.265 0.253 0.239 0.224 0.214 0.240 0.273 0.258 0.237 0.254

23:00 0.220 0.262 0.223 0.242 0.232 0.221 0.215 0.219 0.238 0.217 0.200 0.222

Table |: Typical Daily Profile of total electrical consumption for theRudamina theoretical AHC

November 2019
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Figure 1: Typical Daily Profile of total electrical consumption for theRudamina theoretical AHC

tal produced PV Power [pu] (Typical Day profiles)

H . ” . ” 0.000 || 0.000 || 0.000 ” . ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000
0.003 0.033 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.024 0.003
0.090 0.069 0.087 0.000 0.087 0.098 0.049 0.027 0.000 0.032 0.055 0.083
0.139 0.151 0.248 0.090 0.248 0.226 0.157 0.170 0.045 0.148 0.084 0.101
0.141 0.182 0.424 0.234 0.424 0.369 0.262 0.334 0.169 0.269 0.102 0.076
0.142 0.190 0.540 0.379 0.540 0.484 0.339 0.465 0.302 0.357 0.113 0.089
0.120 H 0.170 ” 0.625 ” 0.501 || 0.625 || 0.521 ” 0.381 ” 0.517 H 0.404 ” 0.419 H 0.099 || 0.060 |
0.082 H 0.138 ” 0.677 ” 0.570 || 0.677 || 0.553 ” 0.337 ” 0.573 H 0.445 ” 0.395 H 0.075 || 0.046 |
0.034 H 0.093 ” 0.690 ” 0.589 || 0.690 || 0.560 ” 0.352 ” 0.536 H 0.457 ” 0.346 H 0.035 || 0.000 |
0.000 H 0.061 ” 0.648 ” 0.563 || 0.648 || 0.517 ” 0.371 ” 0.488 H 0.453 ” 0.284 H 0.000 || 0.000 |
0.000 H 0.023 ” 0.564 ” 0.502 || 0.564 || 0.462 ” 0.352 ” 0.433 H 0.417 ” 0.172 H 0.000 || 0.000 |
0.000 0.000 0.484 0.404 0.484 0.394 0.302 0.337 0.370 0.069 0.000 0.000
0.000 0.000 0.360 0.287 0.360 0.308 0.227 0.243 0.228 0.000 0.000 0.000
0.000 0.000 0.195 0.177 0.195 0.196 0.138 0.122 0.106 0.000 0.000 0.000
0.000 0.000 0.020 0.066 0.020 0.070 0.042 0.005 0.009 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table Il: Typical Daily Profile of total produced PV Power for theRudamina theoretical AHC
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Figure 2: Typical Daily Profile of total produced PV Power for theRudamina theoretical AHC

umed PV Power [pu]

H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” . H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000
0.003 0.033 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.024 0.003
0.089 0.069 0.083 0.000 0.083 0.098 0.049 0.027 0.000 0.031 0.051 0.082
0.100 0.123 0.172 0.087 0.172 0.173 0.137 0.147 0.045 0.105 0.075 0.086
0.103 0.135 0.190 0.158 0.190 0.203 0.183 0.178 0.135 0.148 0.094 0.062
0.104 0.138 0.194 0.179 0.194 0.209 0.197 0.200 0.181 0.157 0.093 0.075
0.099 H 0.128 ” 0.198 ” 0.193 || 0.198 || 0.210 ” 0.198 ” 0.208 H 0.188 ” 0.166 H 0.082 || 0.058 |
0.080 H 0.111 ” 0.197 ” 0.194 || 0.197 || 0.208 ” 0.185 ” 0.204 H 0.197 ” 0.163 H 0.071 || 0.046 |
0.034 H 0.078 ” 0.195 ” 0.196 || 0.195 || 0.212 ” 0.179 ” 0.202 H 0.207 ” 0.158 H 0.035 || 0.000 |
0.000 H 0.059 ” 0.192 ” 0.196 || 0.192 || 0.200 ” 0.177 ” 0.197 H 0.205 ” 0.139 H 0.000 || 0.000 |
0.000 H 0.023 ” 0.186 ” 0.188 || 0.186 || 0.192 ” 0.178 ” 0.189 H 0.207 ” 0.116 H 0.000 || 0.000 |
0.000 0.000 0.192 0.183 0.192 0.184 0.170 0.180 0.205 0.069 0.000 0.000
0.000 0.000 0.200 0.173 0.200 0.197 0.158 0.160 0.172 0.000 0.000 0.000
0.000 0.000 0.181 0.143 0.181 0.180 0.131 0.119 0.105 0.000 0.000 0.000
0.000 0.000 0.020 0.066 0.020 0.070 0.042 0.005 0.009 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table IlI: Typical Daily Profile of selfconsumed PV Power for theRudamina theoretical AHC
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Figure 3: Typical Daily Profile of selfconsumed PV Power for theRudamina theoretical AHC

Injected PV Power [pu] (Typical profiles

“‘ H . ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
‘ 0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
‘ 0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
-‘ 0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
-‘ 0.000 H 0.000 ” 0.000 ” 0.000 || 0.000 || 0.000 ” 0.000 ” 0.000 H 0.000 ” 0.000 H 0.000 || 0.000 |
- 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
“ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- 0.001 0.000 0.004 0.000 0.004 0.000 0.000 0.000 0.000 0.001 0.005 0.001
“ 0.039 0.028 0.077 0.003 0.077 0.052 0.020 0.023 0.001 0.043 0.009 0.015
0.038 0.047 0.234 0.076 0.234 0.166 0.080 0.156 0.034 0.121 0.008 0.014
0.038 0.052 0.346 0.200 0.346 0.275 0.142 0.264 0.121 0.200 0.020 0.015

12:00 ‘ 0.022 H 0.042 ” 0.427 ” 0.308 || 0.427 || 0.311 ” 0.183 ” 0.308 H 0.216 ” 0.253 H 0.016 || 0.003 |
13:00 ‘ 0.002 H 0.027 ” 0.480 ” 0.376 || 0.480 || 0.346 ” 0.152 ” 0.369 H 0.248 ” 0.232 H 0.003 || 0.000 |
14:00 ‘ 0.000 H 0.015 ” 0.495 ” 0.393 || 0.495 || 0.348 ” 0.173 ” 0.334 H 0.250 ” 0.188 H 0.000 || 0.000 |

‘ 0.000 H 0.002 ” 0.455 ” 0.367 || 0.455 || 0.318 ” 0.194 ” 0.291 H 0.248 ” 0.145 H 0.000 || 0.000
‘ 0.000 H 0.000 ” 0.378 ” 0.314 || 0.378 || 0.270 ” 0.174 ” 0.243 H 0.210 ” 0.056 H 0.000 || 0.000

17:00 0.000 0.000 0.293 0.221 0.293 0.210 0.132 0.156 0.165 0.000 0.000 0.000
0.000 0.000 0.160 0.114 0.160 0.111 0.069 0.083 0.056 0.000 0.000 0.000
- 0.000 0.000 0.014 0.034 0.014 0.016 0.007 0.003 0.001 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 1V: Typical Daily Profile of injected PV Power for thdRudamina theoretical AHC
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Figure 4: Typical Daily Profile of injected PV Power for th&Rudamina theoretical AHC

Power fed by the LDN [ pu] (Typical Day profiles)

tamp
[0]
[0]
[0]
[0]
[0]
[0]

10:00

11:00

12:00 ‘

13:00 ‘

14:00 ‘

15:00 ‘

16:00 ‘

17:00

18:00

20:00

‘ H 0.222 ” 0.190 ” 0.205 || 0.190 || 0.194 ” 0.185 ” 0.177 H 0.198 ” 0.178 H 0.170 || 0.189 |
‘ 0.163 H 0.192 ” 0.156 ” 0.171 || 0.156 || 0.159 ” 0.152 ” 0.147 H 0.166 ” 0.152 H 0.150 || 0.163 |
‘ 0.149 H 0.171 ” 0.137 ” 0.149 || 0.137 || 0.138 ” 0.132 ” 0.130 H 0.145 ” 0.138 H 0.139 || 0.147 |
‘ 0.141 H 0.159 ” 0.129 ” 0.137 || 0.129 || 0.127 ” 0.122 ” 0.121 H 0.135 ” 0.131 H 0.134 || 0.139 |
‘ 0.138 H 0.154 ” 0.125 ” 0.131 || 0.125 || 0.123 ” 0.117 ” 0.117 H 0.129 ” 0.132 H 0.133 || 0.135 |

0.138 0.153 0.125 0.130 0.125 0.117 0.114 0.117 0.133 0.130 0.140 0.136

0.149 0.160 0.129 0.137 0.129 0.123 0.115 0.122 0.135 0.142 0.162 0.147

0.179 0.154 0.164 0.154 0.164 0.148 0.138 0.141 0.160 0.183 0.174 0.177

0.118 0.149 0.108 0.176 0.108 0.081 0.114 0.139 0.192 0.175 0.164 0.123

0.111 0.106 0.031 0.110 0.031 0.023 0.047 0.041 0.165 0.106 0.144 0.128

0.115 0.106 0.019 0.052 0.019 0.005 0.017 0.025 0.081 0.071 0.129 0.160

0.120 0.111 0.013 0.037 0.013 0.002 0.008 0.007 0.039 0.063 0.131 0.154

0.129 H 0.124 ” 0.008 ” 0.025 || 0.008 || 0.003 ” 0.009 ” 0.000 H 0.032 ” 0.054 H 0.142 || 0.174 |

0.147 H 0.140 ” 0.007 ” 0.023 || 0.007 || 0.004 ” 0.020 ” 0.003 H 0.022 ” 0.055 H 0.153 || 0.185 |

0.193 H 0.172 ” 0.009 ” 0.019 || 0.009 || 0.000 ” 0.026 ” 0.005 H 0.011 ” 0.061 H 0.190 || 0.232 |

0.225 H 0.190 ” 0.008 ” 0.016 || 0.008 || 0.008 ” 0.023 ” 0.006 H 0.013 ” 0.078 H 0.227 || 0.232 |

0.228 H 0.224 ” 0.014 ” 0.021 || 0.014 || 0.014 ” 0.020 ” 0.013 H 0.010 ” 0.102 H 0.242 || 0.240 |

0.248 0.252 0.011 0.027 0.011 0.024 0.029 0.024 0.015 0.155 0.277 0.273

0.285 0.272 0.009 0.041 0.009 0.016 0.044 0.047 0.057 0.240 0.297 0.291

0.294 0.301 0.038 0.080 0.038 0.041 0.077 0.095 0.144 0.269 0.296 0.293

0.288 0.320 0.204 0.167 0.204 0.153 0.169 0.213 0.275 0.295 0.286 0.286

0.276 0.315 0.228 0.247 0.228 0.225 0.212 0.225 0.292 0.285 0.268 0.274

0.253 0.295 0.239 0.253 0.239 0.224 0.214 0.240 0.273 0.258 0.237 0.254

0.220 0.262 0.232 0.242 0.232 0.221 0.215 0.219 0.238 0.217 0.200 0.222

Table V: Typical Daily Profile of power fed by the LDN for theRudamina theoretical AHC
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Figure 5: Typical Daily Profile of power fed by the LDN for theRudamina theoretical AHC

Figures 6 i Il l ustrates the typical hourly allocation of
months. Both LDN and PVs hourlycontributions are divided with the corresponding hourly value of the

AHC total electrical consumption and thus their sum is always equal to unit. After a careful analysis of
Figure 6 it is concluded that, even in the case where the energy transactions areconsidered as hourly
values, there are time intervals (particularly during spring and summer) where almost all energy needs of

the AHC are serviced by PVs production. This is a notable load reduction for LDN,particular when the

high penetration level of such AHCs comes into consideration.
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