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Measurement of winding resistance

Measurement of voltage ratio and check of phase
displacement

Measurement of short-circuit impedance and load
loss

Measurement of no-load loss and current

Dielectric routine test
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Test on on-load tap-changers, where appropriate

Check of core and frame insulation for liquid
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Special test Us19msavl

Dielectric special test

Determination of capacitance windings-to-earth,
and between windings

Measurement of dissipation factor (tan) of the
insulation system capacitances

Determination of transient voltage transfer
characteristics

Measurement of zero-sequence impedance(s) on
three-phase transformers

Short-circuit withstand test

Measurement of d.c. insulation resistance each
winding to earth and between windings

Measurement of dissolve gasses in dielectric liquid
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uncertainty
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aVANSS:HIWUS:INAIAYNS UINSFU (International
Organization for Standardization : ISO) lla:ALU:
NSSUIENISSHIWUS:INANAIYUINSIIUATN
31anNselnd (International Electrotechnical Commission
: IEC) 10uunnsguanans:uivdarnuanalusdasnaw
awsngevhovUfinnisnaasuliaieudpiainisasuingu
i0us:uURTEUs:DUAIUASNFOVRYURUAMSHaTaN
TnorusssusevReulfianse:tauasyudiunisus:ou
AUANSNYORYURUIANS 1odududfoudfinnis
(uq T WALNSNZOUMSAITUNSIAAILAILISONY
InAtiATuMshadeu TagbAULNHUOHANWONR:NA1ITA
Tnggodo [DumsTamsilioRv:dAvuousigviuganadsu
Rgndouniuguia:doiiold Taglinanmsideanuiu
oUNSULINSFIU ISO 9000 NIA:ITUNISTAMSAIUTIINS
TudouRiiRgadioufiuyana MsAIUAUMONIDNADL FEMS
nadeou InSoviio3alanadey LINSFIUSWEY FAq
5703y fidievawrsnasunauludunuos3aana(s! Units)
16 msduna:msIamsioog souivmsUs:iunrumuw
IA:NSSIVIUGANSNOADU

LI0STIU 1SO/IEC 17025 Tmistieuunmisunauidd w.e.

- x
0 = = =

0 ISO/IEC Guide 25-1978 : Guideline for assessing the
technical competence of testing laboratory (GLP)

0 ISO/IEC Guide 25-1982 : General requirement for
the competence of testing laboratory (Quality system)

0 ISO/IEC Guide 25-1990 : General requirement for
the competence of testing and calibration laboratory
(Calibration, 1SO 9001, 9002-1987)

.......................... ELECTRICAL ENGINEERING

0 ISO/IEC 17025 -1999 : General requirement for the
competence of testing and calibration laboratory (ISO
9001-1994, ISO 9002-1994)

0 ISO/IEC 17025 -2005 : General requirement for the
competence of testing and calibration laboratory (ISO
9001-2000)
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powaIsnIaTasunmisSusavAavUinnisnaasu
WLI0SIU ISO/IEC Guide 25 NEUNYIULINSTU
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Power Development Planning considering
Regional Constraints

Abstract— Government imposes power development plan (PDP) to develop
the national energy security and to promote the renewable energy and
energy conservation programs. However, without considering regional
conditions, it may cause generation-demand unbalanced in some areas that
leads to system instability and unnecessary transmission expansion. This
paper proposes a policy-based power development planning with considera-
tion of regional constraints. An index based on multi-area reliability concept
is used as a key indicator to determine a proper location for future power
plants if needed. A simplified PDP algorithm with regional constraints is
proposed. This method is suitable for policy-based planning. The proposed
method has been tested with a modified Thailand generation system. Total
costs from the conventional method and from the proposed method are
investigated and then compared.

Keywords—Power Development Plan; Regional Constraint; Heuristic
Approach; Multi-Area Reliability

1. INTRODUCTION

Government imposes power development plan (PDP) to develop the national
energy security and to promote the renewable energy and energy
conservation programs. Typically, in Thailand, when implementing a PDP, the
entire generation system is considered as a single area. Information stated in
the PDP comprises only types, sizes, and technologies of the power plants
needed to be constructed for the next 20 years to meet the forecasted
future demand. [1]-[3] However, without specifying locations where these
power plants should be constructed, it may cause generation-demand
unbalanced in some areas in the future that leads fo system instability and
unnecessary transmission (tie-line) expansion. Therefore, the power
development planning with consideration of regional constraints such as local
demand, tie-line capacity, available resources in each area, and efc.
becomes important.

The regional power development planning (Regional PDP) is a method to
determine the generation expansion planning that takes regional constraints
such as local demand, tie-line capacity, available resources, and etc. into
account as well as specifying proper locations for the future power plants.
The proposed method is based on multi-area reliability concept using
area-based Loss Of Load Expectation (LOLE) as a key indicator to determine
the location that needs a new power plant. A simplified PDP algorithm with
regional constraints is proposed. This method is suitable for policy-based
planning. Main concept of the proposed method can be depicted as a flow
chart shown in Fig 1. It starts with setting up targets, assumptions and
constraints of the plan. Then, existing commission and retirement of power
plants are investigated. After that, current system’s generation and demand
are used to evaluate indices such as reserved margin, LOLE, dispatched
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energy, and etc. Next, system’s risk index, such as LOLE and reserved
margin, is verified to ensure that the system’s risk level is still acceptable. If it
is unacceptable, a new power plant will be added into the PDP. Type, size,
technology, as well as a proper location must be specified. In contrast, if
system risk level is acceptable, the calculation process moves to next period.
The process is repeated until the end of plan.

The rest of the paper is organized as follows. Section Il presents load and
generation system models. Power system reliability concept is discussed in
Section lll. Section IV presents linear programming problem used in the
proposed simplified regional PDP designed for energy dispatch in policy-
based planning. Section V presents the concept of power plant selection
criteria. Numerical result and conclusion are provided in Sections VI and VI,
respectively.

i — :

Sl up targets of

Consider forocasiod domand of
the current period
L 3
Comsider commassion and retirement
plan of power planis
- amd technology of'a
power plant
Select proper
llocation for a new
prrwer plant

Fig. 1. Simplified flow chart of the proposed method.



IIl. LOAD AND GENERATION SYSTEMS MODELING

To implement the PDP as well as to evaluate the reliability indices, load and
generation systems must be modeled.

A. Load Model

For a single area, hourly load curve or load pattern of the base year shown
in fig.2, combining with peak load forecast and energy forecast shown in
fig.3 [5], are used fo construct hourly load forecast for each planning year.
Since there is no detailed multi-area load forecast in Thailand at present,
load model in each area can be estimated from area-based load ratios
multiplied by the forecasted hourly load curve as shown in Fig.4.

Ty

Fig. 2. Load pattern of the base year.

SERERNERNEH

Fig. 4. Weekly area-based load pattern.

B. Generation System Model

To evaluate the reliability level of the each power plant, two-state model is
used to explain probabilistic behaviors of each generating unit. In Fig. 5,
two-state model is shown where up-state represents that the power plant is

0 000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

available, down-state represents that the power plant is unavailable, A is
expected failure rate and y is expected repair rate.

Up Down

Fig. 5. Two-state model

With this model, the power plant’s Forced Outage Rate (FOR) can be
calculated by (1).

FOR = /1_
iy (M

FOR represents the probability that a generating unit will not be available
when required..

To analyze generation system consisting of many power plants, the FOR of
each unit is combined and used to construct Capacity Outage Probability
Tables (COPT) which is a simple array of capacity levels and the associated
probability of existence. COPT that explains the cumulative probability of the
X MW outage in the system can be formulated by (2) [6].

P (X) = (1-U) -P' (X )+(U)-P'(X—C) 2

where P’ (X) and P (X) denote the cumulative probabilities of the capacity
outage state of X MW before and after new unit is added, U is FOR of the
added unit, and C is capacity in mw of the added unit. For example, COPT
which consists of capacity outage O, MW with probability p, is shown in
table I.

TABLE I. EXAMPLE OF COPT

0y Pi
Oy P
’:?: P
O P
Oy P

1. RELIABILITY INDICES CACULATION

In this paper, system’s Reserved Margin (RM) and LOLE are used as key
indicators to indicate whether the entire generation system needs a new
generating unit or not. However, to specify the location where the new
power plant should be constructed, the multi-area reliability index such as
area-based LOLE described in Section 1Il.C will be applied.

A. ReservedMargin(RM)

Reserved margin is defined as a difference between total Dependable
Capacity (DC) and the peak demand [7].The level of RM reflects system
reliability in deterministic point of view. In Thailand, RM is required to be
greater than 15% of the peak demand. The RM can be determined by (3) [8].

_ DC — Peak Load % 100
Peak Load

RM (3)

B. LossOfLoadExpectation(LOLE)

LOLE is defined as the number of days which the available capacity of the
generation system is lower than the load demand [8]. LOLE can be easily
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calculated by using the COPT and the load duration curve as illustrated in fig
6. In Thailand, the system LOLE is required fo be not less than one day per
year. The LOLE can be calculated by (4).

Installed capacity (MW)
Peak .
load

Iy

Daily peak load (MW)

0 Time load exceeds the indicated value 365

Fig. 6. Two-state model

n

Z Pit 0
k=1

LOLP =

where p, is individual probability of the capacity outage of O, MW, ¢t is
duration of the failure state and n is the number of states of the COPT.

C. Multi-area Reliability

Typically, large power system is geographically divided into many sub-areas.
Each area has its own control cenfer and is connected to each other through
major tie lines. In some situation, even though the reliability level of the
entire system is considerably high, there might be generation problem in
some sub-areas. To evaluate the reliability level of each sub- area,
multi-area reliability, generation and demand of the specified area as well as
the excess generations from other areas must be taken info consideration.
Excess generations of areas connected through tie-lines are considered as
virtual power plants that can transmit power to help support the specified
area in case there is not enough generation in that area [6], [9]. However,
the capacity of these virtual power plants is limited by capability of the
tie-lines. With this concept, the area-based LOLE of each area can be
computed. It is used as a key indicator to specify the location where the new
power plant should be constructed. After obtaining all area-based LOLEs,
when system needs a new power plant, it will be located in the area that
has the worst index. However, if there are some constraints in that area that
prevent construction of the power plant, e.g. limited space constraint, the
area with the second worst index will be considered.

To demonstrate the concept of multi-area reliability, two- area system whose
the COPTs are shown in Table Il is used as an example. Suppose that areas A
and B have equally 30 MW peak demand. Excess generation of the area B
that can support the area A can be shown in Table Ill. With 20 MW
capability of the tie-line, maximum power transfer from area B to A is limited,
so the virtual power plant that connects to the area A can be shown in Table
IV. Lastly, new COPT of the system A is achieved in Table V leading that the
LOLE of area A is decreased from 0.027 to 0.011 day/year.

ImTIRATIA!
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TABLE IIl. COPT OF AREA A AND B

L1} 0 .

20 0243 EU 320
4 0027 o) LKL
Gl 0.001

TABLE Ill. PROBABILITY THAT AREA B SUPPORT AREA A

30 0640
] 1360

TABLE V. VIRTUAL POWER PLANT THAT ASSISTED AREA A

TABLE V. A NEW COPT OF AREA A (ASSISTED BY AREA B)

0 0.46650 [T
X 041796 053344
4 0. 10476 011548
6 000036 001072
B 000036 LM 36

IV. ENERGY DISPATCH

In PDP development, not only reliability criteria either measured by LOLE or
reserved margin but other constraints such as limited resource, CO2 emission,
fuel mix, and etc. must also be taken info account. To verify these
constraints, energy output of all power plants must be determined via the
energy dispatch process. Energy dispatch is a method fo find energy output
of all power plants where fotal power output from the generation system
must meet every hourly load. Furthermore, each of energy types must not
violate prescribed constraints [10].

The calculation is started from shedding load demand by generation of
non-firm and renewable energy power plants. Then, the remaining load is
supported by conventional power plants. The PDP is a kind of long term
planning e.g. 30 years plan. To solve the energy dispatch problem, typically
dynamic programming technique to determine the plan with overall 20- year
minimum cost is used. However, it is very complicated and resource
consuming process. In some situation especially when developing a policy
plan, only approximated solution rather than an accurate solution with global
optimum is needed. Thus, a linear programming problem for a simplified
regional PDP designed for energy dispatch suited for the policy-based
planning is proposed in this paper. The objective function of this linear
programming is to minimize the monthly dispatch cost. Constraints of this
problem comprise balance of power generation and load for every hour in a
month, monthly limited resources, monthly CO2 emission, and maximum and
minimum power output of each power plant. The process is sequentially
repeated for every month until it covers the entire period of the plan, where
the solution of current month will be used as an initial condition of the next



month. This can be considered as a kind of greedy algorithm for the dynamic
programming that yields a local suboptimum. The proposed linear program-
ming problem for a policy-based PDP can be formulated as follow.

Minimize C;x Py, ©

JECon te 1 month

b Z Pie =L = Z Fis

JECon JENF
VK, Ff!.t = EK.HmI:
JEK t€ 1 manth
Pie xrC03; = COypimir
j telmonth

Where p,, is power output of the power plant j at time ¢ (MW), C.is the unit
cost of the power plant j (Baht/MWh), L, is load demand at time t (MW),
Con'is a set of conventional power plants, NF is a set of non-firm and
renewable power plants, E,,, s limited energy of the power plants of type
K (MWh), rCO 2 is greenhouse gas emission rate of the power plant j
(tCO,/MWh), CO, i is limited greenhouse gas emission (tCO,), Pmm‘]. is the
minimum generation of the power plant j (MW) and Pmax}i is the maximum
generation of the power plant j (MW).

V. POWER PLANT SELECTION

As explained earlier, the system’s reliability level either measured by RM or
LOLE is used to indicate whether the entire system needs a new power plant
or not. If a new power plant is needed. Unlike the conventional PDP that the
cheapest power plant will be chosen firstly as a candidate unit, in this
proposed regional PDP implementation method, the sub-area having the
worst reliability level measured by the area-based LOLE will be selected
firstly. After that, the cheapest power plant from the set of available
generation types that can be constructed within that area will then be
chosen as a candidate unit. However, the candidate unit is needed to pass
all of the defined constraints such as limited energy and limited space. If the
candidate unit leads to violation of some constraints, the next cheapest
power plant will be selected. Finally, if there is no feasible power plant in
that area, the area with the second worst index will then be selected. And
the same verification process starts again. The selection process is shown as
follow.

Minimize  Unit Cost = IC(K) + EC(K) ©

LN Ex ¢ = Eg timir (Energy dispatch process is needed)
COy¢ = OO pimic(Energy dispatch process is needed)
AGeNgrenr = NEENgren timi

where IC(K) is total investment cost of the candidate plant K (Baht), EC(K)
is energy cost of the candidate plant K, and nGen__ s the numbers of
generation site in that area.

area,t

VI. NUMERICAL EXAMPLE

A modified Thailand generation system during 2013-2030 is used as an
example to demonstrate advantages of the proposed method. Thailand’s
generation data are summarized in Table X-XIl. Geographically, Thailand’s
generation system can be separated into 5 control areas, connected together
through 5 tie-line systems as depicted in Fig 7. Assume that there is no major
tie-line expansion project along the planning period. In addition, for the Area
5 which is the metropolitan area, there is limited space for a new power
plant. Currently not more than additional 3 sites are allowed unless the
existing power plant is retired. Candidate power plants with area constraints
are summarized in Table XIIl.

In this example, 2 PDP policies are analyzed and then compared. The first
policy, case 1, is the proposed regional PDP where the location is selected
before choosing the candidate power plant. The other policy, case 2, can be
considered as a conventional PDP where the cheapest power plant is chosen
firstly and the preferred location of construction based on fuel types is then
selected. Since a group of power plants during 2013-2020 has already been
committed, only PDPs’ results of 2021-2030 will be shown.

Fig. 7. Modified Thailand generation system

TABLE VI. THE PROPOSED REGIONAL AND CONVENTIONAL PDPS (MW)

(2021 | - = 2 - [ %00 | - | 800 [Laoo| - | -
202 | = S| B [ RO ; . p

EE — 2500 - | w0 | - | #o0 | 30 | Lsoo| -
EE I Y 2 = - | - |10 .
3026 | 600 [ 1.000] - | - | - | - | &0 |1a00] - | -
W27 | - |2400] - - - - | - | - [vew] -
7028 | 00 | 800 | - |18 - - | o0 | s00 | 1w -
3020 g = = ol [ . B . - -
2030 - [ism] - - | - [ em [1sm] -
Total | 1500 | 5,200 | 2.500 | 3.600] 2700 | - | 5.200 | %000 | 7.000] -

TABLE VII. DEPENDABLE CAPACITY AT HOURLY PEAK LOAD OF EACH AREA, AT 2030 (MW)

Arcal 5872 4.940 4,470 4040
Arcal 8713 4.201 6,713 4.201
Arend 7404 5253 9807 5.253
Aread 30,203 15,484 33803 18,485
Aread 8580 19,378 $.BE3 19378
Svatem 60,774 52,236 GG TG 32,256
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TABLE VIIIl. SYSTEM AVERAGE GENERATION COST (BAHT/KWH)

Svstem Cost 4.1 4.17

TABLE IX. FUTURE TIE-LINE CAPACITY NEEDED, AT 2030 (MW)

Arcal-Aread 1.CHM) 1033 27
Areal=Aread 2500 1E3L 3.352
Arca2-Arcad 1.(HH) 2025 2039
Arcai-Arcad 1.(HK) 2011 424
Arend=Areal Lk IHM) 11965 14.510

From table VI, it can be seen that both plans have nearly equal total installed
capacity of new power plants during 2021-2030. However, different types
of power plants and locations are chosen according to different imposed poli-
cies. From Table VII, it is obviously seen that generation and demand of each
area of the proposed PDP is more balanced, leading to higher sustainability
and stability in long term. Although generation cost obtained from the
proposed policy, case 1, is higher, but from table IX, it can be obviously
seen that this plan requires less future tie-line capacity expansion.

VIl. CONCLUSION

This paper proposes a method for power development planning considering
regional constraints. By this proposed method, the area having the worst
reliability level measured by the area-based LOLE will be selected before
choosing the candidate power plant. With this policy, it makes generation
and demand of each control area more balance creating entire system
sustainability and stability. Though, total generation cost of the proposed
policy is higher than the convention PDP, however it needs less future tie-line
capacity expansion cost.

Furthermore, instead of a complete dynamic programming, a linear
programming for a simplified regional PDP designed for energy dispatch is
proposed in this paper. It is suited for the policy-based planning that may
allow trade-off between computation time and suboptimum solution.
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APPENDIX

The modified Thailand generation system data used in this paper can be
shown in Table X-XIll.

TABLE X. GENERATING CAPACITY OF THAILAND, AT 2013

1 Hudro 17 342373
2 Thermal i | 821570
E Combined Cyele Ell] 16,081 .10
4 Gias Turbine | 4.40
5 Eenewable * 2.269.63
i Tmgrort * 240460
7 SPP-VEPP G * 236550

System 3477466

TABLEXI. PLANNEDNEWGENERATINGUNIT,2013-2020

1 Hydro ] 500,00
2 “Thermal 5 1.340.00
3 Combined Cyele e | 18,250.90
4 Rencwable * 5,957 47
5 Lmpost + 3,352.00
o SPP-VSPP Gis + 6.213.40

Total 36.615.87

TABLE XII. PLANNED RETIRED GENERATING UNIT, 2013-2030

1 Hudro [ 11,0
2 Thermal 7 4.254.00
3 Combined Cyele 15 10 432000
4 Renewable 1] 0.00
4 Tingsort * 126,00
i SPP-VEFP Gis * 203700

Total 1684900

*Only MW s specified in the PDP.

TABLE XIll. CANDIDATE GENERATING UNITS

1 Thermal Coal BiM) 24 2
2 | Combined Cyele | Notwral Gos MM 4.5 4
3 Cras Turbine Dhesel 250 1.2.3.4.5 |
4 Thermal Muclear 1.0HH) 254 3
5 Lmport - 3040 L3 3
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VI. G098 IFucidiad (Numerical Example)

misUSulsus:uumswaniuihzevds:nAnggoud 2013 - 2030 9:14i0u
degiionaoutiifutivdotizeudsitniaue doyazeunswaniulihaey
Us:nAlng gnasuidunisiv X - XIl. mWANYU:NWRDAANS S:UUMS
wanWihaeving 1uidu 5 Guinouauiia:gniFouTovdosauauEoUToy 5
s:uuBanaavidtusuR 7 avuasiuiTasumsagnganodvideuTounananu
s:gzAPeuIuU ueneIntUiUAn 5 Fuiluraunskacuimssfadbun
dnsuaswisulintiy JeqUuiTiinu 3 kv uenidonaTsvilinAdeg
foukungMstNU TsulwihAv:gndnsndasdeinageviurgnasy
T3Tuansw Xiil

Tudoedwlilwu PP 2 VU QN3IASAIIAIUSOUIREU NSTUA 1 Ao Iwu
PDP fitiiaue 1jentuidsunisAniAenneurmsidentsvlulih nstin 2
iOunwu PDP uusssuan elsulidhAlAunudAne:gnidenniou HAUIN
dudvesAeniiuRdnsuaswisluih Taseguuiiuguzevatiogeuidoiuay
A9:13 evennauzavisullidhgou 2013 - 2020 Tadudumsunaa Fvla
naavwakwy 2021 - 2030 MUMSW VI

SUR 7 ssuumswaniWwhuaadssinAlneRgnusudsa

msw VI wavaviwu PDP wunima ta=uuusssuom

(2021 | - = 2 - | o0 | - | 800 [ b200] - N
202 | = S| B [ RO ; . p p
EE T500 | - | w00 | - | #00 | 30 | Lsoo| -
2 | - | oW | - s : - - | 1300 .
2026 | 600 | 1.000 - - - - 00 JLae0] - -
W27 | - |2400] - - - - - - (10| -
7028 | 00 | 800 | - |18 - - | o0 | s00 | 1w -
020 | - = = A z . - . .
2030 - am] - — | - [ 6w [tem] -
Total | 1500 | 5,200 | 2.500 | 3.600] 2700 | - | 5.200 | %000 | 7.000] -

msw VIl sinafaslwiridadald unusAlkacguaavavuda:iuniud 2030 (MW)

Arcal 5872 4.940 4470 4040
Arcal 8713 4.201 6,713 4.201
Aread 7404 5253 9807 5.253
Aread 30,203 15,484 EER 1K 18,485
Aread B 580 19,378 5883 19378
System G0, T74 52.236 GILGTG 32,236




msw VI dunulumswaalihuaas:uu (Baht/KWH)

Svstem Cost 4.1 4.17

msw IX sinovavawaudauiseluanaalud 2030 (MW)

Areal-Aread 1.CHM) 1033 27
Areal-Arcad 2500 1E3L 3.352
Arca-Arcad 1.[HK) 2025 2,039
Arcai-Arcad 1.(HK) 2011 424
Arend-Arsas LUk IHM) 11965 14.510

NNMSW VI 2:1AUTA51 AvAeuiudaunaraiwiATdynTsuludhin
JovU 2021-2030 ndiAgviu egwisfiou AoWINONANAUZevTtaTsy
Twih na:AcugniFenmuulsuIgAgnAKUAINNCNAU :INMS VI 9
U1 mswania:nudevmsiuihgevliuingniausTagiau PDP AW
auaagunnaihlugaowdvdunanaa:diafiosniulus:o:01a Buiis
dunuiumswaanldnieuulouionstin 1 9:4uRnu 169INMISV IX 9:
IAUTAF031 MsaeuiuuldevmsmsasngasdvideuToviusuinntios

Vil. dsU (Conclusion)

UnANWTLNIAUSTEMSANSUNMSINNBUTALNWANIU TaoTnsnndo
ffingevliuf Gosdsmsitiiauel Bunns:GunouiFetioldius:audian
Tnoms30Go38 LOLE BeviluRgIuv:gnAniAenneurinsidentsuiuin
dooulounglimirimseaaianoudesmsraiiheevida:luinounuid
AOWAUQATUINNGY MTANvs:uUDANWEIEU IaDiafiosmw funis
dunulumswansauzeuuTouelte:gunauTouoIuUsssuaT agwisfiow
Daowsilunie:devagnvrovanvduidouloviound

uenendiu MsinuRNSAITUNISIUIAABLITHA (Dynamie Programing)
A29NMISANTUNISIVUIFIAU (Linear Programing) aArSunwu PDP MW
nimaeguinegnesniuudsunsavwANUgNUIauatuuNAWE Bu
NATATAIWIKUAUAUNMSOWIWUUTOUIEHAN

JoTdUANU

msluihdeeanirkvds:nang , A 0nuuUTonIgIANISINIGUWANIU
, AMUUIFYWAWIUNWNAINSNILKINYNAY Raluauudayala:Anu:i
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doyamsusulsus:uumswanTuiheevUs:nalng Atgtuunacwd ol
Tumsv X - Xl

msw X sunahavmswaniwiaals:inalng U 2013

1 Hudro 17 342373
2 Thermal i | 821570
E Combined Cyele Ell] 16,081, 10
4 Gas Turbine | 4.40
5 Renewable * 2.269.63
i Tmgrort * 240460
7 SPP-V'5PP Gos * 236550

System 3477466

msw X fsolhAneuwuasiolud 2013 - 2020

1 Hydro ] 500,00
2 “Thermal 5 1.340.00
3 Combined Cyele e | 18,250.90
4 Rencwable * 5,957 47
5 Lmpost + 3,352.00
o SPP-VSPP Gis + 6.213.40

Total 36.615.87

msw X {selwihAnuwudaos-lud 2013 - 2030

1 Hudro [ 10,01
2 Thermal 7 4.254.00
3 Combined Cyele 15 10432000
4 Rencwable 1] 0,00
4 Tingsort * 126,00
i SPP-VEPP Gis * 203700

Total 16834900

msw Xl ssuumswanlWwhAv:larasan

1 Thermal Coal BiM) 24 2
2 | Combined Cyvele | Motwral Gos MM 4.5 4
3 Cras Turbine Dhesel 250 1.2.3.4.5 |
4 Thermal Muclear 1.0HH) 254 3
5 Lmport - 3040 L3 3

[OTIRATHA

27




DO IT YOURSELF. cctuuuiettenieeeteneseteenieserenssesasssscsscssscsssssscsssssossssssscsassssssssssscsassssssasssns

: MsAnu
y.-\ ° ™~ ¢ USryoyln ACUUSKISSSAY MISIONS UKIINNEINLAsAEas
4] ﬂ N n1Tn ¢ UByoyas  AcusAInssumaas (Wwinda) uki3nendginuasmaas
ﬁ y f

nsiu

3AINsY1 / 3AINSUSMS Kuatarwihus=-51niniAteidua-uaanideald
jalasoms Us=5minmiataldaa-susanideald

@damsaiuzie Power Transformer uus:nA uddn dsihe $iia (UKksU)

asovdanmuwnlandavnould
naudgaivaruzigviu

adannsuduitioveniSaunisnadou
Kuondavdvluauluns121092aVUUNAU
uiaonununs:auiagnun 1aluth

IfJUﬂ']SIﬁU DAUASUNS WU GounauluanAvIRTHURKUN site mlhqr‘iﬁouﬁmsnengo

duurnndedfiafumsaudu Ruidevaunadulnoundidd
nouv:Fdevaadinvlunsnaroiivmsnaaouiikn site IUNOAALISNIUAIATNIUNNSTIUAD NAWXLIIXEI(AIW
Gu nuns:auzenuadu 2 nstiusAsuns:uu Tagnstin 1 49309 sn) Aavllifiu 3,600mm. x 6,000mm. x
AoMIsnaaaUKAYINDMISIUTIUKHTaIUAYIINTSIWIUG

5,000mm. 1Ws1:Aovauavingldsn Trailer-Low base v
WAOUTY annuRtdou Funscitionisnoasonlanlavia: naavfatunwaIagUIUATHDaIUAY

a3 10—
- !
i — = —_ " . — L ]
L e e - g il |+
» s L ..t"" e .-' ™
| @ s - -
. S |'I- | " 48 W
LA (T d \ 3
¥l e % 1 ] ]
A »M i K . a
L] # /-'_H'\ [l TES
SIBIBID e ) ST T T
ds I :I..-F.-.-' Y ] L | '
: : ‘ m
N ]
-T.C"I-ﬁm L'l
aF @ é : e 4
bt |
17000 mm i

Low bed trailer For Transformer
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aunsasu ns:uuliianaaseuthniinkiondave:iiiiso
Uryr Tudrdendave:thnjiahuiSefidaunatnngndroga
ASU AUnIDufivaadie Crane AHSUYNIU-avoduMIN
Toglawegwavtuuus:naduindadriniacun au
uASuEvaLRdGevilagurbenUaven 3 wa uidu 1
wa 3 Gaundenunnuidenidoyrmidevininiunisaudy
tutey

..................................... ~DO IT YOURSELF

fouRv:nAUFdSeunIsnaaouRnth site Uu 2005UNY
nn NAN LIseINuNsauaAvANIANUoY Ao NISAUAY
nienlaumuunasyuduaniudeviuifinansvauasfiou
Auns:icerdandavluifiu 3G ( G - Gravity HU2w30
IsvAuasfiou) Hv 31NU x, y, z ASUNS:aU Tage:dmsan
A Shock recorder TUAUGOKTONUANGIY 11A:9:13159U
nsavasuRdeibononUauldo ru 9alEuSsUSouIid

mnDTomav:avsIwaIduaiFvANINYIAUNSIUATTUNY
KAY Iautns:uueItiudounisnadeuRnin site Gnan
SIUMSNOAOUMULINSTIUKAVINATGANTUNNSANAY
nlenlavidoiaSeduiaud




l DO IT YOURSELF.....ccitieereeeeennnecseccnccnccnnnes

1. Measurement of voltage ratio & phase relation test IEC 60076-1
2. Measurement of winding resistance IEC 60076-1
3. Bushing current transformer test (polarity check) IEC 60044-1
4. Measurement of single-phase low voltage exciting current IEEE Guide 62

5. Measurement of single-phase leakage impedance

Manufacturer’s standard

6. Insulation resistance test and PI

IEEE C57.12.90

7. Breakdown voltage measurement of oil

ASTM D 1816

8. Dissolve gas analysis in oil test

ASTM D 3612

9. Accessories Function test

Manufacturer’s standard

Tagsrwmsildesungididstuiaunauntninns:wudeduiviagu:Asu 1Iautzeidusionmisauaolul

4. Measurement of single-phase low voltage exciting
current UuAe® misnaasulliotnA Exciting current 30V
noazWauIUSsUINgUAUMUIYISAusU

> 128
* :_[Il]_lu.u ¢ r‘@@
L\,

H

TasnmsnaasudunaroilioifuAilu Reference Tad1SU
nsavasutumsUsuSnuInsar Overhaul MEKAYNAD
mstdnuIdd amnnaasuliuAzevivanatunasimch
nIWABUBN 2 1WA Fuv 2 WwadunasdmindiAgviu

=0 PRI TIRATHAI

5. Measurement of single-phase leakage impedance
iJunisnadsuiiiothA Impedance govnda:wauUsou
INYUAUMINSAISU

" n
A W =

1 Phase Transformer
AC supply v ., under test
L] =

Tasnisnadasudunaraidioifiuailu Reference T3dnsu
nsavaautumsUsuSnnor Overhaul MYKAYNAD
MsTUIAD IamRnaaeutUAN %Diff = (Zref - Ztest)
x100/Ztest Aovluinu 3%



6. Insulation resistance test and PI 1Jumsnaasuiiiodn 7. Breakdown voltage measurement of oil (DBV) iJunis
/1 Insulation resistance 1loWavtiNIWIKVZOvaUIUTUZQ naaeullie3amaawiduausudevirdurdonva Tagmn
A20019°) IIAzINUIKENRDAULNGFeRe Tagunde:tdisuau gousuldAe dav > 50 kv

Tuns:nansv TWiAu 5000 Toan v:Aov§arunniyovs:uu
ausuaruAfNIsnadey Iws1Tngundndamaauduniu
ausuv:dovmuarudwdvRaruryiUINSIU (Und 20°C)
Tngd monographs K$omsWATInUs:AVAGINA19T

H

3
©C C QO

_l_ »

999SNOAaU Insulation resistance test Aonnsuaun
dovnisiiassngnsvauiduinan 1 uninasgunnm

la:dnsu P Gufiomsnodeurmadnsidaudus:Taiums
fungengzevaudu arurniiiuacdenisnaaeul
IUOVRINWANSNOABUY:SIBNUITUSASIAIUNISNOADU
Polarization index AvwanIsyauNIsSnNaaaU Insulation
resistance MUNAN 10 AULNTAA 1 GUAUMSTWAWT:

Pl = R10 / R1 (dimensionless)

where Pl is polarization index

R s resistance

[OTIRATHAL Py




l 010 B I {0 11 - .

8. Dissolve gas analysis in oil test [Jun1snaasulaguiuitukbanlaviungnfingna:argeonuiiinisainsiHanluiegning
1MsTEUND 9 TU KSaimanAaw@aund ia:dnaasuiluais:e:mikstivanwasvgunsniinaruiaavnaisunsn
awasnnv:Uevnunduidgrmiensnaguianeu

foegwMeninadu Hethuna:ausuzevnBuiiamsaaoda Rarurniaw o Mehvfodudo

< 400 °C 9:WU CH4 (Methane), E2H6 (Ethane) C3H8 (Propane)
> 400 fv < 600 °C 9:WU C2H4 (Ethylene), CH4 (Methane), H2 (Hydrogen)
> 600 °C 9:WU H2 (Hydrogen), C2H2 (Acetylene)

FhnzavAnu@aundia:fighInaau

H2, CH4, C2H4, C3H6 C2H8 Thermal fault, overheat in oil
H2, CH4, C2H2, C2H4 C3H6 ARCING
H2, CH4, C2H6, C3H8 Partial discharge

naaidulailufingdrAtyiv:iaavatingavnu@aund nstudinisidoudav Solid insulation AMgRv:wULINGU Ao Co, Co2

Tagnowiduesunds Usurruigluiibunlaidave:imsaanedaduiuinlunasnaigmstduiu TagddnsinsiBunasnioan
Juimsmiruausuruigninaduna:diodnund Tagduagnuituoutzevnistauuiaidudod

*H2 (Hydrogen) <20n + 50
*CH4 (Methane) <20n + 50
*C2H6 (Ethane) <20n + 50
*C2H4 (Ethylene) <20n + 50
*C2H2 (Acetylene) <5n + 10

*CO (Carbon Monoxide) <25n + 500
CO2 (Carbon Dioxid) <100n + 1500
*TCG (Total Combusitle Gas) <110n + 710
* = Combustible Gas ; n = $wuDABIU - 990 Morgan - Schaffer Corp. MS-25

IoTIRATHA!
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9. Accessories Function test iunsnnasuliionsavasy AnSunstin 2 AonsnnaounavINTNISUSY
nisrfiwugevaunsnicug funudugUnsnideviuria: honlavnniswiugeaniguanuitanulasiudnisnen
gunsnidam Togrinms Simulate Aogunsnia:qwanis 3o9Unsni FunstitnidundonUavs:uuielngbiseauly
runnaagunsdioviiasiurey Control room INU 36kV 11A:3UN0TUUINNIY TOMVA 1WS1:3UNOSIY

MKLOY:AWNSNRIUENYTAUUSD Trailer-Low base T dulu
s1wnisnaasunadutunisinguinsyunaanaasuiu
s1gmsaailtituilovaunsuns:wu

1. Insulation resistance test and PI IEEE C57.12.90
2. Breakdown voltage measurement of oil ASTM D 1816
3. Accessories Function tfest Manufacturer’s standard

U pAUNs:wuRTANGY
s19axIdganIngaItioviiu
nsnadaunlandavun 2
launAoduioutins:ay
fiog1iuideviinnritu
nosliliuguaowus ogw

finswiudnnqUauisafi
Aoviin1snsovdINIW
Us:910 Gudundionday
goufidiouniiunsavaou
IfiuGufinia:ungesnun
latiounuIs UUIOY
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SoU 3 UKdn
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It is right that we should stand by and act on our principles;
but not right to hold them in obstinate blindness, or retain
them when proved to be erroneous.
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MICHAEL FARADAY

MICH AEI. F ARAD AY UNWANARNDSINNY GAAAUINSOVMITATWINNS:IAASY (Dynamo)

IA:NAMSIKTUUNIBIKENTWIN KSO NOMISIKTUOUNZOIUNSIaY
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