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Available Transmission Transfer Efficiency
(ATTE) as an Index Measurement for Power
Transmission Grid Performance

Ahmad Abubakar Sadig, Mark N. Nwohu, Jacob Tsado, Ahmad A. Ashraf, Agbachi E. Okenna , Enesi E.
Yahaya, Ambafi James Garba

Abstract—Transmission system performance analysis is vital to
proper planning and operations 91‘" power systems in the presence of
deregulation. Key performance indicators (KPIs) are ofien used as
measure of degree of performance. This paper gives a novel method
to determine the transmission efficiency by evaluating the ratio of
real power losses incurred from a specified transfer direction.
Available Transmission Transfer Efficiency (ATTE) expresses the
percentage of real power received resulting from inter-area available
power transfer. The Tie line (Rated system path) performance is seen
to differ from system wide (Network response) performance and
ATTE values obtained are transfer direction specific. The required
sending end quantities with specified receiving end ATC and the
receiving end power circle diagram are obtained for the tie line
analysis. The amount of real power loss load relative 1o the available

transfer capability gives a measure of the transmission grid
efficiency.

Keywords—Available transfer capability,efficiency performance,
real power, transmission system.

[. INTRODUCTION

N modern power systems, Electrical power transmission

network performance issues are important as they ensure the
efficiency and security of generation, transmission and
distribution thereby improving system wide reliability.
Worldwide, utility companies and transmission system
operators (TSO) are embracing deregulated framework in
electrical power sector, thereby replacing traditional and
centralized controlled grid structures, resulting into increase
volume of bilateral transactions as well as operation and
control of power systems in different ways. Hence,
transmission grids are going to be operated closer to their
limits. In the structure of deregulation, generation resources
are often managed and operated by independent power
producers while government adequately provide the facility of
economical transaction between generators and consumers [1],

2).

The transmission network delivers large volumes of
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electricity from generation companies (Gencos) to load
centers. Power system performance indicators have been used
by utilities/Transmission system operators (TSO), this can be
seen from various utility /TSO gathering to enhance power
system performance by benchmarking parameters among
participating utilities. Transmission system
companies/operators usually measure their achievements by
using various types of qualitative and quantitative
assessments. The quantitative indicators are commonly known
as Key Performance Indicators (KPIs). Technical and financial
KPIs can be used to measure the degree of achievements
through monitoring of a number of performance indicators.
The technical and financial KPls may include: System
Average Interruption Frequency Index (SAIF), System
Average Interruption Duration Index (SAID), Energy Not
Supplied (ENS), Average Interruption Time (AIT), Overhead
Lines Maintenance Cost Index (OHLMCI) and Substation
Maintenance Cost Index (SSMCI) (3], {4]. Technical
performance of electricity transmission system is also
quantified using measures such as system unavailability,
quality of supply and energy lost. Energy lost measured in
MWh is a transmission system incident occurrence such as
element outages [3].

Electric power generation facilities in Nigeria has witness
increase investment in order to meet increase in demand from
consumers, without a  proportionate investment in
transmission; coupled with the difficulties in new transmission
facility-acquiring new right of ways. Optimal and reliable
operations of the existing transmission interconnections is
sought afier as an immediate solution; hence the need to assess
transmission network performance for secure operation and
planning as well as avoid congestion in an emerging Nigerian
power sector deregulation. ATC and TTC are both indicators
of transmission system performance [6].

Besides the need to accurately and rapidly assess the real
time capabilities of the transmission grid in the restructuring
of the electric power industry, knowledge and understanding
(in the presence of deregulated power network) of power
system network performance is vital in modern frame work of
electricity supply. Output from transfer capability simulations
provides general network steady state parameters since it is
load a flow solution, bus voltage magnitude and phases, line
real and reactive power flows, line losses and henFe the
resulting ATC is computed. This information is vital to
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¢ TRANSMISSION TRANSFER EFFICIENCY
(ATTE)

Amount of power rransferable over a given line above
already committed uses is a measure of the Available transfer
capability, often limited by the line thermal loading and hence
a measure of transmission system performance. Various
wransfer cases with contingency consideration to simulate the
resulting effects on power flows while considering thermal,
voltage and generator reactive power limits gives an in-depth
measure of transmission system performance in the presence
of various power transfer scenarios considered. In this paper,
tie line inter-area ATTE was also considered in the Nigerian
330kV transmission grid. The ratio of Available real power
transfer at buying (receiving) and selling (sending) end is a
measure of the transmission system efficiency for a given
solved transfer case and direction. Consequently, in this paper,
we introduce a novel concept to determine the transmission
transfer efficiency by the term Available Transmission
Transfer Efficiency (ATTE). Available transmission real
power transfer efficiency is then defined as the ratio of the real
power transfer at the receiving (buying) and sending (selling)
end bus, as given in (7):

IV, AVAILABL

atc
— _R@3¢) (7)
thermal — palc x100%

5(3¢)

ATTE

where ATTE .., . is the Available Transmission Transfer
efficiency, the transfer here is limited by transmission thermal
loading and peculiar to the specified transfer case. Py, . i

the real power in MW at the receiving/sink end above base
case up to binding security limit which is equivalent to the

ATC and P}, . is the real power in MW transferred at the

sending/source end above base case up 10 binding security
limit which is equivalent to the ATC plus losses incurred

resulting from a transfer direction.
Therefore, by definition, the ATC evaluation method used

in this paper gives ATC as in (8):

_ " 8
ATC =% P '(Aaw)~ 3 Py (8)
ie RA 1ERA
: sth 1 . . a
Where P, /(A g,y )18 the i" bus real power load at the
maximum loading parameter whiIePL“J is the base case i"
bus real power load. RA means receiving area.
Hence, Py, is equivalent to the ATC, while e, 1S the
ATC plus the real power losses associated with the transfer
direction. Mathematically, we have that:

B* =R+ P, OR
P.S = ATC+PIII‘J (9)
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ATC
i ATTE = e 2= o 1101018 OR
ATC+ P
" ATTE = l < 100%
L btre (10)

The term £ i ;

L urc is the amount of loss load relative to

the available transfer capability. Hence, the lower the value of
pe , the higher will ATTE obtained.

In this paper, the Nigerian 330kV transmission grid is
divided to four areas in conformity with the utility structure of
Island, hence, inter-area Available transfer capability between
the four identified areas are considered. The Nigerian grid
modeled in PSAT environment is given in [8]

A. Areal to Area2 Power Transfer

For line performance analysis, the transfer case is modeled
such that at the maximum loading parameter which gives the
Available Transfer capability, the load at the receiving end is
the sum of all loads which is a member of the receiving area

(i.e. area2). This is given in (L1):
PLRI:...,‘J = Z B s

ie R A

(1

Where p #4 is the total real power load of the receiving

area (RA) at the maximum loading parameter Amx while

Ff: ., is the i" bus real power load of the receiving area at

A

B. Bus3 (Jebba TS) to Bus7 (Oshogbo)

This tie line physically connects areal to area2 only,
without any physical path from areal to other areas. Radial
nature of the grid makes this tie line critical to the entire grid.
However, transactions involving other areas (area2, area3 and
aread) with areal are equally considered to adequately
analyses the tie performance. The tie line is a three phase,
50Hz, 330kV transmission line of length 157km. The line
parameters are R = 0.078km, C = 0.022218uF/km, L =
0.606mH/km. The line thermal rating is linenma = 1360A [I8].
Nominal = model is used in this paper for the tie line.

V.RESULTS AND DISCUSSION

[nter-area transmission transfer efficiency of the Nigerian
330KV transmission grid was considered. Table I shows the
Inter — Area ATTE values among the four areas of the
Nigerian grid.

TABLE |
INTER-AREA TRANSMISSION TRANSFER EFFICIENCY OF NIGERIAN GRID
Inter-area Transmission Transfer Efficiency (%)
SOURCE AREAS

Source/Sink Area AREA | AREA 2 AREA 3 AREA 4
£ AREAI Void 93.88 90.89 91.64
5 AREA2 9482 void 9664 9537
': AREA3 99.91 97.91 voud 97.05
; AREA 4 93.65 94 56 92.60 void
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Fig. 2 Transmission Real power loss with respect to voltage
regulation and efficiency

In Fig. 4 a comparison is made between rated system path
method of ATTE and network response method, the Tie line
(Rated system path) performance is seen to differ from system
wide (Network response) performance, hence the rated system
path method provide a too optimistic ATTE. Fig. 5 shows the
tie line load ability curve under three limits: practical line load
ability, theoretical stability limit and the thermal limit, all for
up to one fourth of the wavelength. SIL obtained is
659.39MW at 30°

Valtage prafile for length upio 1% wanelength, 7 < 16845 01
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Fig. 3 Voltage profile of the tie line under various loading condition

B2 Nework Response ATTE (%)
R Rated Path ATTE (%)
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Inter Area Transfer

Fig. 4 Comparison between network response and rated system

ATTE
TABLE V
TIE LINE PERFORMANCE FOR SPECIFIED RECEIVING END ATC (PR)
Required . i s
Vr S Vs ) Pr Ps Ploss I % Voltage Efficiency
: s(A) IK(A) .
Tansfer  (volts)  (Volls) oM (MW)  (MW)  (MW) ‘ Regulation (%)
Area] ;O 330 458.43 -25.84 148693 1784.61 297,68 275991 289048 41.23 83.32
Area
Aceal Tg 330 362.72 5.52 45000  475.59 25.59 79312 874.62 11.74 94.62
Areal
aalle 439 39688 7.05 60649 65401 4752 108623  1178.97 16.00 9273
Aread
il Lo 330 401.46 9.49 88141 98394 102.53 1606.64  1713.40 23.67 89.58
Areal '
ficad La 330 416.69 10.81 104606 1191.57 14551 1919.69 203346 28.37 87.78
Areal
Asead To 330 396.15 9.00 82342 91259 89.17 1496.56  1600.66 22.04 90.23
Areal ) '
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