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o Methodology 1: Ny
KITY . .
COMILLAS ToU capacity and energy charges for withdrawal IR
UNIVERSIDAD PONTIFICIA (generators and injections do not pay use of network .. 2o .,
ch arg eS) Tjubljans
COSTS DRIVERS CHARGES
r N [ N
Temporal Locational

o s
N N

Yes, by system-

wide time- Yes, by voltage
ok s Capacity blocks levels
drlven'by Capacity charges (E/ACH) (according to (according to
capacity seasonal, network
Network weekday and cascade model)
hours)

\ _
Network costs / \ / \

IR 53] Yes, by system-
energy wide time- Yes, by voltage
blocks levels
Energy charges
(€/kWh) (according to (according to
seasonal, network
weekday and cascade model)
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Resulting tariff under

methodology 1

(Time-blocks)

oy

~

January

February

March

December

Season 1 Season 2 Holiday Season 1 Holidays Season 2
Hour AV top-10 AV-top20 Average top-10 Average top-10

0 1531.2 0 1401.0 0 1404.8 0 1321.2
1 1479.5 1 1362.3 1 1345.2 1 1290.6
2 1459.1 2 1344.1 2 1336.8 2 1269.0
3 1461.1 3 1345.4 3 1318.4 3 1266.9
4 1493.3 4 1367.5 4 1319.0 4 1263.2
5 1586.8 5 1448.0 B) 1354.6 B) 1284.2
6 1842.8 6 1575.9 6 1472.9 6 1333.2
7 2048.4 7 1728.4 7 1605.8 7 1390.2
8 2090.3 8 1768.7 8 1712.5 8 1444.3
9 2080.9 9 1760.8 9 1768.8 9 1509.4
10 2096.9 10 1762.0 10 1777.6 10 1543.1
11 2109.8 11 1800.1 11 1788.4 11 1548.1
12 2095.3 12 1795.1 12 1749.7 12 1543.8
13 2033.8 13 1777.4 13 1685.8 13 1480.4
14 1976.6 14 1727.8 14 1605.3 14 1431.3
15 1947.0 15 1697.3 15 1584.5 15 1387.9
16 1982.2 16 1702.4 16 1617.6 16 1371.6
17 2044.5 17 1730.1 17 1697.3 17 1398.3
18 2056.7 18 1715.3 18 1727.6 18 1406.6
19 2044.9 19 1702.0 19 1727.1 19 1401.3
20 1962.3 20 1641.8 20 1673.9 20 1371.9
21 1822.6 21 1563.4 21 1564.7 21 1377.1
22 1708.9 22 1520.1 22 1481.9 22 1328.8
23 1601.0 23 1470.9 23 1397.2 23 1267.9

ELEKTROINSTITUT MILAN VIDMAR
Institut za elekirogospodarstvo in elekiroindustrijo
Liubliana
) Season
Time-block
Season 1 Season2  Holiday S1 Holiday S2

1 1743.7 1730.9 1525.0
2 1922.2 1575.3 1595.6

3 1540.1

comillas.edu
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"5 Resulting tariff under My
comitas  methodology 1 o
(Transmission tariffs)

Liubliana

Transmission capacity charges (€/kW year)

Time-block 1 Time-block 2 Time-block 3 Time-block 4 Time-block 5

0: LV 0 1,36612 0,65128 0,56931 0,02883
1: LVSS 1 7,16056 273804 1,95166 0,13180
2:MV 2 778229 3,43309 2,05238 0,18714
3:MVSS 3 10,69986 5,86866 4,01631 0,31702
4:HV 4 7,40765 3,73679 259695 0,33918

Voltage Transmission energy charges (€/kWh)

555 Time-block 1 Time-block 2 Time-block 3 Time-block 4 Time-block 5

0 0,00437 0,00433 0,00405 0,00396 0,00360
1 0,00440 0,00432 0,00424 0,00402 0,00366
2 0,00439 0,00431 0,00423 0,00402 0,00366
3 0,00453 0,00446 0,00442 0,00422 0,00389
4 0,00456 0,00450 0,00443 0,00425 0,00391
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"3 Resulting tariff under My
comuas  methodology 1 B
(Distribution tariffs)

Liubliana

Distribution capacity charges (€/kW year)

2 Time-block 1 Time-block 2 Time-block 3 Time-block 4 Time-block 5

Voltage

0: LV 0 10,23132 4,17232 4,92076 0,93759 0,04758

1: LVSS 1 25,44204 10,57340 8,03745 0,81351 0,03382
2:MV 2 18,93110 8,26912 5,53487 0,23756
3:MVSS 3 8,71905 4,52942 3,58365 0,25312
4D:HV 4D 2,26831 1,03890 0,14420 0,00838

Voltage Distribution energy charges (€/kWh)

L Time-block 1 Time-block 2 Time-block 3 Time-block 4 Time-block 5

0 0,00918 0,00927 0,00839 0,00885 0,00855

1 0,00704 0,00706 0,00649 0,00676 0,00647

2 0,00484 0,00483 0,00437 0,00455 0,00427

3 0,00130 0,00129 0,00127 0,00125 0,00122

4D 0,00029 0,00029 0,00029 0,00029 0,00029
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"3 Different contracted

o Ay
>
Y

oy

-~

comiLas  capacities by time-blocks --=m.

Commercial customer with:
charged capacity between 17 and 43 kW
annual consumption higher than 20 MWh

Initial Max Cap Contr Cap

Charged (kw)
Cap. (kW

24 14.232 14.2
24 16.880 16.9
24 16.704 16.9
24 18.376 18.4
24 16.712 18.4

Household customer with:
charged capacity between 7 and 14 kW

annual consumption between 2.5 and 5 MWh

3.984
3.872
4.188
3.656
4.468

Time- | Initial Charged Contr Cap
block Cap. (kW kW
o

CoInin U

regular cc_>17-43kW_>20MWh

1,200

©

£ 1,000
S

w 343
o 800
Bo

8 600
o

=

5 400
2

2 200
=

3

c

c

<

Summary M1

M Transmission Capacity charges B Transmission Energy charges

M Distribution Capacity charges M Distribution Energy charges

regular hh_7-14kW_>2.5<5MWh

h
[%a)
(=]

g

-
w
[=}

g

w1
[=]

Annual network charges (€/year)

Summary M1

m Transmission Capacity charges m Transmission Energy charges

® Distribution Capacity charges ® Distribution Energy charges

Annual network charges (€/year)

Annual network charges (€/year)

cc_>17-43kW_>20MWh with
contracted capacity adjusted
1,000 -18%
800
600
400

200

Summary M1

M Transmission Capacity charges M Transmission Energy charges

M Distribution Capacity charges M Distribution Energy charges

hh_7-14kW_>2.5<5MWh with
250 contracted capacity adjusted

200
150

28

100

50

Summary M1

m Transmission Capacity charges m Transmission Energy charges

m Distribution Capacity charges ™ Distribution Energy charges
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Contracted capacity and E}\g
excess demand over
contracted capacity

ELEKTROINSTITUT MILAN VIDMAR

Institut za elekirogospodarstvo in elekiroindustrijo
Liubliana

Contracted Capacity payment
for time block b

Contracted

Capacity= 5kW

5,000

= 4,000 -

"3

[\

th.r,s ehol

ll

| Contracted

= Capacity= 4kW

u and excess
demand = 1.21 kW

Capacity payment
= contracted capacity payment

0 24 48 72 96 120

Time of day [h]

Excess demand = sqrt(0.872+2*0.272+3*0.572)=1.21 kW

Total payment = TSy, * (4 kW + 1.2 x 1.21 kW)

T G

comillas.edu

144 168 + excess capacity payment

Ccp: contracted capacity for the customer at time-block b, in kW
Ti,cb: contracted capacity tariff (€/kW) for voltage level i, and time-
block b

Tng‘b: cumulative excess demand charge at time-block b (€/kW), which
is equal to the capacity charge for time block b and voltage level i,
multiplied by an additional factor, for instance 1.2.

Cdj ,: maximum demand consumed by the customer, in kW, for each
15-min sample when contracted capacity is exceeded in time-block b
n: total number of 15-min samples when contracted capacity is
exceeded




Contracted capacity vs My
COMILLAS excess demand charge  ..cs.

[__icar _icapbe D ciHs )
Customer with reduced contracted capacity
under M1
CommerCial customer Wlth Transmission Capacity 36.69
X : Energy 155.62
charged capacity between 17 and 43 kW Total 192.31
annual consumption higher than 20 MWh Distribution Capacity 288.08
Energy 342.55
Initial Contr Cap Total 630.63
Total 822.94
Contr. Cap. (kw) Regular customer under M1
Factor of reduction for CC at TB1
0.8
[ 1| 14.2 114 Transmission Capacity 40.58 Cumulative excess demand charge (€/kW)
2 T 16.9 Energy 155.62 . |1 13.9169368
n 16.9 16.9 Total 196.19 Number of 15-min Square root of Sum of (Cd-Cc)*2 (kW)
' ' Distribution Capacity 317.21 samples when 7.232240906
“ 18.4 18.4 Energy 342,55 ity i Exceeding capacity payment (€)
“ 18.4 18.4 Total 6 capacity Is _ 100.6506396
Towl @ overpassed: 37 |Finalpayment(® 7 N

Customer with reduced contracted capacity

Household customer with:

) under M1
charged capacity between 7 and 14 kW — :
. Transmission Capacity 9.45
annual consumption between 2.5 and 5 MWh Energy o
Total 22,11
Distribution Capacity 73.98
Initial Contr Cap Energy 27.72
Contr. Cap. (kw) Regular customer under M1 — Total 1213(?;.170
4.0 3.2 Transmission Capacity 10.54 Factor of reduction for CC at TB1
4.0 4.0 Energy 12.66 i 0.8
’ ’ Total 23.20 Number of 15-min |Cumulative excess demand charge (€/kW)
4.2 4.2 o - TB1 13.9169368
Distribut C t 82.13
4.2 4.2 — E:Z?g;;y 27.72 Sampl_es When Square root of Sum of (Cd-Cc)*2 (kW)
4.7 4.7 Total _TONRS capacity Is ' | 0.812081984
Total 133.05 overpassed: 3 Exceeding capacity payment (€)
comillas.edu S “‘EQ%G
Final payment (€)
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Methodology 2:

o Forward-looking peak coincident (symmetric EM
COMILLAS for _\Nlthdrawal and injection ) and fl_xed A
e residual charges (to customers, neither to s s

generators nor storage)
COSTS DRIVERS CHARGES
e N [ D
Temporal Locational

N

Dynamic energy Yes, by volta‘ge Yes, element F)y
Long-term charges level according element. In practice by
incremental (€/KWh) at peak to peak voltage levels
costs Contribution to peak times coincident according to network
flows periods cascade model)
Network \

Voltage level customer
Non- categories
Residual costs distortionary No .
fixed charge (rolling average of
(€/user) historical consumption
or capacity)

Yes, by hours
or time-blocks,
Energy charge according to
(€/ kWh) seasons,
weekdays and

hours
o

Energy Losses

Yes, by voltage levels

(according to network

Ancillary services costs cascade model)

L

conmunas.eau




Resulting tariff under

methodology 2 E\M\'

. -
COMILLAS Incremental charges for consumption (+) FLEKTROINSTITUT AN VDMAR

. . . Institut za eIek!rogos{;i:]]j’:‘:\;o in elekiroindustrijo
S—— and rewards for injections (-)

Charges for 09/01/2019 (weekday winter)

200,00
150,00

100,00

50,00

charges (€/MWh)

0,00

123 456 7 8 91011121314151617 1819202122 2324

Forward looking and energy losses

e Charges to HV e Charges to HV/MV e====Charges to MV
Charges to MV/LV e====Charges to LV Weekend winter- 20/01/2019

70,00
60,00
50,00
40,00
30,00
20,00

10,00 |

0,00 — S —
0123456 7 8 91011121314151617181920212223

charges (€/MWh)

Forward looking and energy losses

comlllus edU e Charges to HV e Charges to0 HV/MV e==== Charges to MV

Charges to MV/LV e====Charges to LV




Resulting tariff under My
comitas  methodology 2 -

Institut za elekirogospodarstvo in elekiroindustrijo
[ icar _icabe Do ciHs

Liubljana

(energy losses and AS charges)

Transmission

Energy losses costs associated to each Average ancillary services charges

voltage level and customer group Customer group (€/kWh)
(€/kWh)
0 0,00191
1 0,00184
0: vV 0 0,00098 0,00098 2 0,00184
1: LVSS 1 0,00094 0,00094 3 0,00180
2:MV 2 0,00094 0,00094 4 0,00180
3:MVSS 3 0,00092 0,00092
4:HV 4 0,00092 0,00092
Distribution

Energy losses costs associated to each voltage level and customer group (€/kWh)

0,00218 0,00031 0,00133 0,00013 0,00008 0,00404
0,00030 0,00128 0,00012 0,00008 0,00179

0,00127 0,00012 0,00008 0,00148

0,00012 0,00008 0,00020

0,00008 0,00008

S~ W NN -2 O
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Resulting tariff under
methodology 2
(Residual charges)

Transmission

eiby

-~
ELEKTROINSTITUT MILAN VIDMAR

Institut za elekirogospodarstvo in elekiroindustrijo
Liubljana

Residual chargés (€/MWh)

4: HV 4 37.258.951,34 6.498.233,21 371.971 17,46972 1,45581
3: MVSS 3 3.787.593,53 148.538 25,49917 2,12493
2:MV 2 11.514.991,46 883.482 13,03365 1,08614
L:LVSS 1 1.406.900,07 137.659 10,22018 0,85168
o:Lv 0 14.051.233,06 8.146.559 1,72481 0,14373
Distribution —
. Residual chafges (€/MW)

4 5.440.904,90 89.568,54 22.133 4,04676 0,33723

3 16.013.410,72 2.665.991,51 147.013 18,13439 1,51120

2 33.026.141,06 21.426.962,78 819.472 26,14728 2,17894

1 28.322.647,17 5.341.843,02 137.659 38,80487 3,23374

comilla 0 71.605.519,54 124.884.257,54 8.138.507 1@? 1,27874
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Data for tariff calculation

comitas  and tariff impacts

» All calculations were done with data for 2019

E
M.:

ELEKTROINSTITUT MILAN VIDMAR

Institut za elekirogospodarstvo in elekiroindustrijo

« Transmission costs: network, energy losses and ancillary services costs

« Distribution costs: network and energy losses costs

« Aggregated hourly consumption, generation, flows and energy losses were

considered for each voltage level (from 15-min samples)

Liubljana

Consumption connected to (MWh)

Voltage level

Connection
method

Load factor (operating hours)

HV

T26000h

6000 ur >T 22500 h

T<2500h

Day Hour Min
HV HV/MV MV MV/LV LV
Generation connected to (MWh)
HV new HV HV/MV MV MV/LV LV
(calculated)

Flows (MWh)

From HV to From HV to From HV/MV ~ From MV to
HV/IMV HVIMV to MV MV/LV
(measured) (calculated) (calculated) (calculated)

From MV/LV to LV
(calculated)

MV

HV/MV Substation

T22500h

T<2500h

T22500h

T<2500h

[CALCULATED] Losses (MWh)

HV HV/MV MV MV/LV LV

comillas.edu

cross
border

Data from
ELES

LV

MV/LV Substation

T22500h

T<2500h

T22500h

T<2500h

without metering power

Households
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"G Impact analysis for power

&y
OMIELAS metered consumers mm:m;mm

UNIVERSIDAD PONTIFICIA

Institut za elekirogospodarstvo in elekiroindustrijo

| __car cape D cms Liuhljana
High Voltage >6000h High Voltage <2500h
+84%
. 7000000 6% +130% - 160000
§ 6,000,000 § 140,000
< <
W W
£ 5 000,000 < 120,000
v & 100,000
Ts) i
2 4,000,000 =
< < 80,000
~ 3,000,000 Y
E 5 60,000
= 2,000,000 3
g E 40,000
© 1,000,000 T 20,000
c 3
c c
4 c -
Current Summary M1 Summary M2 < Current Summary M1 Summary M2
W Transmission capacity charge M Transmission Energy charge W Transmission capacity charge M Transmission Energy charge
Medium Voltage Substation >2500h Medium Voltage Substation <2500h
. 800000 +104% . 120000 +102%
§ 700,000 110,615 9
v ! d ¢ 100,000
& 84,630 > ' 14,366
& 600,000 ) 50000 10,106
@ 500,000 o oY
) )
= 400,000 = 60,000
G 300,000 S
= ! ~ 40,000
c 200,000 c
@ 100,000 2 20,000
c c
. E
E Current Summary M1 Summary M2 g Current Summary M1 Summary M2
< <
W Transmission capacity charge m Transmission Energy charge W Transmission capacity charge B Transmission Energy charge
(
M Distribution Capacity charge  Distribution Energy charge W Distribution Capacity charge B Distribution Energy charge



COMILLAS

Al
X20g

Impact analysis for power

UNIVERSIDAD PONTIFICIA

| __icar _icape L ciks
Medium Voltage >2500h
& 70,000
e
@ 50000 16,272
@ 50,000 :
)
m 40,000 17,926
=
S 30,000
=
S 20,000
2
£ 10,000
=
‘_g _
E Current Summary M1
<
W Transmission capacity charge m Transmission Energy charge
M Distribution Capacity charge ® Distribution Energy charge
Low Voltage >2500h
__ 1,000
$ 6,000
)
= 5000 2,465 -40%
& 4,000
g
S 3,000 1,726
=
5 2,000
c
g
e Current Summary M1
Ly
M Transmission capacity charge B Transmission Energy charge
M Distribution Capacity charge ® Distribution Energy charge
comilias.edvu

24,684

Summary M2

2,662

Annual network charges (€/year)

Summary M2

Annual network charges (€/year)

3,500
3,000
2,500
2,000
1,500
1,000

500

E

metered consumers (Il A

ELEKTROINSTITUT MILAN VIDMAR

Institut za elekirogospodarstvo in elekiroindustrijo
Liubliana

Medium Voltage <2500h
4,274 7,467

7,538

Current Summary M1 Summary M2

M Transmission capacity charge M Transmission Energy charge

M Distribution Capacity charge ™ Distribution Energy charge

Low Voltage <2500h

1,230

1,167

619

Current

Summary M1 Summary M2

B Transmission capacity charge M Transmission Energy charge

m Distribution Capacity charge m Distribution Energy charge
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3 Impact analysis for LV non ]
CEMILLAS power metered consumers \

ELEKTROINSTITUT MILAN VIDMAR
UNIVERSIDAD PONTIFICIA Institut za elekirogospodarstvo in elekiroindustrijo

T (average household customer)

hh_<7-14kW_<1MWh hh_<7-14kW_1-2,5MWh

_. 180 _. 200
o M $ 150 5
2 120 o
2 100 5 100
£ 80 £ >
(8] (5]
x 60 =
=] o 50
ER E
g 20 g
g - § -
E Current Summary M1 Summary M2 E Current Summary M1 Summary M2
< <

m Transmission capacity charge m Transmission Energy charge W Transmission capacity charge m Transmission Energy charge

W Distribution Capacity charge ® Distribution Energy charge W Distribution Capacity charge = Distribution Energy charge

hh_<7-14kW_2,5-5MWh hh_<7-14kW_5-15MWh

_ 250 150
9 150 45 n
ey 107 & 250 292 = -
= 2 200
o 100 [}
X x 150
5] o
3z 0 $ 10
: g
3 :
E Current Summary M1 Summary M2 E Current Summary M1 Summary M2
< <

B Transmission capacity charge M Transmission Energy charge B Transmission capacity charge B Transmission Energy charge

m Distribution Capacity charge = Distribution Energy charge W Distribution Capacity charge B Distribution Energy charge



Impact analysis for LV non }\'
COMILLAS power metered consumers i\

ELEKTROINSTITUT MILAN VIDMAR

. Institut za elekirogospodarstvo in elekiroindustrijo
ommercCial customer e

UNIVERSIDAD PONTIFICIA

cc_8-14kW_<20MWh cc_8-14kW_>20MWh

5 5

g 30 29 ¢ 1,000

L 3

% = % 850

£ 900 g 600

g 108 5_-: 54 307

[5]

R ¥ 40

o 100 0

2 2w

v 90 1]

c c

= Current Summary M1 Summary M2 = Current Summary M1 Summary M2

< <
W Transmission capacity charge M Transmission Energy charge W Transmission capacity charge W Transmission Energy charge
 Distribution Capacity charge m Distribution Energy charge B Distribution Capacity charge ® Distribution Energy charge

comillas.edu



Cost shifts between customer
groups by voltage levels E\M‘(

COMILLAS Py . B
UNIVERSIDAD PONTIFICIA Tr ansmission tari ffs i

ICAI ICADE ~ CIHS | Liubliana
Cument methodology Methodology 1 Methodoogy 2
Money recovered
Contracted Eneray consumed Current ener Money recovered  Money recovered ~ Money recovered by TSO energy
Voltage level capacity rg()I;fIWh) Current capacity (€/year) (€lyea) % by TSO capacity by TSO energy by TSO capacity  charges including
(MW) y charges (€/year)  charges (€/year)  charges (E/year)  ancillary senices
(€Elyear)

HV 371,971 2,122,660,118 2,125,894 2,192,669 5,237,564 8,914,533 6,498,233 8,557,517
MV SS 148,538 1,243,187,544 3,187,942 373,815 3,104,716 5,240,968 3,787,594 3,720,558
A% 883,482 3,960,406,205 10,744,694 8,409,022 11,887,158 16,073,273 11,514,991 17,863,166
LV SS 137,659 483,365,515 1,801,038 826,341 1,649,440 1,979,889 1,406,900 1,737,878
LV 8,146,559 4,937,972,150 39,415,307 25,166,603.63 21,307,663 19,701,378 14,051,233 25,676,083
TOTAL 9,688,209  12,747,591,532 (57,274,875.55)  36,968,451.56  (43,186,541.4%  51910,040.59  (37,258,951.34)  57,555202.35

Network costs (€) 14.395.514

> Network losses (€) 11.981.022

Ancillary services (€)  25.533.505

. Current methodolo .
Voltage level Current tariffs . ey M1 M2 Contracted capacity M1 Energy M1
with measured data

HV 16% 17%

MV S5 8% 10%

MV 31% 31%

LSS 3% 4%

v 42% 38%

comillas.edu
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Cost shifts between customer
groups by voltage levels

eiby

COMILLAS S : : A
ELEKTROINSTITUT MILAN VIDMAR
UNIVERSIDAD PONTIFIZI;E ‘ DI St r I b u t I O n tar I ffS Institut za clek:rogosgiif:‘:\;om elekiroindustrijo
Current methodology Methodology 1 Methodoogy 2
Money recovered
Contracted Enerav consumed Current enen Money recovered ~ Money recovered ~ Money recovered by DSO energy
Voltage level capacity g(KAWh) Current capacity (€/year) (Elyear) W by DSO capacity by DSO energy by DSO capacity  charges i
(MW) Y charges (€/year)  charges (€/year)  charges (€/year) ¢
(€lyear)
HV 22,133 165,949,396 - - 76,577 48,438 89,569 580,045
MV SS 147,013 1,243,287,053 2,071,320 284,275 2,511,755 1,561,256 2,665,992 1,034,275
MV 819,472 3,755,389,708 20,188,143 22,797,702 27,020,161 16,753,418 21,426,963 27,295,487
LV SS 137,659 483,377,937 4,501,456 2,888,787 6,180,924 3,213,081 5,341,843 2,942,589
LV 8,138,507 4,925,567,686 _B5574097  158,249,599.04 165,289,615 42,908,915 124,884,258 81,243 407
TOTAL 9264784 10,573571,781 (82,335,016.31)  184,220,364.32  01,079,03L.75  64,485,107.05 (154,408,623.38  113,095,802.58
Current M1 M2
g L g
HV 0% 0% 0%
MV SS 1% 2% 1%
MV 16% 16% 18%
LV SS 3% 4% 3%
LV 80% 78% 7%

comillas.edu




Share of total customers Ny
under each group -

Institut za elekirogospodarstvo in elekiroindustrijo
Liubliana

COMILLAS

UNIVERSIDAD PONTIFICIA

ICAl ICADE | CIHS

LV commercial customers without metered power

1 2
charged Total annual
] <20 MWh > 20< 500 MWh .

No. capacity (kW) consumption (kWh)

1 70,986,585

2 146,032,053

3 731,912,411

LV household customers without metered power
1 2 3 4 5

. z:;;ile; Gy | <t >1<2,5MWh >25<5MWh | >5<1SMWh | >15MWh | nlj:;:i';:”(ilwh}
1 < =6kW 0.73% 2.94% 7.10% 13.72% 613,836,837
2 7-14kW 1.25% 4.99% 12.06% 19.55% 3.74% 1,566,664,294
3 17kW 0.69% 2.77% 6.69% 10.85% 2.08% 1,325,300,979
4 >=22kW 0.33% 0.03% 53,039,758

comillas.edu
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Customers with metered power

<2500 >2500 >6000
M1-Current M2-Current | M1-Current M2-Current | M1-Current M2-Current
HV 67% 84% 137% 145% 126% 134%
MV SS 80% 102% 104% 123%

MV 17% 27% 26% 37%

LV SS 24% 32% 33% 37%

LV -48% -32% -40% -27%
LV commercial customers without metered power

<20MWh >20MWh
M1-Current M2-Current [M1-Current M2-Current
<8 kW 1% 3%
8-14 kW 32% 17% 42% 37%
1743 kW 20% 10% -38% -29%
LV household customers without metered power
<! MWh 1-2.5 MWh 2.9 MWh 15 MWh >15 MWh
M1-Curent M2-Current (M1-Current M2-Curent [M1-Curent M2Current [M1-Curent M2-Curent |M1-Current M2-Current

<6 kW 133% 75% 36% 13% 5% 13% -2%% -26%
714 kW 123% 70% 45% 19% 4% -1% -22% -24% 47% -35%
1TKW 136% 8% 62% 31% 19% 2% -13% -18% 43% -32%
>22 kW 54% 21% -33% 21%
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* Methodology 1
» Tariff structure

» Methodology 2
* Tariff structure

 Data for simulations
» Impact analysis on customer groups

- Impact analysis on active customers _
* Recommendations
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Scenario 1: household with charged capacity less
than 6kW and annual consumption above
5MWh/year
* Slow charging in off-peak hours@3,6kW
to charge 20kWh/100km from Oam to 6
am.
* Slow charging in peak hours@3,6kW to
charge 20kWh/100km from 4pm to 10
pm.

Scenario 2: household with charged capacity 17kW
and annual consumption between 5 and 15MWh
* Fast charging in peak hour @11kW to
charge 20kWh/100km from 12am to 2pm.
* Slow charging in peak hours@3,6kW to
charge 20kWh/100km from 4pm to 10
pm.

comillas.edu

o Tariff impact on EV
charging

Current (charged capacity) 17.00
TB1 6.78
6.78

M1 (contracted
. 6.85

capacities)

6.94
7.06

M2 (capacity for residual charge 17.00

ey

-~

ELEKTROINSTITUT MILAN VIDMAR

Institut za elekirogospodarstvo in elekiroindustrijo

Capacity (kW
With slow

off-peak EV
charging

Without EV
charging

Current (charged capacity)

M1 (contracted
capacities)

M2 (capacity for residual charge

Capacity (kW
With fast
peak EV
charging

Without EV

charging

Liubliana

With slow
peak EV
charging

With slow
peak EV
charging




3 Tariff impact on EV )
comias  charging — Scenario 1 N
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| __car cape D cins Liubljana
hh_<6kW_>5MWh without EV hh_<6kW_>5MWh with slow off-peak EV charging
450 450
o 400 T 400
<350 Z 350
¢ Y
a0 250 a 250 310 =
(1] @
£ 200 209 S 200 9%
« 150 * 150
$ 100 £ 100
= =
o o
g - E
E Current Summary M1 Summary M2 E Current Summary M1 Summary M2
< <
m Transmission capacity charge m Transmission Energy charge m Transmission capacity charge m Transmission Energy charge
M Distribution Capacity charge ® Distribution Energy charge B Distribution Capacity charge ® Distribution Energy charge
hh_<6kW_>5MWh without EV hh_<6kW_>5MWh with slow peak EV charging
450 450
g 400 § 400 +49%
E :38 E :32
0 “ 96
& 250 & 250 350
I © 138
< 200 209 < 200
X 150 X 150
$ 100 g 100
- -
— o
5 - R
E Current Summary M1 Summary M2 E Current Summary M1 Summary M2
< <
B Transmission capacity charge B Transmission Energy charge M Transmission capacity charge B Transmission Energy charge
M Distribution Capacity charge M Distribution Energy charge M Distribution Capacity charge M Distribution Energy charge
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Tariff impact on EV

700
600
500
400
300
200
100

Annual network charges (€/year)

700
600
500
400
300
200
100

Annual network charges (€/year)

hh_17kW_>5<15MWh without EV

109
251
70
Current Summary M1 Summary M2
B Transmission capacity charge M Transmission Energy charge
m Distribution Capacity charge m Distribution Energy charge
hh_17kW_>5<15MWh without EV
109
251
70
Current Summary M1 Summary M2

M Transmission capacity charge B Transmission Energy charge

m Distribution Capacity charge ™ Distribution Energy charge

comillas.edu

Annual network charges (€/year)

Annual network charges (€/year)

. . E
charging — Scenario 2 TG

Institut za elekirogospodarstvo in elekiroindustrijo
Liubliana

hh_17kW_>5<15MWh with fast EV charging in peak

"
600 +104%
300

500 105
200

400 385
Current Summary M1 Summary M2

197

M Transmission capacity charge M Transmission Energy charge

M Distribution Capacity charge m Distribution Energy charge

hh_17kW_>5<15MWh with slow peak EV charging

700 +33%

- G
:

400 379

+41%
167
300 104
200
.

Current Summary M1 Summary M2

M Transmission capacity charge W Transmission Energy charge

m Distribution Capacity charge m Distribution Energy charge



Tariff impact on PV self-
consumption =
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Commercial: charged capacity
14kW and annual consumption
>20MWh with 10 kWp of PV

Without
PV

Variable

With PV

Current contracted capacity (kW) 14.00 14.00

TB1 10.82 9.87

M1 TB2 10.82 [ 9.87

contrac.ted B3 11.02 9.87

capacity

(kW) B4 11.02 9.87

TB5 11.02 9.87

M2 contracted capacity (kW) 14.00 1260
Energy consumed (MWh) 36.99 25.14
Energy generated (MWh) 13.95
Energy self-consumed (MWh) 11.85
Energy injected (MWh) 2.10

comillas.edu

85%

eiby
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Household: charged capacity
11kW and annual consumption
>5<15MWh with 3.5 kWp of PV

: Without
Variable

With PV

Current contracted capacity (kW) 11.00 11.00
TB1 4.62 4.4
M1 contracted capacity & 4.62 e
(KW) TB3 6.90 6.38
TB4 6.90 6.38
TB5 6.90 6.3
M2 contracted capacity (kW) 11.00 11.00
Energy consumed (MWh) 6.76 4.15
Energy generated (MWh) 4.88
Energy self-consumed (MWh) 2.61
Energy injected (MWh) 2.27

53%
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Tariff impact on PV self-

1,600
1,400
1,200
1,000
800
600
400
200

Annual network charges (€/year)

450
400
350
300
250
200
150
100

50

Annual network charges (€/year)

cc_8-14kW_>20MWh without PV

1,172
121 456
Current Summary M1 Summary M2
B Transmission capacity charge M Transmission Energy charge
W Distribution Capacity charge ® Distribution Energy charge
hh_7-14kW_>5<15MWh without PV
211 7
58
Current Summary M1 Summary M2

B Transmission capacity charge B Transmission Energy charge

W Distribution Capacity charge ® Distribution Energy charge

comillas.edu

Annual network charges (€/year)

Annual network charges (€/year)

consumption (I

1,600
1,400
1,200
1,000
800
600
400
200

450
400
350
300
250
200
150
100

50

-~
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cc_8-14kw_>20Mwh +pv PV =10 kWp

-19%

-24%
782
342
219
Current Summary M1 Summary M2

B Transmission capacity charge B Transmission Energy charge

W Distribution Capacity charge ® Distribution Energy charge

hh_7-14kW_>5<15MWh+PV py = 3.5 kWp

127

36
Current

Summary M1

Summary M2

B Transmission capacity charge M Transmission Energy charge

W Distribution Capacity charge ® Distribution Energy charge



Tariff Impact on energy Ny
comiLas  communities with - —
common PV

ICAl ICADE | CIHS Liubljana

Before being a member of the Energy community

H hold Summary M1 Summary M2
ousehold customer Transmission Capacity 10.54 | Transmission Residual 7.71
7-14kW_>2.5<5MWh Energy 12.66 Energy 13.53
Total 23.20 Total 21.23
Distribution Capacity 82.13 |Distribution Residual 68.56
Energy 27.72 Energy 36.45
Total 109.85 Total 105.01
Total 133.05 |Total 126.24
Share of energy community (%) 50%
PV plant size (kWp) 3.5
Energy consumed without EC (kWh) 3188.08
Energy generated associated to customer (kWh) 2127.10
Net energy consumption (kWh) 2403.68
Energy injected (not rewarded under current and M1 methodologies) (kwWh) 1342.70
% of injected energy into the grid over generated energy (%) 63%))
After being a member of the Energy community
Summary M1 Summary M2
Transmission Capacity 10.49 |Transmission Residual 7.71
Energy 9.50 Energy charg 12.03
Energy rewar- 4.12
Total 19.99 Total 19.73
Distribution Capacity 81.61 |Distribution Residual 68.56
Energy 20.97 Energy charg 28.93
Energy community charge 1.71 Energy rewar - 18.26
Total 104.29 Total 79.23
Total /1'2-478\ Total 98.
comillas edu Variation \ -7% Variation ( -22%

Y . 4 I |



Dynamic local tariffs My
comitas — pCPT and nCPT :

ELEKTROINSTITUT MILAN VIDMAR
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A household consumer with charged capacity of 7-14 kW and

energy consumption 2.5-5 MWh has been subject to CPT under
the three tariffs (current, M1 and M2):

PCPT (Positive critical peak tariff):

« Current: Increased base energy tariff (MT) by 15 times, pCPT:MT->15:1

* M1: Increased energy tariff in corresponding Time-block by 15 times,
pPCPT:TBi->15:1

» M2: Increased incremental energy tariff in corresponding hour by 15
times, pCPT:ICh->15:1

NCPT (Negative critical peak tariff):

« Current: Decreased base energy tariff (MT) by 4 times, nCPT:MT
->0.25:1

« M1: Decreased energy tariff in corresponding Time-block by 4 times,
pCPT:TBIi->0.25:1

» M2: Decreased incremental energy tariff in corresponding hour by 4
times, pCPT:ICh->0.25:1

comillas.edu
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Dynamic local tariffs My
comiitas  pCPT and nCPT -
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The selected activation hours were: Activation date Beg‘“"";i :I‘i’c:’t‘ijn““rs of
* 114 hours of pCPT (see Table) G 195000
12/03/2020 19:00:00
° 1924 hourS Of nCPT 14/03/2020 18:30:00
. . 15/03/2020 19:00:00
» All days between midnight and 4 am 20/03/2020 190000
22/03/2020 18:30:00
28/03/2020 19:00:00
* Summer days (May, June, July) between 11 am — -
30/05/2020 20:30:00
and 4 pm 08/06/2020 20:45:00
. 16/06/2020 20:30:00
Demand response: reductions of 20% when pCPT and 20/06/2020 20:30:00
04/07/2020 20:30:00
H H 13/07/2020 20:00:00
increment of 11 kW per hour when nCPT are simulated. - —
25/07/2020 20:30:00
01/08/2020 20:30:00
09/08/2020 20:30:00
16/08/2020 20:30:00
23/08/2020 20:30:00
07/09/2020 19:30:00
14/09/2020 20:00:00
19/09/2020 19:30:00
27/09/2020 19:30:00
- Before demand response | After demand reduction | After demand increase 05/10/2020 19:00:00
11/10/2020 19:30:00
16/10/2020 19:00:00
22/10/2020 19:00:00
Energy ContraCted 24/10/2020 19:30:00
Time block consumption| capacity 02/11/2020 19:30:00
08/11/2020 19:00:00
( kW h ) ( kW) 14/11/2020 18:00:00
19/11/2020 19:00:00
324.4 4.0 323.7 4.0 324.4 4.0 22/11/2020 18:00:00
05/12/2020 17:00:00
261.8 4.0 260.8 4.0 14/12/2020 17:30:00
1029.3 4.2 1026.2 4.2 20ii2/2020 EiS

1
2
3
4
5



Dynamic local tariffs My
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Network charges (€/year) under each tariff structure for pCPT (20% demand
reduction) and nCPT (+11kW demand increase)

DR of 20% reduction when pCPT

Current

pCPT without demand reduction

213.53

146.45

131.92

pCPT with 20% demand reduction

206.32

143.58

130.67

Sawvings

-3%

-2%

-1%

DR of increase of 11 kW when nCPT Current M1 M2
Base tariff with demand increase 813.44 432.97 259.47
nCPT with demand increase 349.99 250.44 185.33
Savings -57% -42% -29%
NnCPT with demand increase an.d gxemptlon N/A 188.07 N/A
for excessed contracted capacity in M1
Savings N/A -57% N/A

There is a need for fine-tuning CPT price factors under M1 and M2

comillas.edu
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Summary of M
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« Producers and injections into the grid coming from active
customers are not charged, but neither rewarded.

« Methodology 1 is justified while the penetration of distributed
generation or active customers is small.

« Methodology 1 is proposed as a transition between the current
method and Methodology 2, which is more cost-reflective, but
more complex.

* Time of use capacity and energy charges promote efficient
development of active customers, i.e. electric vehicle charging

* Time of use withdrawal capacity and energy charges promote
self-consumption and energy communities with no injection
to the grid mm=) Promotion of behind the meter storage in this
type of installations

comillas.edu
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« Methodology 2 for cost-reflective charges does not discriminate among
producers or consumers, among withdrawals and injections into the grid.

» Residual charges are only allocated to consumers

* Hourly differentiated network charges efficiently signal the network
impacts caused by electric vehicle charging, self-consumption, or
energy storage.

 Energy communities are treated as regular customers, as independent
active customers and producers causing injections or withdrawals

 For the sake of facilitating the practical application, time-blocks could be
applied defining typical days along the year and joining those hours with
similar charges after the forward-looking charges calculation

» Customers without smart-meters could be treated as in Methodology 1,
where charges are joined to one single charge. In this case, customers
without smart-meters would face one energy charge and one residual
charge

comillas.edu
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* Methodology 1
» Tariff structure

» Methodology 2
* Tariff structure

 Data for simulations

» Impact analysis on customer groups
* Impact analysis on active customers
« Recommendations
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SWOT - New tariffs M1 My

comias  and M2

Strengths

Cost-reflectivity with time discrimination
M1.: different contracted capacities could be
chosen according to flexible customer needs
M2: symmetric treatment of consumers and
generators through peak coincident energy
charges

ELEKTROINSTITUT MILAN VIDMAR
Institut za elekirogospodarstvo in elekiroindustrijo

Liubliana

Weaknesses

e Complexity to be understood by residential
customers. Higher in M2

Opportunities

e The need to adapt required mandates of the
CEP, specifically for active customers and
energy communities
Enable the efficient treatment of flexibility
costs and their allocation

comill

Threats

e Adequate dissemination required for social
acceptance in the transition
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[l oo T Hobliema

« Migrate from current tariffs to M1 tariffs

* Initially contracted capacities should be adjusted for all time-
blocks to already charged capacities

* Provide smart meter qualified information to customers about
the actual peak use of the network for each time-block

» Customers would adapt their contracted capacities

 After several years of experience migrate from tariffs M1 to
tariffs M2

comillas.edu
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Don’t pay network charges

« Energy withdrawals (15-min Generator

P 't pay network charges
samples) from regular and active | . ‘ ot pRynetwerk chare
Baseline

customers and standalone storage
are subject to network capacity and '
energy charges differentiated by
time-blocks
* Injectlons from generator_s, Storage exclusively providing flexibility, baseline no charging or discharging
standalone storage (pumping hydro  » Dorvt pay network charges
plants or battery installations) or ‘ Pay energy and capaciy
active consumers are neither o | Baseline

charged nor rewarded | v

» Standalone storage and active
customers may incur in extra network Active customer
charges due to explicit flexibility ’

provision for system services. To v s et e
achieve a level playing field with ) . e ey ra

. . Net Baseline capacity) network charges
generators, it is recommended to Consumption v
exempt standalone storage and

active customers from those extra
charges.

comillas.edu
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» Generators, standalone storage (pumping hydro plants or battery
installations) and regular & active consumers are subject to network
peak-coincident energy charges(rewarded/charged) on their net
injection/withdrawal profiles (15-min samples)

» Peak-coincident energy charges can be either positive or negative
(reward), double charging of storage, understood as paying both for
withdrawing and injecting energy, is avoided

» Residual charges are only allocated to consumers. Generators and
standalone storage are exempted. They are considered market assets that
would internalize in their energy offers those costs which are not cost-
reflective

* The provision of explicit flexibility for system services does not need
any exemptions. Generators, standalone storage or active consumers will
be charged/rewarded by the net-metered hourly consumption/injection once
the flexibility services have been provided

comillas.edu
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Questions?

* Tomas Gomez San Roman
tomas@comillas.edu

- José Pablo Chaves Avila
jchaves@comillas.edu

* Nicolas Morell Dameto
nmorell@comillas.edu

comillas.edu
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N 2
a¢ Slovenian current
FITY i E
COMILLAS t k tariff 2
e n e W O r ar I S ln.iti[utifﬁ?ijiﬂﬁﬁﬁﬁdustrim
[ e o TR ot
Customer group Tariffs*
1. Cost allocation to customer Type  of Capacity Consumed  energy
groups according to Voltage level connection Load factor (EUR/KW/month (EUR/kWh)
estimated contribution to vI |MT |ET
system peak T > 6,000 hr
HV 6,000 > T >
(VN) 2,500 hr
T < 2,500 hr
T >2,500 hr
Busbar MV
. MV T <2,500 hr
2. Allocation to energy and (SN) =
capacity charges = > 2’500 =
T >2,500 hr
Busbar LV
T < 2,500 hr
T >2,500 hr
T <2,500 hr
LV i
charging EV
3. Allocation to day-night e Without
charges crvres
measurement
household

comillas.edu




Customers without My
comiLtas  smart-meters under N
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tariff M1

 For the case of LV customers without smart metering, a
simplified capacity and energy tariff with no time-blocks is
calculated as the aggregation of the different terms calculated for
regular LV tariffs.

* LV customers without smart-meters would face:

* one contracted capacity term, assuming that the contracted capacity
Is the same for all time-blocks, calculated as the sum of all the time-
block capacity charges for regular LV tariffs, and

* one energy term (or two, depending on the electromechanical meter)
calculated as the weighted average of the energy time-block charges for
regular LV tariffs.

comillas.edu




