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ABSTRACT

According to the National Energy Policy and Strategies of Sri Lanka [1], the
Government will endeavour to reach a minimum level of 10% of electrical energy
supplied to the grid to be from Non- Conventional Renewable Energy sources by
year 2015. Further, Government of Sri Lanka has revised the target to reach 20% of
electricity supply is expected to be generated by renewable energy by year 2020.
Main Non Conventional Renewable Energy Sources available in Sri Lanka are Wind,
Small hydro, Solar and Biomass. They are also called as Distributed Generation
(DG) units which are located especially close to load centers of the distribution
network.

When driven for such a national target as a utility, impacts of these technologies
should be evaluated to maintain power quality and the stability of the power system.
There are considerable impacts of DG units to utility as well as to consumers.

While improving power quality and stability, DG is a financial benefit to the utility

and to _ , y is reduction of
losses. ﬁﬁﬁdt : udy I mate th ( yuted generation
on transmission istribution. losses, 4 n. Transmission
networ} Jied and used to

calculate the losses by using PSSE software and SynerGEE software. Badulla,
Kiribathkumbura, Rathnapura and Ukuwela, grid substations with the feeders which
are connected to considerable amount of DGs are selected for analysis.

According to the results, transmission network always gives a loss reduction by
introducing DGs. But in distribution network, only some feeders give a positive
value for the loss reduction when DGs are present.

The study shows that, when total network is considered, always there is a loss
reduction and a financial benefit from DGs added to the system.
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Chapter 1

1. INTRODUCTION

1.1 Distributed Generation

Distributed Generation (DG) is the use of small generating units installed in strategic
points of the power system, and specially close to load centers [2]. There are many
technologies applied for the DG in the world such as,

Combined Cycle Gas Turbine
Combustion Engine
Combustion Turbine

Fuel Cells

Small Hydro

Wind Turbine

Solar

Biomass

Ocean Energy

Battery Storage

DG system@ovide many. henefits{to, the. ugilify:[3].. .They may level the load curve,
improve thgé‘}ui._.-yoltage profile racress Ahe|ffeeders, may reduce the loading level of
branches and substation transformers and provide environment benefits by offsetting
the pollutant emissions.

At the same time utility economic benefits also include loss reduction, avoided cost
of energy production, generation capacity, distribution and transmission capacity
investment deferral, reducing risk from uncertain fuel prices, green pricing benefits,
etc.

DG causes an impact on losses in the power system due to its proximity to the load
centers. DG units should be allocated in places where they provide a higher reduction
of losses. This process of DG allocation is similar to capacitor allocation to minimize
losses. The main difference is that the DG units cause impact on both active and

reactive power, while capacitor banks only have impact in the reactive power flow.
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Figure 1.1 : Dynamic Diagram of how DG connected to the Power System.
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1.2  Objective of the project

To estimat e impact‘of Distributedd Generatidn-bn L transitssion and distribution

losses in Srianka power'systent.

1.3 Methodology

The methodology followed in this study is listed below.

e Study the Sri Lanka power system to identify the areas where the DG is
commonly used in the power system.

e Study the transmission network and calculate the transmission losses due to
DGs by using PSSE software.

e Study the distribution network and select most suitable feeders from the
distribution network and calculate the loss figures by using SynerGEE
software.

e Analyze the loss data and estimate the cost saving due to the DGs in the

System.



1.4 Sri Lanka Power System with DG

Due to the geo-climatic conditions, Sri Lanka is blessed with several forms of energy
sources. As an island, Sri Lanka receives rain from two monsoonal wind regimes. It
is characterized by a central highland, lowland mountain ranges, flat terrains and
plateaus. The annual mean rainfall ranges from 750 to 5000 mm, which in turn
sources a perennial river system as well as has yielded a high plant density in the
island. It receives a year round supply of solar radiation. The tropical temperature
and the islands location in the ocean have resulted in distinct wind regimes. These
settings have endowed the country with an ample renewable energy resource base.

So, main renewable energy resources available in Sri Lanka to generate electricity
are hydro power, solar, wind and biomass. These power generating projects are
mainly at resource locations and connected to the power system as distributed

generating units, island wide.

1.4.1 Small Hydro Power Plants

The sm y cl " projects with a
capacit %smgh 10.MW. The ec( ically reasible small f potential in Sri
Lanka i :t:%af to be 400 MW [4].

As at J ary onnected to the
national grid with a total capacity of 293 MW [5]. All these plants are connected to
the distribution network as DGs.

1.4.2 Wind Power Plants

Wind Energy Resource Atlas compiled by the National Renewable Energy
Laboratory (NREL) of USA in year 2003, has identified three major wind resource
regions such as North-western coastal region, Central highlands in the interior of the
country and parts of Sabaragamuwa and Uva provinces [4]. The meteorological
potential of all wind sites in Sri Lanka is 25,000 MW. But due to system absorption
limitations only 200 MW of this is feasible to be developed according to the present
system parameters.

There are 15 wind power plants which have been connected to the Sri Lanka power
system with a total capacity of 123.8 MW, as at January 2015 [5]. Out of that, eight



power plants with each 10 MW capacity are connected to the transmission network
and the rest is connected to the distribution network. So, out of the total wind
capacity of 123.8 MW, 53.85 MW is connected to the distribution network.

1.4.3 Solar Power Plants

Sri Lanka is situated close to the equator, therefore receives an abundant supply of
solar radiation year around and a substantial potential exists in the dry zone of Sri
Lanka for harnessing solar energy.

Four solar power plants with the total capacity of 1.4 MW are connected to the
distribution network, as at January 2015 [5]. At the same time many solar power
plants under the net metering concept are also connected to the system. Technically,
any renewable resource like hydro, wind, solar and biomass can be net-metered. But
at household level, solar PV systems are the preferred option, owing to resource

availability, smaller space requirements and ease of operation and maintenance.

1.4.4 Biomass Power Plants

Biomass is‘t‘he most comman source, of energy supply in the country, with the
majority us'@"coming from the -gemestic sector.for.cogking purposes. Due to the
abundant avadability,-anky plimited portion of the total biomass usage is channeled
through a market and hence the value of the energy sourced by biomass is not
properly accounted. Biomass resource from energy plantation (specially from
Gliricidiasepium) could prove to be the most vital component in meeting non-
conventional renewable energy targets.

There are six biomass power plants from both agricultural waste and dendro power,
with a total capacity of 23.5 MW which are connected to the power system as at
January 2015 [5].



The capacities of each DG technology connected to the Sri Lanka power system,

mentioned above can be summarized as shown in Table 1.1 below.

Table 1.1:Summary of DGs connected to Sri Lanka power system(January 2015)

Technology No. of Plants Added capacity to the System (MW)

Small Hydro 142 293.269
Wind 15 123.850
Solar 4 1.378
Biomass 6 23.500
Total 167 441.997

According to the Table 1.1, 167 power plants have contributed to generate 441.667

MW from renewable energy sources as at January 2015.1t is a contribution of 9.8%

from the annual energy generation.




Chapter 2

2. TRANSMISSION LOSS CALCULATION

Sri Lanka transmission network of year 2013 was used for the calculation and
analyzing purposes in the project. The transmission network diagram for year 2013 is
shown in Annex A - 1 and Annex B - 1. This network was used in PSSE software in

different calculation scenarios for the study.
2.1  Calculation Scenarios

Different calculation scenarios were used for the data calculation and purpose of

analyzing. The two main basis for the different scenarios were used are time basis
and the load basis.

2.1.1 Time Basis

The daily load curve of 9™ April 2013, shown in Figure 2.1 was considered for the
time basis scenario. This is the day which is having the highest night peak value in
year 2013 7

Load (MW) Vs Time
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Figure 2.1: Load curve of 9™ April 2013



To get an extreme end calculation, this day was considered rather than using an
average load profile. Considering the load profile of the selected day, the day is
divided into three main peak values as Night Peak, Day Peak and Off Peak as below.

e Night Peak of 2140.9 MW for 2 hours (from 18.30 hrs to 20.30 hrs)

e Day Peak of 1853.5 MW for 12 hours (from 08.30 hrs to 18.30 hrs)

o Off Peak of 1048.7 for 10 hours (from 20.30 hrs to 08.30 hrs)

2.1.2 Load Basis

The loading percentage of the DGs in the system can be varied time to time due to so
many reasons. As the main objective is to determine the loss figures related to the
DGs added to the system, the main two load basis was selected as 100% loading of
DGs and 0% loading of DGs. Simply it is with the full loading of DGs and with no
loading of DGs. And one scenario was taken in to consideration by evaluating the
past generation data of the mini hydro power plants. As the majority of the DGs are
consisting of mini hydro, monthly generation data of past 3 years was considered for
this basis. When analyze the past data, it was revealed that even the installed capacity
is having a{higher véluer nofmab Hloading [percantage wasiiafound 40% from the
installed caggity. Henee three Toad Pasis scenarios-wastaken as,

o FuII:’ Eé'ading of DGs — DGs are fully loaded.

e 40% Loading of DGs — As the DGs are loaded only up to 40% of installed

capacity.
e Without Loading DGs — When DGs are not operated.

The transmission loss was calculated by using PSSE software for the transmission
network of year 2013. The loss figures are shown in Table 2.1. The network diagram

while running the PSSE software is shown in Annex C - 1.



Table 2.1: Transmission loss figures calculated by using PSSE software.

Transmission Loss (MW)

Scenario Night Peak | Day Peak Off Peak
With Full DG (100%) 70.9 435 16.0
With 40% Loaded DG 82.4 44.8 16.1
Without DG (0%) 87.6 477 16.3

2.2

Data Analysis for Transmission Loss calculation

The calculated losses can be presented as a percentage of the relevant peak value as

below.

With full DG

Night Peak loss percentage
Day Peak loss percentage
Off Peak loss percentage

The calculated entag

=)
Table 2.2: Fansmissian 1085

(70.9/2140.9) x 100
(43.5/1853.5) x 100
(16.0/1048.7) x 100

all OLTIId

L JT

» Ul

3.31%
2.35%
1.52%

as in Table 2.2.

Transmission Loss (% from peak

Scenario demand)
Night Peak | Day Peak Off Peak
With Full DG 3.31 2.35 1.52
With 40% Loaded DG 3.85 2.42 153
Without DG 4.09 2.57 1.55

The energy loss of transmission network can be estimated from the loss factor

method as given below [6].

Loss factor = a x (Load Factor) + b x (Load Factor)?

Where a = 0.2 and b = 0.8 for the transmission network [6] and Load Factor for

transmission network at selected day can be calculated as below.




Load Factor = Average Load of the System
Peak Load of the System

Average load of the System =1561.27 MW

Peak load of the System =2140.9 MW
Load Factor of the system  =1561.27/2140.9
=0.7293

Accordingly Loss Factor for the system can be calculated as,
Loss Factor of the system = 0.2 x (0.7293) + 0.8 x (0.7293)?
=0.5714

Then,
Transmission Energy Loss (kWh) = Peak Power Loss (kW) x Time (hrs) x Loss

Factor

Accordingly,.annuak transmission enexgy loss can becalculated as below.

ét?
With full DG
Transmission energy loss perday =70.9 x24 x0.5714
=972.29 MWh
Annual transmission energy loss =972.29 x 365 MWh
= 354.89 GWh
Further this figure can be shown as a percentage value from the annual generation of
that year.
Annual generation for year 2013 [7] is 11, 962 GWh.
Therefore, Annual Loss in % =(354.89/ 11, 962) x 100

=297 %

Table 2.3 shows the summary of annual transmission energy loss and the percentage

of the loss from the annual generation.



Table 2.3 : Annual Transmission Energy Loss and Percentage Loss

Scenario Annual Transmission Energy Loss Percentage

Energy Loss (GWh) from Annual Generation
(%)
With 100% loaded DG 354.89 2.97
With 40% Loaded DG 412.45 3.45
Without DG 438.48 3.67

When comparing the loss percentages, it is clear that there is a percentage reduction
of 0.70% when the DGs are fully loaded and 0.22% when the DGs are loaded for

40% of installed capacity.

2.3 Comparison of Transmission Energy Loss Reduction

According to the loss figures mentioned in Table 2.1, it can be compared with the

difference of the loss figures at different loading. It is proven that, when the DGs are

connected to the system, the transmission loss has been reduced by a significant

level. ‘

0
231 .!']ergs;; ‘L IS v.r-r\r!nr-ti,:w-\ with 4"\(.?,(7 Faadiinn -6f IFYe:
Daily e

Annual energy loss with 40% loading
Daily energy loss with 0% loading
Annual energy loss with 0% loading

Daily energy loss reduction with 40% loading

Annual energy loss reduction with 40% loading

=412.45 GWh
=1,201.31 MWh
=438.48 GWh

=(1,201.31 - 1,130.00) MWh

=71.31 MWh

= (438.48 — 412.45) GWh

= 26.03 GWh

10




2.3.2 Energy Loss reduction with full DG

Daily energy loss with 100% loading =972.29 MWh

Annual energy loss with 100% loading = 354.89 GWh

Annual energy loss with 0% loading =438.48 GWh

Daily energy loss reduction with 100% loading =(1,201.31 —-972.29) MWh
=229.02 MWh

Annual energy loss reduction with 100% loading = (438.48 — 354.89) GWh
= 83.59 GWh

Summarized energy loss reduction can be tabulated as in Table 2.4.

Table 2.4 : Summary of Energy Loss Reduction in Transmission Network.

Daily Energy Loss Annual Energy Loss

Scenario Reduction (MWh) Reduction (GWh)
With 40% DG AR (S 26.03
/N

With 1009 D6 290lgp 83.59

11




Chapter 3

3. DISTRIBUTION LOSS CALCULATION

In Sri Lanka power system, DGs are connected to the distribution network island
wide depending on the resource location. Study and apply the SynerGEE software
for each and every feeder in Sri Lanka distribution network is a very time consuming
task which cannot be successfully completed during a restricted time frame.
Therefore, the distribution loss calculation was done for selected few feeders. They
were selected considering the DG capacity addition to the network and grid load.
While selecting the feeders for data calculation, total number of feeders in the grid
substation was selected rather than selecting the feeders individually. Then it was
used to apply the demand of the grid substation which is the demand at the grid used
in transmission network calculation.

To get an accurate output relevant to the DGs, four grid substations were selected
which are having a higher contribution of DGs out of the total DG capacity. The
selected guig substations .<for. ey [detakled, study; [arg,Badulla, Rathnapura,
Kiribathkurgﬁra and dkaweta Ol afabe total capacity of DG&s which is around 293
MW, theser?fﬁi'}r grid’stbstations afe contrrbuted to add 80 MW of DG capacity to the
distribution network. This is a percentage of around 27 from the total mini hydro
capacity in Sri Lanka network. The details of the selected grid substations can be

summarized as in Table 3.1 below.

12



Table 3.1: Selected Grid Substations for the Distribution Loss Calculation

Grid Substation Night Peak Load of the | Added Capacity of DGs to
Grid (MW) the Distribution Feeder

(MW)

Badulla 46.7 14.6

Kiribathkumbura 71.0 16.7

Rathnapura 22.7 38.0

Ukuwela 58.2 10.0

Total 198.6 79.3

The distribution network diagrams of the selected grid substations were used for the
calculation. They were used in SynerGEE software in different calculation scenarios
for the study.

3.1  Calculation Scenarios

The calculﬁn scanagiosr dori¢he lvakizdation Jaresamel @sithe scenarios used in
transmissio'flw""i;iéss catetlation with!somie ‘additional load basis. Time basis is same as
the Night Peak, Day Peak and Off Peak mentioned in transmission loss calculation.
Even three load basis scenarios were used in transmission loss calculation, to get a
smooth variation of the loss figures it was used more load basis scenarios for
distribution loss calculations. It is starting from 0% to 100% loading with 5% step
increments in the loading value. Then it gives 20 loss figures, corresponding to those
loading steps.

Distribution loss calculation was done by using the individual grid substation in the

SynerGEE software.
3.2 Loss Calculation — Ukuwela Grid Substation

Ukuwela grid substation supplies around 52.8 MW of night peak demand and a

capacity of 10.0 MW of DGs is connected to the distribution network. An overview

13




of SynerGEE software for Ukuwela grid substation is shown in Figure No.3.1. Peak
load values of Ukuwela grid substation on gt April 2013 are,

e Night Peak — 58,250 kW

e Day Peak — 37,150 kW

o Off Peak — 28,540 kW

Figure 3.1: Overview of Ukuwela Grid Substation Feeders in SynerGEE software.

The calculated power loss figures by using SynerGEE software of Ukuwela grid
substation are shown in Table 3.2 below.

14



Table 3.2: Power Loss Figures of Ukuwela Grid Substation

DG% Power Loss (kW)
Night Peak Day Peak Off Peak

0 2,663 1,038 603
5 2,591 995 571
10 2,525 957 544
15 2,465 925 523
20 2,411 898 506
25 2,362 876 495
30 2,319 859 488
35 2,280 846 486
40 2,247 838 488
45 2,218 835 494
50 2,194 836 504
55 2,175 841 519
60 2,160 850 537
65 2,149 862 559
70 2,143 879 585
75 2,141 900 614
80 2,142 924 647
85 .. 2,147 951 684
90gﬁ 2,156 983 723
L&) P19 P17 766
10855 2186 1,055 813

Graphical view of the loss data can be shown as in Figure 3.2.

15




Power Loss (kW) Vs DG % added to
the system for several time scenarios
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Eigure 3.2: Power. Loss (kW) Vs DG% added to the system

According ft@th‘e Figure 3.2}t ‘can-be-seen that, the loss has gradually reduced and
has increased when the DG Is graduaiiy added to the system. Night Peak loss is much
higher than the Off Peak loss.

Accordingly the annual energy loss can be calculated as mentioned below.

The empirical formula, known as Jungs’s formula has been used for evaluation of
Utilization time of losses (UTL) [7].

UTL = e(2+e?) x 8760 hrs/ year
1+ 2e)

Where, e is the load factor of the system.
e = 0.555 for Ukuwela Area [7].

Then, UTL ukwela = [(0.555)*x (2 + (0.555)%)] x 8760 hrs / year
(1 + 2 x 0.555)

= 2,952 hrs /year
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If the peak power loss of the system is Pjoss ok, then the energy loss Ejos; is,

E|oss = P|oss, ka UTL per year

Where Pjoss — p i derived from load flow studies by using SynerGEE software.

For 0% of DG in Table 3.2,

Annual energy loss  =2,663 x 2,952 kWh
=7.861GWh

Annual energy loss for each loading scenario of Ukuwela grid substation is tabulated

in Table 3.3.

Table 3.3: Annual Energy Loss at Ukuwela Grid Substation.

DG% DG (MW) Pioss - pk (KW) Annual Energy Loss

(GWh)

0 0.0 2,663 7.861
5 0.5 2,591 7.649
10 1.0 2,525 7.454
15 1.5 2,465 7.277
2088 2.0 2411 7.117
29603 2.5 2:862 6.973
= 3.0 2,319 6.846
35 3.5 2,280 6.731
40 4.0 2,247 6.633
45 45 2,218 6.548
50 5.0 2,194 6.477
55 5.5 2,175 6.421
60 6.0 2,160 6.376
65 6.5 2,149 6.344
70 7.0 2,143 6.326
75 75 2,141 6.320
80 8.0 2,142 \6.323
85 8.5 2,147 6.338
90 9.0 2,156 6.365
95 9.5 2,169 6.403
100 10.0 2,186 6.453

The graphical view of the Annual Energy Loss data shown in Table 3.3 can be

shown as in Figure 3.3.
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Figure 3.3: Annual Energy Loss (GWh) Vs DG% added to the System for Ukuwela
Grid Substation.

According to the Figure 3.3, minimum annual energy loss is visible when the DGs

are loaded at 75 percent from the installed capacity.

3.3 Losi_”_G},"__alcuIation = Badulla GritlSubstation

Badulla grid substation has a 46.7 MW of Night Peak load and a total capacity of
14.6 MW of DGs is connected to the system. An overview of SynerGEE software for
Badulla grid substation is shown in Figure 3.4. Peak load values of the Badulla grid
substation on 9™ April 2013 are,

e Night Peak — 46,750 kW

e Day Peak — 30,090 kW

o Off Peak — 22,910 kW
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The calculated
substation are shown in Tabie 3.4 beiow.

Table 3.4: Power Loss at Badulla Grid Substation

DG% Power Loss (kW)
Night Peak Day Peak Off Peak
0 3,398 1,328 766
5 3,282 1,265 721
10 3,174 1,209 682
15 3,075 1,159 649
20 2,985 1,116 622
25 2,902 1,078 600
30 2,826 1,047 583
35 2,758 1,021 572
40 2,696 1,000 566
45 2,641 985 565
50 2,593 975 568
55 2,550 970 576
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60 2,514 970 589
65 2,483 975 606
70 2,458 984 627
75 2,438 998 653
80 2,424 1,016 682
85 2,414 1,038 716
90 2,409 1,065 754
95 2,409 1,095 795
100 2,414 1,129 840

Graphical view of the loss data can be shown as in Figure 3.5.
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Figure 3.5: Power Loss (kW) Vs DG% added to the system

Here also, it is clear that the loss has gradually decreased and increased again with
the loading of the DGs gradually.

Accordingly the annual energy loss can be calculated as mentioned below.

Load Factor for Badulla Area [7],
Epadulla = 0.555

Then, UTL gadulia = [(0.555)%x (2 + (0.555)))] x 8760 hrs/ year
(1+2x0.555)

= 2,952 hrs /year
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For 0% of DG in Table 3.4,

Annual energy loss = 3,398 x 2,952 kWh
=10.031 GWh

Annual energy loss for each loading scenarios are calculated and tabulated as in

Table 3.5.

Table 3.5: Annual Energy Loss at Badulla Grid Substation.

DG% DG (MW) Ploss - pk (KW) Annual Energy Loss

(GWh)

0 0.0 3,398 10.031
5 0.7 3,282 0.688
10 1.5 3,174 9.370
15 2.2 3,075 9.077
20 2.9 2,985 8.812
25 3.7 2,902 8.567
30 4.4 2,826 8.342
35 5.1 2,758 8.142
408 5.9 2,696 7.959
496738 6.6 2641 7.796
D 7.3 2,593 7.655
55 = 8.1 2,550 7.528
60 8.8 2,514 7.421
65 9.5 2,483 7.330
70 10.2 2,458 7.256
75 11.0 2,438 7.197
80 11.7 2,424 7.156
85 12.4 2,414 7.126
90 13.2 2,409 7.111
95 13.9 2,409 7.111
100 14.6 2,414 7.126

The graphical view of the annual energy loss data shown in Table 3.5 can be shown

as in Figure 3.6.
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Figure 3.6: Annual Energy Loss (GWh) Vs DG% added to the System for Badulla
Grid Substation.

According to the Figure 3.6, minimum annual energy loss is visible when the DGs
are loaded at 90 and 95 percent from the installed capacity.

3.4 LoS:

Ilculatien— Kiribathkumbura Grid Substation

Kiribathkumbura grid substation is consisting of 71.0 MW of Night Peak load and a
capacity of 16.7 MW of DGs is connected to the system. An overview of SynerGEE
software for Kiribathkumbura grid substation is shown in Figure 3.7. Peak load
values of the Kiribathkumbura grid substation on 9" April 2013 are,

e Night Peak — 71,010 kW

o Day Peak — 43,090 kW

o Off Peak — 34,780 kW
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The calculated power loss values by using SynerGEE software of the

Kiribathkumbura grid substation are shown in Table 3.6 below.

Table 3.6: Power Loss at Kiribathkumbura Grid Substation

DG% Power Loss (kW)
Night Peak Day Peak Off Peak
0 2,051 754 488
5 2,006 728 468
10 1,967 706 451
15 1,925 684 435
20 1,889 666 423
25 1,856 651 413
30 1,826 639 406
35 1,798 629 402
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40 1,774 622 400
45 1,752 618 401
50 1,733 616 404
55 1,717 617 410
60 1,703 620 418
65 1,692 626 429
70 1,684 634 442
75 1,678 645 457
80 1,674 657 475
85 1,673 673 495
90 1,675 690 517
95 1,678 710 542
100 1,685 732 569

Graphical view of the loss data can be shown as in Figure 3.8.
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Figure 3.8: Loss (kW) Vs DG% added to the system
Here also, it is clear that the loss has gradually decreased and increased again with

the loading of the DGs gradually.

Accordingly the annual energy loss can be calculated as shown below.
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Load Factor for Kiribathkumbura area [7],

€ Kiribathkumbura = 0.555
Then, UTL Kiribathkumbura

For 0% of DG in Table 3.6,
= 2,051 x 2,952 kWh
=6.055 GWh

Annual energy loss

= [(0.555)*x (2 + (0.555)%)] x 8760 hrs / year

(1 + 2 x 0.555)

= 2,952 hrs /year

Annual energy loss for each loading scenarios are calculated and tabulated as in

Table 3.7.

Table 3.7: Annual Energy Loss at Kiribathkumbura Grid Substation.

DG% DG (MW) Pioss - pk (KW) Annual Energy Loss

(GWh)
0,58 0.0 2031 6.055
SIS 0.8 2.006 5.922
1= L 1,967 5.807
15 2.5 1,925 5.683
20 3.3 1,889 5.576
25 4.2 1,856 5.479
30 5.0 1,826 5.390
35 5.8 1,798 5.308
40 6.7 1,774 5.237
45 75 1,752 5.172
50 8.3 1,733 5.116
55 9.2 1,717 5.069
60 10.0 1,703 5.027
65 10.9 1,692 4.995
70 11.7 1,684 4971
75 12.5 1,678 4.953
80 13.4 1,674 4.942
85 14.2 1,673 4.939
90 15.0 1,675 4.945
95 15.9 1,678 4.953
100 16.7 1,685 4974
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The graphical view of the annual energy loss data shown in Table 3.7 can be shown
as in Figure 3.9.
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Figure 3.9: Annual Energy Loss (GWh) Vs DG% added to the System for
Kiribathkumbura Grid Substation.

According@j’e Figure 3t9ominimiimanayal eénecgy 1ossican e seen when the DGs

are loaded at_85 pergent fromtherinstalledcapacity.
3.5  Loss Calculation — Rathnapura Grid Substation

Rathnapura grid substation is consisting of 22.7 MW of Night Peak load and a
capacity of 38 MW of DGs is added to the system. An overview of SynerGEE
software for Rathnapura grid substation is shown in Figure 3.10. Peak Load values of
the Rathnapura grid substation on 9™ April 2013 are,

e Night Peak — 22,710 kW

e Day Peak — 11,510 kW

e Off Peak — 11,130 kW

The calculated power loss figures of the Rathnapura grid substation by using
SynerGEE software are shown in Table 3.8.
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Figure 3.10:

Table 3.8: Power Loss at Rathnapura Grid Substation

DG% Power Loss (kW)
Night Peak Day Peak Off Peak
0 459 131 123
5 418 112 106
10 387 104 98
15 367 106 101
20 356 118 114
25 356 140 136
30 366 171 168
35 385 212 210
40 414 262 260
45 452 321 320
50 500 388 388
55 556 465 465
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60 621 549 551
65 694 643 644
70 776 744 746
75 859 853 856
80 958 971 974
85 1,066 1,096 1,100
90 1,182 1,229 1,234
95 1,305 1,369 1,375
100 1,436 1,517 1,524

Graphical view of the loss data can be shown as in Figure 3.11.
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Figure 3.11: Loss (kW) Vs DG% added to the system

The situation in Rathnapura grid substation is totally different compared to other grid
substations. Here when the DGs are gradually added to the system, the power loss
figure is gradually increased rather than decreasing. As the DG capacity added to the
system is higher than the peak demand of the grid substation feeders, the balance or
the excess power generation should be transferred to the transmission network. For
that the power flow from the generation point should come to the grid substation.
Hence, loss in that case is higher than if the generation of energy is utilized in that
load center, when considering the distribution network. But when it comes to

transmission network it is a loss reduction factor.
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Accordingly the annual energy loss can be calculated as shown below.

Load Factor for Rathnapura area [9],
€ Rathnapura = 0.450

Then, UTL gatnapura = [(0.450)° x ( 2 + (0.450)?)] x 8760 hrs / year
(1 +2x0.450)

= 2,056 hrs /year
For 0% of DG in Table 3.8,
Annual energy loss =459 x 2,056 kWh
= 0.944GWh

Annual energy loss for each loading scenarios are calculated and tabulated as in
Table 3.9.

Table 3.9: Daily Power Loss Figures of Rathnapura Grid Substation.

DG%.. DG (MW) Plogs— pk{ KW) Annual Energy Loss

(GWh)
T3 0.0 459 0.944
S 1,9 418 0.859
10 3.8 387 0.796
5 5.7 367 0.755
20 7.6 356 0.732
25 9.5 356 0.732
30 114 366 0.752
35 13.3 385 0.792
40 15.2 414 0.851
45 17.1 452 0.929
50 19.0 500 1.028
55 20.9 556 1.143
60 22.8 621 1.277
65 24.7 694 1.427
70 26.6 776 1.595
75 28.5 859 1.766
80 30.4 958 1.970
85 32.3 1,066 2.192
90 34.2 1,182 2.430
95 36.1 1,305 2.683
100 38.0 1,436 2.952
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The graphical view of the annual energy loss data shown in Table 3.9 can be shown
as in Figure 3.12.
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Figure 3.12 shows that, addition of DGs results in an increase of distribution losses.
The reason for this is in Rathnapura grid substation where added capacity of DGs is
higher than the demand of the grid substation. Hence power flows from DG to
transmission network via grid substation. It will result in increase of distribution loss

while decreasing the transmission loss. However loading DGs less than the demand
of the grid substation is more economical.
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Chapter 4

4. ECONOMIC ANALYSIS OF LOSS REDUCTION

4.1  Cost Saving due to Transmission Loss Reduction

4.1.1 Energy Cost Saving due to reduction of Transmission Loss

Energy cost saving due to transmission loss reduction can be calculated by referring
the Table 2.4 and the marginal generation cost shown in Table 4.1 below. Marginal
generation cost is the unit generation cost of the next power plant to be dispatched

according to the merit order dispatch of CEB. This is mainly based on thermal power

plants.
Table 4.1: Marginal Generation Costs in year 2013.
Time Unit Cost (LKR/kWh)
Night Peak 24.16
Day Peak 23.85
__| Off Peak 21.77
e

Weighted aﬁ?ﬁage ofithesmarginak-generation costs was calculated for the costing of
transmission energy loss calculation.
Weighted average of marginal generation cost = (24.16 x 2 + 23.85 x 12 + 21.77 x
10)/ 24
=23.01 LKR / kWh

Accordingly, cost of transmission energy loss can be calculated as below.
With Full DG (100%)
Cost of loss perday =LKR 70.9 x 24 x 0.5714 x 23.01

= LKR Million 22.372
Annual cost of losses = LKR (22.372 x 365)

= LKR Million 8,165.8

With 40% DG
Cost of loss perday = LKR 82.4x 24 x0.5714 x 23.01
= LKR Million 26.001
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Annual Cost of losses = LKR (26.001 x 365)
= LKR Million 9,490.4
With 0% DG
Cost of loss per day = LKR 87.6 x 24 x 0.5714 x 23.01
= LKR Million 27.642
Annual Cost of losses = LKR (27.642 x 365)
= LKR Million 10,089.3
The energy cost saving in transmission network due to the DGs, can be summarized
as in Table 4.2.

Table 4.2: Energy Cost Saving of transmission network due to DGs

Scenario Annual Cost of Transmission | Energy Cost Saving due
Energy Loss(LKR Million) to DG (LKR Million)
Without DG 10,089.3 -
With 40% DG 9,490.4 598.9
With 100% DG 8,165.8 1,923.5

4.1.2 Capé@ity CostiSavindpduetaiediiction of Transmission Loss

For the caiculation of capacity cost saving, average capacity charge of Independent
Power Producers (IPP) for year 2013 was considered. It is 2.95 LKR per kWh.
Referring the Table 2.4 and the average capacity charge of IPPs, annual capacity cost
saving due to reduction of transmission loss was calculated and tabulated in Table
4.3.

Annual Capacity Cost Reduction = Annual Energy Loss reduction x Average

Capacity Charge of IPP
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Table 4.3: Capacity Cost saving of Transmission network due to DGs.

Daily Energy Loss | Annual Energy Annual
Scenario Reduction (MWh) | Loss Reduction | Capacity Cost
(GWh) saving (LKR
Million)
With 40% DG 71.31 26.03 76.8
With 100% DG 229.02 83.59 246.6

4.2  Cost saving due to Distribution Loss Reduction

The cost saving figures of the selected four grid substations are added and taken for
the cost analysis considerations. For the cost calculations, energy charge and the
capacity charge were taken from the Medium Voltage Distribution System
Development Plan 2013 — 2022, CEB — Region 2 [7].

Ce= Cost o@ggrgy = KR 24,66+ KWh

C, = CapaCiEE ost vy7 :KRIL§67A94 KYY./ Year

Total cost of losses = Capacity Cost + Energy Cost

i.e.  Annual Cost of Losses = C¢ X Pioss— pkt Ce X Ejoss
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4.2.1 Energy Cost Saving due to reduction of Distribution Loss

The summary of energy cost saving due to reduction of distribution losses was
tabulated in Table 4.4.

Table 4.4: Energy Cost saving in Distribution network

DG Annual Energy Loss (GWh)
% Total Annual Cost | Annual Cost
Annual of Energy Saving of
Energy Loss | Loss (LKR Energy
[+
3 (GWh) Million) Losses due
1S
E < g to DGs
= £ g [ (LKR
3| 2| £ E
8 g S = Million)
0 10.03 6.06 0.94 7.86 24.89 613.81 0.00
5 9.69 5.92 0.86 7.65 24.12 594.75 19.06
10 9.37 5.81 0.80 7.45 23.43 577.71 36.10
15 9.08= 5168 0.76 128 22.79 562.05 51.76
20 8&&'3 5.58 0.73 7.12 22.24 548.36 65.45
25 857"/ 548 0178 697 2175 536.38 77.43
30 838425 589 Q.35 683 21.33 526.00 87.81
35 8.14 5.31 0.79 6.73 20.97 517.19 96.62
40 7.96 5.24 0.85 6.63 20.68 509.97 103.84
45 7.80 5.17 0.93 6.55 20.45 504.17 109.64
50 7.66 5.12 1.03 6.48 20.28 500.01 113.80
55 7.53 5.07 1.14 6.42 20.16 497.17 116.64
60 7.42 5.03 1.28 6.38 20.10 495.69 118.12
65 7.33 5.00 1.43 6.34 20.10 495,57 118.24
70 7.26 4.97 1.60 6.33 20.15 496.85 116.96
75 7.20 4.95 1.77 6.32 20.24 499.02 114.79
80 7.16 4.94 1.97 6.32 20.39 502.84 110.97
85 7.13 4.94 2.19 6.34 20.60 507.87 105.94
90 7.11 4.95 2.43 6.37 20.85 514.19 99.62
95 7.11 4.95 2.68 6.40 21.15 521.56 92.25
100 7.13 4.97 2.95 6.45 21.51 530.31 83.50
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4.2.2 Capacity Cost Saving due to reduction of Distribution Loss

The summary of capacity cost saving due to reduction of distribution losses was
tabulated in Table 4.5.

Table 4.5 : Capacity Cost Saving due to reduction of Distribution Losses.

DG Annual Capacity cost of Losses (LKR

% Million) Total Annual Annual Cost

Capacity saving in
Cost (LKR Capacity Cost
‘E“ Million) (LKR Million)
S = = =]
& >, & 3

0 63.47 38.31 8.57 49.74 160.09 00.0

5 61.30 37.47 7.81 48.40 154.98 5.11

10 5929 361174 043 41116 154 9.67

15 57{21'%“ 3596 6786 46.04 146.30, 13.79
20 5576 35,28 6,65 45.04 142.73 17.36
25 54.2T 34.67 0.65 44,12 139.65 20.44
30 52.79 34.11 6.64 43.32 137.06 23.03
35 51.52 33.58 7.19 42.59 134.88 25.21
40 50.36 33.14 7.73 41.97 133.20 26.89
45 49.33 32.73 8.44 41.43 131.93 28.16
50 48.43 32.37 9.34 40.98 131.12 28.97
55 47.63 32.07 10.39 40.63 130.72 29.37
60 46.96 31.81 11.60 40.35 130.72 29.37
65 46.38 31.60 12.96 40.14 131.08 29.01
70 4591 31.46 14.49 40.03 131.89 28.20
75 45.54 31.34 16.05 39.99 132.92 27.17
80 45.28 31.27 17.89 40.01 134.45 25.64
85 45.09 31.25 19.91 40.10 136.35 23.74
90 45.00 31.29 22.08 40.27 138.64 21.45
95 45.00 31.34 24.38 40.51 141.23 18.86
100 45.09 31.47 26.82 40.83 144,21 15.88
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Chapter 5

5. CONCLUTIONS

Cost saving of both transmission and distribution network due to DGs added to the

system can be summarized as in Table 5.1.

Table 5.1: Summary of Transmission and Distribution Loss Reduction.

Transmission Loss Distribution Loss Total Loss
Scenario Reduction (LKR Reduction (LKR Reduction
Million) Million) per year
Energy | Capacity | Energy Capacity (LKR
Cost Cost Cost Cost Million)
Loss Reduction with 40%
Loading 599 77 104 27 807
Loss Reduction with full
DG m 1511924 Vopa , Sredank 6 2,271
o TS I e T T
This is Total loss reduction per year d ri Lanka power

system. In the other words this is the additional annual cost that should be added to
the system expenditure, if the DGs were not connected to the power system.
However for the distribution loss analysis, only four grid substations were considered
due to difficulty of collecting data within limited time duration. The result can be
optimized if all DG connected grid substations are considered.

According to Table 5.1, annual loss reduction due to DGs connected to the system,
with 40% loading and full loading both contribute to loss reduction in a significant
level. When both scenarios are compared, transmission loss reduction is much less
in 40% loading scenario than the 100% loading scenario. But in distribution side, it is
the opposite of that. Distribution loss reduction is higher in 40% loading scenario.
The main reason for that is the loss of Rathnapura grid substation. There, generation
from DGs is much higher than the demand in that grid. So the excess generation is

transferred to the transmission network after a long power transmission distance in
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the distribution network. But when it comes to the transmission network, loss
reduction is given a much higher positive value.

Finally, it can be concluded that the study shows, when total Sri Lanka power
network is considered, always there is a loss reduction and a significant financial
benefit from the DGs added to the system.

However, it can be suggested to extend this study further to find out the optimum DG
capacity that can be connected to a particular grid substation to have the maximum

loss reduction, as it is proven that there is a positive benefit.
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