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Summary: This document is a description of quality regulation for Distribution System Opera-
tors included in the new regulations model for 2016-2020 and informed by the SAIDI, SAIFI,
CRP and CPD indices. The changes have an impact on the amount of return from regulated
income of enterprises that distribute electric energy. In the new system, failure to fulfil the con-
ditions and indices results in a decrease of return on capital for the DSOs.

1. INTRODUCTION

2015 was the final year of the previous regulation
model for the five biggest Distribution System Operators
(DSOs) in Poland. The new model was introduced on the
Ist of January 2016, based on an agreement between the
Polish Energy Regulatory Office (Polish: Urzad Regulacji
Energetyki, URE) and the DSOs. This model includes,
amongst other things, an updated approach towards the es-
tablishing of a weighted average cost of capital, repeated
assessment of enterprises’ effectiveness in terms of operat-
ing costs and costs of buying electricity to cover network
losses, as well as introducing (for the first time) elements
of quality regulation [7].

This newly introduced model of regulations, includ-
ing quality elements, primarily deals with:
improvement of quality of electric energy distribu-
tion services, through improvement in the continu-
ity of energy supply,
improvement of quality of customer service for
both the users and the producers of electric energy,
optimising regulated income (fine-tuning of invest-
ment incentives),
an increase in the effectiveness of distribution
companies,
preservation of current investment levels, and
preservation of the affordability of electric energy
distribution services prices.

2. THE REASONS FOR INTRODUCING
NEW RULES FOR REGULATIONS

The value of DSO investments in Poland has in-
creased by over 50% in the past five years (Figure 1),
however the values of the System Average Interruption
Duration Index (SAIDI) and the System Average Inter-
ruption Frequency Index (SAIFI) still deviate from Eu-
ropean averages (Figures 2 and 3) [2,4].
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Value of investments made by the four biggest DSOs in Poland
between 2009-2014
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Fig. 1. Investment expenditures of the four biggest DSOs in Po-
land in 2009-2014. Source: own analysis based on the year
ly reports of the companies'.
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Fig. 2. Mean SAIDI index calculated as the sum of planned and
unplanned interruptions, including exceptional events, for select-
ed countries of Europe, and Poland from 2007 — 2013 [1].
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Fig. 3. Mean SAIFI index calculated as the sum of planned and
unplanned interruptions, including exceptional events, for select-
ed countries of Europe, and Poland from 2007 — 2013 [1].

1) Investment expenditures of the following companies were taken into
account in the calculations: ENEA Operator, Energa Operator, PGE Dys-
trybucja, TAURON Dystrybucja.
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Fig. 4. SAIDI indices for the biggest DSOs in Poland for 2014
(sum of planned and unplanned interruptions, including excep-
tional events). Source: DSO data.

SAIFI index for the biggest DSOs in Poland for 2014

4,50
4,00

3,97
3,68 3,54 —
3,50 2
3,00
2,50
2,00
1,46
1,50
1,00
0,50

0,00

SAIFI [interruptions/year]

m ENEA Operator ® ENERGA-OPERATOR = PGE Dystrybucja ® RWE Stoen Operator ® TAURON Dystrybucja

Fig. 5. SAIFI indices for the biggest DSOs in Poland for 2014
(sum of planned and unplanned interruptions, including excep-
tional events). Source: DSO data.

The values of the SAIDI and SAIFI indices for the
five biggest Distribution System Operators in Poland are
presented in figures 4 and 5.

Due to the large differences between Poland and other
European countries, and taking into account the need for
improvement of quality of the Operators’ services, the
head of the URE decided that the new regulations model
for 2016-2020 must focus on the improvement of quality
of services of electric energy distribution for the receiv-
ers of the energy. Groundwork on the model began in
2013, and by 2014 the head of the URE had obliged the
five biggest DSOs to install balancing meters in MV/
LV stations. The number of meters installed should re-
flect the specified representative group of receivers by
the end of 2015 (about 51%) and a minimum of 80% of
receivers by 2018. In the long term this will allow the es-
tablishing of, amongst other things, the duration of low
voltage energy supply interruptions [5,9].

3. PROPOSITIONS OF THE INTRODUCED
QUALITY REGULATION

The Regulator, through discussions with the Opera-
tors, established that the indices that have a direct influ-
ence on the DSOs’ regulated income are the quality of
supply indices, namely [6]:

— SAIDI, and

— SAIFI,

and the indices concerned with customer service quality:
— time taken to connect to the network (CRP), and

— transfer time of data regarding metering and billing

data (CPD) — to be introduced to quality regula-
tion from 2018.
The URE also reserves the right to monitor other quality
indices, such as:
time to issue conditions for connection to a grid
with a rated voltage not higher than 1 kV,
response time for customer enquiries or complaints
with regards to billing,
— response time for customer enquiries or complaints
that do not regard billing,
response time for customer enquiries or complaints
with regards to billing, submitted by a seller on
behalf of a customer,
response time for customer enquiries or complaints
that do not regard billing, submitted by a seller on
behalf of a customer,
response time for meter malfunctions,
efficiency of the change of seller process, and
efficiency of the process of connecting micro
generation.
The above indices are essential for building a system
of Key Performance Indicators (KPI). Applying KPI to
technical objects provides information that allows con-
tinuous monitoring of the degree of achievement of the
objectives, which in turn facilitates the making of swift
decisions, prioritising tasks, and fine tuning strategy for
quality regulation. Figure 6 shows a diagram of the pro-
cess of quality regulation.

4. RULES FOR CALCULATING REGULATED
INCOME IN THE NEW MODEL

Regulated income in a company involved in electri-
cal energy distribution is calculated using the following
equation:

RI=Cy+A+Tg+Cop+ Cpy+ T+ Cs+ 0 (1)

where:

RI  — regulated income,
C, — operating costs,
A — depreciation,

Ty — grid assets taxes,

Cce — costs of capital,

C,;  — cost of buying electricity to cover network
losses,

T,  —costs of energy transit,

Cs;  — costs of purchasing transmission services from
DSOs,

o — other elements of regulated income.

In the model that was in effect between 2011-2015
the return of cost of capital of a tariff for a given year
was established using the equation (2):

Ree =RAV; x WACC; 2)
where:
Ree — return of cost of capital of a tariff for year ¢,
RAV, —regulatory asset value for year # (includ-
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Fig. 6. Diagram of the functioning process of quality regulation.
Source: authors.

(AMI) investments),

WACC, — weighted average cost of capital determined
for year ¢ (increased by 7% for AMI
investments).

In the new model, which will be in effect between
2016-2020, there will be a change in the way that return
on capital is calculated. The equation for calculating the
return of cost of capital is:

Ree = RAV; x WACC, x Q; x RI; 3)
where:
Ree — return of cost of capital of a tariff for year ¢,
RAV, —regulatory asset value for year ¢ (including

AMI investments agreed with the head of the
URE before the 31th March 2015),

WACC; — weighted average cost of capital determined
for year ¢ (increased by including AMI inves-
ments agreed with the head of the URE
before the 31th March 2015 by 7%) ,

Q; — coefficient of quality regulation
implementation,
RI; — regulatory index.

In comparison to the previous model, two new coef-
ficients are introduced:

— the coefficient of implementation of quality regula-
tion Q;, which is between 0.85+1.0 and takes into
account the possibility that the quality regulation
fails to have the appropriate effect,

— the regulatory index RI; (determined individually
for each DSO), which is between 0.9 + 1.1 and
takes into account the assessment of innovativeness
of activities undertaken by the DSO.

Note: in the calculation of tariff for 2016, Q; and

RI; were set to 1

The head of the URE, in the newly introduced regu-
lation, defined and approved a penalty for the possible
exceeding of the values of the aforementioned coeffi-
cients. The penalty was determined to be up to 2% of
regulated income and up to 15% of the return on capital.

The implementation of goals of the quality regulation

may lead to financial benefits for the operators, in the

form of a lack of reductions of return on capital in the
years 2018-2020. Data regarding the accomplishment
of goals in 2016 will only be known in 2017 and they
will serve as a basis for the determining of the return on
capital for 2018.

5. ACTIVITIES SCHEDULED FOR THE NEW
REGULATION PERIOD

Due to the need to gather data, the introduction of
new quality regulation has been divided into two stages.
The first stage began with the introduction of the new
quality regulations on the 1st of January 2016, and will
end on the 31st of December 2017. The second stage
will be in effect between 2018-2020. The individual ele-
ments of the process of quality regulation are presented
in Figure 7.

While the model is in effect, the improvement of
quality indices will be implemented in the following or-
der (Figure 8):

— determining the starting point based on historical
data gathered in the previous period of regulation
functioning,

— determining the ultimate target KPI»(o(, that is the
index’s level for 2020,

— determining the target KPI»016_2019 for each of the
accounting periods during the functioning of the
regulation,

— determining the range of neutral KPI for each
of the PnKPI»(16_2020 periods of regulation
functioning,

— determining the maximum penalty MpKPI12016-
2020 or bonus MbKPI2016-2020 for each of the
periods of regulation functioning.

The first stage of regulation functioning (2016-2017)
will be concerned with the SAIDI, SAIFI, and CRP indi-
ces, which will have an influence on the regulated income
in tariffs for 2018-2020. Values of the Key Performance
Indicators (KPI) for the SAIDI/SAIFI indices for 2016—
2017 will be determined using equations (4) and (5):

0,15
)

0,10
KPLyyi6,541r1 = PS2015,54181 * (1 —T)

KPILyi6,54101 = PS2015,54101 * (1=

(4)

KPIyo17.s4ip1 = PS2015,54101 * (1= 0,15); KPly017 54151 =
= PSy015, 54177 *(1-0,10) (5

On the other hand, in the second stage of the regula-
tion functioning, goals will be determined using the fol-
lowing equation (6):

KPI, s4ip1/s41r1 = KPLaooo saipisairr +1080.25 (4 )*
*(PSy015,54101/841F1 — KPI2020 541D1/S4IFT

(6)

where:
KPI;  —the key performance indicator (goal) for
the given period of regulation,
from 2018 until 2020 [minutes/recipient;
number of interruptions/recipient.],
PS»015 — the starting point, determined at the end of
2015 [minutes/recipient; number of
interruptions/recipient.],

KPI; - the key performance indicator (goal) for 2020,

3
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Fig. 7. A diagram of the process of the functioning of quality regu-
lation [3].
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Fig. 8. General principles of functioning of the quality regulation
model, taking KPI ( SAIDI, SAIFI) as an example [4,8].

[minutes/recipient; number of
interruptions/recipient. ],

Ay — the argument of the logarithm is 0.6259 for
2018, 0.8125 for 2019 and 1.00 for 2020
[minutes/recipient; number of
interruptions/recipient.].

The starting points for the SAIDI and SAIFI indices
for the first year of the new model’s functioning will be
the level of accomplishment of DSO indices for 2014.
The neutral range (Pn; sA1DI/SAIFI) has been determined
as 5% of the target KPI for the given year of the regula-
tion period. The index limiting the maximum penalty
(Km satpi/sarrn), will equal 25% of the target KPI
established for the given year of the regulation period.
Penalties will be calculated linearly.

The Time Taken to Connect (CRP) index for years
20162017 will be calculated using equation (7):

0,15
KPI, crp v iv = PSao15,54101 * (1 —T)

0,10 )
KPLyy6,541r1 = PS2015, 5411 * (1 —’T)

The starting point, PSy(15, will be determined indi-
vidually for each of the DSOs, as a percentage of imple-
mented grid connection contracts in an 18 month period,
for IV and V customer groups separately?, based on data
from 2013-2014. Additionally, a stipulation was intro-
duced that for the determination of the starting point,
2% of contracts — those with the shortest and longest
implementation times — shall not be taken into account.

The final goals for the index in 2020 are to be deter-
mined determined using equation (8):

PSyo15,crp 1y /v +100%

KPILyoo,crr1viv = 2 ®)
where:
KPI; - the Key Productivity Index (goal) for CRP in

2020 for IV and V grid connection groups
(separately) [%],

PS»015 — the CRP starting point for [V and V connec-
tion groups (separately) [%].

The second stage of regulation functioning (2018
—2020) will be concerned with the SAIDI SAIFI, and
CRP indices, as well as the newly introduced CPD in-
dex. It should be stressed that the targets for the SAIDI
and SAIFI indices will be subject to change in the course
of the functioning of the new regulation. Between 2016
—2017 they will be determined individually based on the
values provided by the biggest DSOs and will not take
into account the differences in area types, whereas from
2018 a distinction between 3 categories of areas will be
introduced, based on the Polish administrative territorial
entities [8]:

— larger urban areas (powiat ),

— smaller urban areas (urban gmina , or the urban part
of urban-rural gmina),

— rural areas (rural gmina, or the rural part of urban-
rural gmina)

The areas will be determined based on the admin-
istration listing of the Polish Central Statistical Office
(Gtowny Urzad Statystyczny). Moreover, from 2018,
uniform goals will be introduced for all of the DSOs in
the area categories.

Values of the Key Performance Indicators (KPI) for
the SAIDI/SAFI indices in the second stage will be de-
termined by equation (9):

KPI, saiprisarrr = KPLooo,sampr/sairr +1080,25(4) *

*(PS ©)

saipr — KPIyy0 saipr/sarr)
> SAIFT

where:
KPI; —the key performance indicator (goal) for
agiven period of regulation, from 2018 to 2020
[minutes/recipient; number of
interruptions/recipient.],
PS»015 — thestartingpointdeterminedfortheendof2015
[minutes/recipient; number of
interruptions/recipient.],

KPI»0o0 —the key performance indicator (goal) for 2020,

2) Customer group IV: entities connected directly to a distribution net-
work of rate voltage that is less than or equal to 1 kV and connection load
greater than 40 kW, or rate current of circuit breakers in current channel
greater than 63 A.

Customer group V: entities connected directly to a distribution network of
rate voltage that is less than or equal to 1 kV and connection load greater
than 40 kW, and rate current of circuit breakers in current channel greater
than 63 A
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[minutes/recipient; number of
interruptions/recipient.],

—the argument of the logarithm for 2018 is
0.6259, 0.8125 for 2019 and 1.00 for 2020
[minutes/recipient; number of
interruptions/recipient.].

The equation used to determine the CRP index re-
mains unchanged from the previous stage. The value of
the Q; coefficient, which influences the value of regu-
lated income for year t, taking into account data for year
t-2, will be calculated using the following formula:

Ay

Or = PRy *[1.40%* f (SAIDI, ) +0,50%* f (SAIFI, )+
+1,00%* f(CRP_»)+0,50%* f(CPD,_,)]

(10)
where:
Q — the impact of quality regulation on the regu-

lated revenue, [thousand zi],
f(SAIDI;.») — feature performance indicator SAIDI in
year t-2,
f(SAIFl;p) - feature performance indicator SAIFI in
year t-2,
f(CRP.p) — feature performance indicator CRP (dura-
tion of connection) in the year t-2, the weight
CRPg1v = 10%, CRPgv = 90%, gr. IV, V
— the fourth, fifth group connection,
f(CPDy.») — feature performance indicator CPD will be
determined after the verification of the mo-
del quality regulation in 2017,
PRpazowy (1) — regulated revenue calculated on the tariff

( -1,

f(SAIDI;.2) =4 _ (KPli_3 sapi — Pne—2 saipr)
(Kmy_3 sarpr — Pne_z sampr)’

r -1,

f(SAIFI,,) =« _ (KPIt—3 sarrr — Pny—z sarrr)
(Kmye_3 sarpr — Pe—z sarrr)’

\

f(CRP,.2) = f(CRP.2,1y) * 0,1 + f(CRP,.5,y) = 0,9,

-1,
0,

f(CRPy2,1v) = _ (Pn¢_zcrp v — KPly_z crp1v)
(Pny_zcrpiv — Kmy_acrpiv) ’

year t excluding the impact of quality re-
gulation, [thousand. zt],

KPI; 7 xxx - the purpose of the settlement KPI in year
t-2 (SAIDI, SAIFI, CRP, CPD) [min/rec.;
the number of interruptions / rec.; %],

— neutral range for the KPI in year t-2
(SAIDI, SAIFI, CRP, CPD) [min/rec.; the
number of interruptions / rec.; %],

Kmyy xxx - the maximum penalty for the KPI in year

t-2 (SAIDI, SAIFI, CRP, CPD) [min/rec.;
the number of interruptions / rec .; %].

Pnzy xxx

6. CONCLUSION

The new regulatory model, introduced on the 1st Jan-
uary 2016, is essential to the improvement of the quality
of services provided by Distribution System Operators.
The analysis of data comparing energy supply continu-
ity indices in Poland and Europe clearly shows that Po-
land is underperforming in comparison to other Euro-
pean countries. Introducing quality regulations is both
an opportunity and a challenge for distribution compa-
nies. Apart from the financial benefits, Operators have
a chance to improve their image, as well as to improve
the effectiveness of their enterprises. Additional benefits
from the introduction of the new DSO regulation, which
takes into account research on the condition of electric-
ity grids, include: a distinct plan of grid investments, the
planned introduction of new sources of energy, identifi-

KPI;_5 saipr = Kmy_5 sampi,
0, KPIl_3 saipr < PNy_s samprn,

Pny_; saipr < KPly_3 saipr < KMy_j saiprs

KPIi_5 satrr 2 Kmy_5 sarri,
0, KPI;_3 satrr < PN¢_p sarrn

Pny_; sairr < KPly_ sarrr < KMy_s sarpn,

KPli_3crpiv < Kmy_z crp v,
KPlt_3crp v = PN¢—z crp 1v)

Kmy_scrpiv < KPli_ crpiv < PNz crp v,




=
0,

f(CRPt-Z, 1v) =91 (Pny_z crpiv — KPIli_3 crp1v)
(Pne_zcrpiv — KMy_3 crp 1v)

’

_1/
0,
f(CRPt-Z, v) =3_ (Pny_zcrpv — KPIli_3 crpv)

(Pny—zcrev —Kmy_z crpv)

cation of sites whose grids need modernisation or expan-
sion, and the development of a Smart Grid.

The key performance indicators presented in this ar-
ticle for the SAIDI/SAIFI and CRP indices are an ap-
propriate set of values which allow the reliable evalua-
tion of the assessment and accuracy of decisions made
with regards to quality regulation. Moreover, one can
infer from the performance indicators which elements of
a DSO’s activity are functioning properly, and which are
lacking and need to be improved.

Historical data regarding the frequency and character
of operating events, as well as data obtained from com-
putational analyses and simulations of the considered
maintenance processes of technical objects can serve
as a source of information expressed by the key perfor-
mance indicators.
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