Elektroenergetika Journal Vol. 2, No. 4, October 2 009 42-127-1-SM-1

Jerzy Szkutnik, Anna Gawlak

Dynamic Efficiency of Energy Distribution over Power
Networks

Abstract

This paper describes the impact of modern solutionsrds network infrastructure on the efficiendéyeaergy
distribution in distribution networks. These compots included high-temperature wires and SUPERTRAFO
transformers. Based on the newest version of awghsoftware STRATY2008, extensive analyses of the
profitability of these type of solutions in distition companies have been conducted. The finalltresas
achieved on the basis of the ENE coefficient (Estésh Network Efficiency), which enabled complex
evaluation of the proposed solutions.

INTRODUCTION

as losses within the norms, while the differencevben real losses
and justified losses as losses exceeding the n@uoesto the fact that
at present there are no calculations of lossesafordistribution

companies, one can base only on available dataapprox. 20

companies. This is however sufficient to draw cosigns. Losses
exceeding the norms are over 14% higher than lagiskes the norms
for low voltage network and by 12% higher for mediwoltage

network —13,25% on average. This is not much, batle estimated
at PLN 2,5 million for an average distribution caanp. In order to
Sgive more insight on this issue, we chose two ithistion companies
at random and presented their losses for the pefitite last 5 years.
Figure 1 depicts losses within the norms (justjfieehd losses
exceeding the norms (unjustified).

The word ,losses” has two meanings i.e. losseshia t
financial and technical sense. Financial lossesbeadivided into two
types: losses within the norms and losses excedbagorms. These
two categories are differently treated in econoamalyses. Losses
within the norms are included in operational exgsnsvhile losses
exceeding the norms constitute real losses thaetierprise incurs
[2,3,4,12]. As technical losses has financial ctigra it is advisable to
divide them into categories like in economics. éalrnetworks, there
is also another type of losses, so called tradeeksThese are losse
connected with the sale of energy, although theyaiso refer to the
purchase of energy. They are not technical logsgshave financial
character, so they should also be split into apjmte categories.
Different categories of losses shall be analysquhrsgely, because
problems connected with them are different.

There are three types of technical losses in theark elements:

- real losses i.e. losses that are incurred in theark, 1

- justifies losses i.e. losses that can be achiemethé network o ]
based on its current condition,

- optimal losses i.e. losses that should be incuresgd on the
current operational costs. -

300 4— Bceeding the nomns
B vithn the norms

kWh/odb

The latter type of losses cannot be treated inctitegories of losses
within the norms or exceeding the norms, becausg &éine connected

with investments. It should be mentioned here #aaording to the 0 4J—~J—~J—»J—»
sample analyses, optimal losses, especially inntledium voltage e ;}:er - o )
networks, are higher than calculated. This is altes the high costs F19-1. Losses within the norms and exceeding the norreiirand

of construction of 110kV and medium voltage stationproportion to medium voltage networks for a chosen distributiompany

the costs of energy or even variable costs of coctsbn of lines. In | o )
low voltage network, results are different. It chappen that the High voltage network was excluded from analysisisTimetwork is

network is overinvested. It results from the desireg load. So, there 9overned by other rules and any general conclusiansot be applied
are two categories left i.e. real losses and jestifosses. The term O this type of network. One difference resultsnirdhe fact that
‘justified losses’ was introduced in the analysidosses in 70s. It was d€creasing losses in lower voltage networks hassampact on load
assumed then that if there are energy boards #raincur a certain 105S€s in 110 kV network. However, load losses 0 kV network

level of losses, other energy boards can also wehibat level. Nave the highest share in overall losses in digiob networks. So,
However, one cannot take one energy board thathealsest result in @nalysis of functioning of 110 kV network can lefu significant

one type of losses as a point of reference, becsurste single result PeNefits. The situation is more complex in caseade losses. They
can be a coincidence. So, we took 11 energy bq@ar8sof all) that €@n be divided into two subgroups: so called systemlosses,

incurred the lowest level of losses and calculatkd average cOmmonly existing and losses of illegal consumptibhere is also a
coefficients that have impact on particular typédosses. Lets take third category of losses, so called registratiossés that result from
asymmetry in low voltage network as an example. Hverage delays a_nd mistakes in collections or registratioh energy

coefficient of asymmetry of voltage falls in besimpanies equals cOnsumption. They are however not real losses ab age are

0,25. In a similar way we calculated the averagdues for insignificant in annual analysis. The are more ristee only in

coefficients of idealization of network. Only negi of passive power monthly settlements. Consequently, they can be dgdurom the

in low and medium voltage transformers was treatitbrently — analysis.

there is no point not to net the losses. Full ngttleads to the gystematic losses are easy to interpret. Theytresaihly from the

increased losses in low voltage capacitors, buetiehigher gain on gperational threshold of energy meters. Meters nmaste such a
load losses in medium voltage network. Justifessés can be treated
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threshold. They cannot operate without significzaise. This means The advantages of ACCC/TW wires are:

that there is consumption, which is below that shaid. These are . |ong spans = less pylons, less problems with cootitm of new
various LEDs, devices of very low power, transforsnée.g. bells), lines, lower environmental burden,

which in stand-by mode consume very little enetfthey operate in
the same time as larger devices, their power igvseoinup with that of ~ smaller pylons,

larger devices. If they operate separately, thefrsamption is below -  the lowest resistance among all HTLS wires,
the meters’ threshold. It can be assumed that redie losses are a-  the highest endurance among all HTLS wires,
part of losses within the norms. They amount to reypp 75

kWh/receiver per year. This data is not very rédiahs they come very low sag in high temperature,

from research conducted in 70s and 80s. Such wsearvery -  resistantto oscillation,
expensive and time consuming and one cannot asthahé will be -  resistant to ice load,
repeated in the near future. However it is assuthatithere haven't . he |owest level of release,

been significant changes since then. Some argtenti@rs are more
precise, but on the other hand there are many ogptsans with little
power. Another type of losses that should be aedlyare losses of
illegal consumption. This issue is more complicai®d one hand, it
is obvious that such losses should not exist, buthe other hand it
very hard to prevent from these losses and thegpatame eliminated
in a short period of time. From the realistic poaftview, one can
assume that e.g. losses of illegal consumptioménamount equal to
systematic losses can be treated as losses wibhinsn which means
that losses within norms were 150 kWh/receiver year. The rest
would be losses exceeding the norms

In summary, justified technicalsses
and doubled value of trade losses can be treatéossss within the
norms, the rest as losses exceeding the normsprEisented analysis
of losses is possible based on the last versidheofuthor’'s software
STRATY 2008, which has a broad set of analyticablgofor
calculation of efficiency of energy distribution the networks [7,12].
This software was used also for calculations, whiene described in Il. EFFICIENCY ANALYSES
more detail in the next sections.

don’t include aluminium alloys, but pure alumini§@9,5%).

Fig. 2. ACCC/TW wire [5]

Nowadays produced transformers can be extremegctafé (in
99%), but this parameter depends mainly on the.lbaskes in the
I. NEW GENERATION WIRES transformers’ core exist all the time, from theiation of the device
till its turning off and practically don’t depenchahe transformers’
load. The efficiency of transformer in a conventibway is defined as
active power Preleased by the transformer divided by active powe
P, absorbed by this device (i.e. the sum gfaRd standby and load

The need of distribution of more and more eleckreergy in
conjunction with difficulties in obtaining approeafor construction of
new lines forces distribution companies to searoh wWays of
increasing the distribution capacity of existingwrrks. One of the

solutions is the increased temperature of wireschwim case of AFL losses)

wires operating in +40°C is connected with expensieeessity of P,

making pylons higher and/or strengthening pylonsdeoceptance of n=——% (1)
the temperature of +60°C or +80°C — the highest dabép PZ"'AF])"'AEJbC

temperature of AFL wires. In recent years, thers imareased use of where: B — active power released by the transformer, kW,
HTLS wires (High Temperature Low Sag) that operatemax. AP, — standby losses, KWlP,y. — load losses, kW.
temperature as high as +250°C. Since 1984, alskuirmpe high ] o
temperature wires have been installed, which preffsiency of this As you can see from the formula 1, increased efiicy is made

development. In this article, the authors presentestechnologies of through reduction of unit loss coefficients in s&rmers and in case
HTLS wires with special emphasis on ACCC/TW as the aesilable Of analysis of the whole distribution network, lessn lines.
technology for wires of low sag, which gives thgHest increase of _ 1he investment activities aimed at assurirg litghest efficiency
line capacity with the lowest costs of installatiand operation. of energy distribution shall be based on econoraidémentals. In
the following sections of the article, the analysias limited to one
The ACCC/TW wire is very close to ideal wire, becaaseong all tool i.e. payback period. The payback period & time needed for
wires of low sag, it generates the lowest levdbe$es, operating with cash flows to cover the investments.
increased temperature and operating in the saneetatare as earlier

mentioned AFL wire, it reduces losses by 25% [Shpared to AFL . _ cosbf anewtransforen
wire. This means that due to lower losses, after B years of paybackeriod = fit 2
operation, the ACCC/TW wire is paid off. Moreover,istthe only annuqﬂro I

wire among HTLS wires that due to features of @mposite core has

almost flat characteristics of the sag in relatioiemperature, which ~ Assuming the cost of a new transform&K o is the cost of
means that after exceeding the so called “kneetpdire increase of station resulting from the difference between ,stipnd ,classic”
temperature leads to very small increase of the Bhip enables to ) . .
take full advantage of its operation in high teraperes, whereas transformer and annual profit as annual |an0&§/\/r resulting from

other HTLS wires are limited in this respect. decreased standby and load losses in the transfommee get the
payback period as the time needed for cash floas fnvestments to
cover the investments outlays for modern (more esve)

technology:

The ACCC/TW wire — the aluminium wire and compositeectakes
advantage of the aluminium 1350-O and composite o carbon
and glass in polymeric resin. (Fig. 2). Such coritfms enables
operation of the wire in the temperatures up to Z00
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AK In this case the decreased losses in theonletwsulting from two
OZW =—3L, 3 reasons were included: lower flows of power duentwve economical
A\Nr transformers CﬂESl) and due to the usage of wires of the new
MK = Kgy [ﬂKl —1), () generation in the 110 kV lined\Eg,). Such analysis can be
described as a dynamic one.
AW, =C,, [K, [AAE,, , (5)

where: Ozw - payback period in yearsAKST - cost of

additional transforméstation), KSTK - cost

of classic transformer
times, the cost of

(station), K — number of
,SUPER” transformer

exceeds the cost of ,CLASSIC” onﬂ\/\/r

annual ianows,Cje - unit energy price, K- energy

price index, &En - difference between losses
incurred by classic andSUPERTRAFO
transformer.

The differenc:e&ETr is defined by the following formula:

There are two coefficients for efficiency analysis:

O
ENE, = —2~, 9
"7 0, ©
E. +A\E. + N\E
eng, o (BE, +BEL+BEL)

&E,

where: ENE; - timely increase of efficiencyENE 4¢ -

network increase of efficiency.
Both coefficients analyse the operation ofuwoek elements and
the network in a way that they can be includedadroup of

coefficients that enable dynamic analysis of effigy of energy
distribution.

Fig. 3 and Fig. 4 depict the impact of the baspakameters

2
_ ) (Kiand K3) on the payback period based on formulas (7) and (8)
AE, = (APFeN"K" _APFeN"S")l:rr EEUr ) +
N
1
2 2 6
+ (APCUN"K" ‘APCUN"S")EB Ky 5(2'[5 +ts)|:| ©
2 | |
U.co ¢
T[22 )
U, cosg, [
where: DPravvss and APgy .g. -standby and load 1 —
losses of .super” transformer, =L
o
AP ANAARP, i standby and 5w 1(2) [ 1.
load losses of ,classic” transformer, Xx § 8 13
Bs— transformer load coefficient, ﬁ 6 15 3
T — time, during which the power P flows through i 4 17
an element, + relative time of the peak load; k 2 1,9
coefficient dependent on transformévad, & 0 11 13 15 17 19
corrective coefficient taking into acmt changes of K1
resistance of windings according tdarge of
temperature' 2 -4 46 8 10 012 - 14 4-16 618
|y — average annual voltage on transformer clamps, |Ep BrOovhcwoBermvODo R |

U, indicative voltage of transformer, ;U- voltage
during peak load,U voltage during trough load.

"The payback period for a single transformer camdscribed by
the following formula:

Ksm [ﬂKl _1)
Cje (K, LAAE,,

)

W

The formula (7) includes just the difference bemvetassic and
SUPERTRAFO transformers, which is based on statisiitalysis.

In order to make the analysis more complex, onelshiaclude in
calculations also the changes in the superior mtwe. network that
supplies the analysed transformers. This is de=dtity the formula
(8).

- K [qu _ 1)

e .
Cje EKs [q&ETr + &Eﬂ + &Esz)
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Fig. 3. Payback periocOZW as a function of Kand kg

Additionally the average values of ENE coefficentere
calculated. They amount to:

ENE; =1,36,

ENE =132

Such coefficients prove additional benefits reagltirom the usage of
effective solutions in the network. They shortea playback period by
approx. 36% on one hand and increase the efficiasfcenergy

distribution by approx. 30% on the other. Thesei@alshall be treated
as targeted, dependent on the level of densitpwafstments aimed at
increasing efficiency. It should also be noticedtthayback periods
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are quite short. According to static analysis, thayge from 3,3 to network, as described in this article, to the whodéwork, both low,
8,5 years depending on the relation between césisper and classic medium and 110kV voltage.

transformer. After inclusion of additional effea$ superior network

(dynamic analysis), payback periods range from@ &5 years. They

decrease substantially in both cases when inciefasgergy prices by REFERENCES
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