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Abstract

Demand for Electricity has been increasing rapidly over the last decade and the cost
of electricity generation too has been increasing due to the adverse impacts on hydro
resources. Electricity loss reduction is a main concern to minimize the heavy cost on
electricity generation. It has shown progress over the last five years by minimizing
system losses by 5%.

Embedded generation has direct impact on the distribution loss level of the system
due to the alteration in power flow. Absorption of the optimal output of the
potentially available embedded generation is therefore important for the utility. It
needs adequate facilitation for the developers and optimal allocation of these plants

on the network.

Network analysis was carried out on a network in actual terms. Power flow study
through Synergee software considering various arrangements of grid interconnection
of embedded generators, was the approach. Key concerns on the simulation study
was the reduction in distribution line losses, reduction in grid power demand where
central generation replaced by embedded generation and the reduction in grid
transformer losses due to altered current flows. The study consisted of analyzing the
absorption of all potentially available capacity into the feeder. The optimal
arrangement was compared with the conventional arrangement proposed by CEB
thereby evaluating the profitability of the modified connection arrangement through

NPV calculation.

Analysis revealed that connecting the embedded generators to the nearby load
centers of the network has significant effect compared to connecting them to nearest
branch of the distributor. It causes' a reduction in network losses and cost of
generation due to the decrease in power demand by the transmission network. The
effect is high when power from large capacity generators is directly transported to
the load centers. A typical network would make an internal rate of return about 26%

through the modification in the long run.
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This could be employed in the planning process for preparation of the grid
interconnection proposals for embedded generators.
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Chapter 1

Introduction

1.1 Background Study

In Sri Lanka, demand for electricity has been rapidly increasing over recent years.
Annual gross electricity generation in Sri Lanka has reached 10,000GWh margin
while the maximum demand is over 1900 MW. Major electrification programmes
implemented by the government owned utility Ceylon Electricity Board (CEB) has
resulted in the proportion of grid connected household in the country increasing from
6% 1n 1976 to 83% in 2007. Over 4 million consumers are benefited by electricity in
the country at present. With foreign aid, the government has initiated special projects
such as Lighting Hambantota, Lighting Ratnapura, etc. to accelerate the rate of
electrification in areas presently having comparably low level of electrification.

In the circumstances CEB as the utility has to make appropriate strategies to ensure
sufficient reliability and the quality of the supply to its vast number of consumers in a
background of an energy crisis and other financial go downs experienced currently.

Sri Lanka’s ’Electricity generation is mainly sourced by hydroelectric power and
thermal power. Over the recent years CEB has faced severe capacity shortages due to
the drop in reservoir water levels. Power sector in Sri Lanka was in crisis due to
inadequate new power generation capacity additions and sub optimal usage of fuel
sources for power generation. The problems manifested in the form of chronic power
shortages led to procurement of expensive emergency power generation capacity. This
created a structural financial deficit in the power sector and unsustainable tariffs that
weakened the competitiveness of local industries.

The government having initiated strong developments in many sectors including
infrastructure development and production process, the adverse situation in the power
sector could directly affect and decelerate the country’s development processes. In the
circumstances it i1s now seen that vital decisions are being taken and implemented to
overcome this situation. Implementation of mass hydro power plants to the available
potential and high capacity thermal plants including coal & HFO is fundamental in
this regard. In addition, significant capacity of renewable power has been absorbed to

the system. In general, renewable energy in Sri Lanka is low in cost.
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In the transmission sector more Grid substations and transmission lines are being
constructed to widen and strengthen the transmission network. Majority of the existing
grid substations are being augmented and facilitated with modern GIS technology.
Another vital aspect in overcoming the crisis is the energy loss reduction. Special
concern has been made on reducing the distribution losses in the network which exist
at a high rate. This includes technical & non-technical loss reduction. With the special
initiatives taken the distribution losses have been significantly reduced over the past
few years and will be discussed in later chapters.

It is evident that these measures have positively contributed to make a significant
impact to overcome the problems in power sector. However further attempts in this
regard is yet required. Therefore is a vital requirement to come out with new strategies

with more engineering considerations.

1.2 Motivation

Analysis on few salient items as described in the background study was selected as the
matter of study under this research. A successful result will be useful for the utility to
be adopted for its planning process. ‘Inclusion of the Embedded Generation (EG) in
the distribution network and the impact of these on distribution losses’ was selected
for the analysis.

Investment & development of embedded power plants connected to the national grid
has been significantly increased over the past few years. Foreseeing probable crisis in
the system due to capacity shortages, government encouraged private sector
entrepreneurs for investment on EG. It is identified as a high-return investment for the
investors due to the provision of an attractive tariff scheme for EG. More effectively it
is an environment friendly, cheap and convenient source of electrical energy for the
utility, when compared to other base plants of generating electricity.

As the System Planning Engineer attached to Uva province of CEB, design of grid
interconnection for the absorption of embedded power plants (especially small hydro
plants) to the national grid is one of requirements from myself. These interconnection
proposals are outcome of stability, network capacity, geography and fault level studies

carried out with respect to the proposed embedded power plant.
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Contribution of EG to the national grid earlier was not considerable. However, due to
the increased number of EG plants in the distribution network, a significant impact of
these on the system operation has resulted. Special concern is on distribution losses.

Importance and timeliness of this subject matter and the possibility for the utility to
optimally utilize EG for its operation, were the basic reasons motivated me for

selection of the topic of this project.

1.3 Problem Statement

In Uva province of CEB the number of embedded generators (mainly small hydro
plants) connected to its Medium Voltage distribution network is about 15 having total
installed capacity of 34MW. The No. of embedded generating plants for which the
Letters Of Intent have been issued is 14 for a capacity of 40MW.

Distribution development planning in the province is carried out once in every two
years. Transformer loading, load distribution, voltage levels, line capacities and the
reliability of the system are the main issues considered in planning. In distribution
planning, EG is an excluded factor due to no commitment on its reliability and energy
supply to the system throughout.

But the presence of embedded generation within the distribution network will
introduce multidirectional power flows and will have to be considered in all aspects of
planning.

Variation of distribution line losses and the transformer load losses in the grid
substation transformers due to inclusion of EG will be studied. EG causes changes in
the power demand by the transmission network and in some cases a net contribution
of power to the transmission network. The cost of generation of a kWh unit using
central generating plants and EG plant is different. Forecast on cost of generation in
next few years can be figured out for embedded generation according to its firm tarift.
But for a kWh unit generated using thermal or mass hydro plants, future cost cannot
be forecasted unless analyzing past trends, available capacity and forecast on world
fuel prices. Therefore comparative study of these two generating types and the impact
on above factors was selected.

Selection of an existing network, gathering its actual historic data & features, study in
detail regarding the variation of distribution losses of the same for several allocations

of EG through power flow analysis thus making a final conclusion that how the EG
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has contributed for loss minimization and the methods it can be optimally utilized are

the basic contents of this problem.

1.4  Scope of the Project

» To identify key factors considered in distribution development planning

* To study on the current & the anticipated contribution of embedded generation
to the distribution system

*» To study on the factors affecting the reliable operation of embedded power
plants and its pattern of change.

* Analysis of past energy data of embedded power plants & distribution systen.

* To run computer simulations in a planning software both including &
excluding the embedded power plants

* By analyzing these, to reach a result that will represent the effect of the
presence of embedded generators in distribution system for loss minimization.

= To conclude in a way that it can be used as a methodology in distribution

development planning.
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hange in the fault level is a vital concern for the connection of an EG plant into the
stribution network. In case it exceeds the available switchgear capacities, these have
be augmented in order to accommodate the EG plant. It is an expensive task which
esently has to be borne by the developer of the EG plant. In contrast several other
ctors for limiting the fault level contribution of an EG plant to the network are
railable such as introduction of an impedance or transformer for the interconnection
1e. Due to the reasons of increased losses and voltage variations it is generally not
nployed.

ccording to the nature of the availability of resources for EG, the plants are generally
cated collectively in selected areas. Therefore connection of these plants to the
ility will be at the same locality of the distribution network hence inadequacy of

vitchgear capacity in the substation concerned will occur.

oltage Level

»ad end voltage of radial distribution network has to be maintained within the
yminal range such that the consumers will receive the supply at the required
andard. Therefore the utility has an obligation to supply its consumers the voltage
ithin its specified limits. Design and utilization of the network thus should be to
1ve an optimal voltage profile throughout.

-esence of the EG plants are generally at the center or load ends of the distribution
stwork hence causes a voltage boost at the load end. Accommodation of the EG plant
the system is subject to maintaining the system voltage profile within its specified
nits. i.e. the voltage at any of the point in the network should not exceed the
aximum allowable voltage in case of lightly loaded situations.

ariation of the voltage in the system with the presence of EG plant should be as

iown in Figure 2.6 shown below.

Page | 12



University of Moratuwa, Sr1 Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




f power quality in the distribution network. However, embedded generation can also
e detrimental to network power quality through: [6]

Transient voltages

Harmonic distortion

Voltage Flicker

Voltage Unbalance

lue to the connection and disconnection of EG plants there can be changes in the
arrent in large amounts hence could cause transient voltage variations in the network.
his is a vital concern with regard to the operation of the plants. Current transients can
¢ limited by careful design of the generation plant. Earlier it was described that the
oltage change is a key concern for the connection of an EG plant. But this transient
oltage rise is a much more important concern over that steady state voltage rise
specially when connecting into a weak system.

ransient voltage rise could be overcome by correct synchronization for synchronous
2nerators and anti-parallel soft start units for induction generators. Also the
isconnection of the plant from the system when operating at its full load, could cause
sudden voltage drop. [7]

ome forms of prime mover (eg. Fixed speed wind turbines) may cause cyclic
ariations in the generator output current which can lead to so-called ‘flicker’
aisance if not adequately controlled.[ 8]

armonics is also another effect which may cause due to the incorrect design and
secification of the EG plant having power electronic interfaces to the network.
etwork voltage distortion may result due to the injection of harmonic currents by
iese devices.

oltage unbalance is also a similar effect caused by induction generators. Voltage of
ral MV networks is frequently unbalanced due to the connection of single phase
vads. An induction generator has a very low impedance to unbalanced voltage sand
ill tend to draw large unbalanced currents hence balance the network voltages at the

¢pense of increased currents in the generator and consequent heating. [9].
tability

enerator transient stability is not of great significance to the EG schemes. If a fault

ccurs in the distribution network and depress the network voltage the EG plant may
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p and will lose short period of generation. As the power is restored in the network it
Il start automatically.

contrast, if an embedded generator is viewed as providing support for the power
stem then its transient stability becomes of considerable importance. Both voltage

d angle stability may be significant depending on the circumstances.

twork Losses

stribution losses of the MV lines, transformers etc. tend to differ with the
nnection of EG plants into the distribution network. It could not be a general
sessment of whether a reduction or increase in network losses. It is time variant and
pends upon the conductor type, load level, allocation of the EG plants and the extent
availability and the reliability of operation of the EG plants. In general EGs are
nnected to the load ends of radial distribution network and as the load is increased
> quantum of network loss reduction will improve. For the interconnection of an EG
nt, the utility at present does not make much concern on this fact limiting to use of
nductor types with comparably less dissipation of losses. [10]

| the EG plants are offered with similar basics for connection and tariff for the
eration without taking into consideration its location. As far as the utility is
ncerned it gains a hidden effect on network losses by the allocation of EG plants.

is fact will be dealt in detail in further chapters which is the scope of research of

s project.

twork Planning

cegration of embedded generation into existing power networks requires planning
dcedures that consider the impact of the new generation on the system. The aim of
> planning process is to minimize or avoid adverse effects arising from the
nnection of a particular generator and to achieve this in the most cost effective
:thod possible. This has been considered to be a reasonable approach as the existing
set base owned by the utility represents a major historic financial investment based
the equipment providing service that was expected to extend to between thirty and
ty years. [11]

“hievement of these planning goals is necessary to,
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ts, forecasted demand growth of the electricity could be supplied at an economical

only upon optimum utilization of hydro resources.

-efore government directed the utility CEB to develop the hydro power generation
ntial of the country to its full potential as it is the major indigenous resource for
er generation at present. Under this policy, all large-scale hydropower generation
ities were to remain under government control for the foreseeable future. Private
or financing was sought to be utilized for power generation from small hydro

er plants.

s CEB promoted generation of electricity using Renewable Energy Resources
¢ early nineties by giving the required assistance to the private sector, which
1ded training & capacity building, pre feasibility studies and resource assessments.
was offered to all sources of embedded power plants of capacity less than 10

L [12]

). Energy contribution to the system

lysis of past energy data together with the gross energy generation figures out that
‘ole of EG plants is vital quantitatively. Moreover hidden value is vital as most of
2G energy is generated by environmentally friendly renewable energy sources.

wth of the EG energy contribution to CEB system in comparison to its gross

gy generation for the past years are as in Table 2.1 below.

Gross
%
Generation | EG Energy

Ir Contribution

of CEB (GWh)

of EG

(GWh)
0 6686 433 0.6
| 6520 64.% 1.U
2 6954 103.5 1.5
3 7612 120.3 1.6
4 8043 206 2.6
5 8769 280 3.2
6 9389 346 3.7
7 9814 344 35
8 9901 433 4.4

le 2.1_ Gross Energy Generation in Sri Lanka & Contribution by EG
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wree-tier Tariff

1e government later identified the development of renewable energy projects, as a
atter of policy to diversify the electricity sector from high cost thermal power
neration. Therefore, required incentives and assistance was provided for the
newable energy resource development. Further, National Energy Policy 2006 has
entified fuel diversification and energy security in electricity generation as a
-ategic objective and development of renewable energy projects was identified as a
rt of this strategy. In view of above, action has been taken to introduce a cost based,
chnology specific, three-tier tariff instead of avoided cost based tariff with effect

»m year 2007. [12]

1is tariff is designed based on cost of an embedded power plant project. Through this
iiff the developer of EG plant can decide and ensure that he receives the expected
turn on investment and covers the capital & operational cost of the power project.
oreover, the tariff estimation by this method solely depends on the cost and

rformance of the project
tier tariff which is applicable in the present context is mentioned in annexure I (2).
at Tariff

at Tariff is another optional tariff scheme which could be applied for EG Plants. The
ices are non-escalable and no variable cost of O&M included. The EG project
velopers can use this tariff option as alternative to the 3-tier tariff scheme. The

plicable rates are given in annexure I (3).

3.4 Available Plants & Future Additions

ccording to the current statistics 7% of the total installed capacity of the Sri Lanka’s
wer system (including all IPPs) is from Embedded Power Projects. Majority of this
lantum is granted by the small hydro power plants which are scattered mainly in the
ibaragamuwa, Uva & Central provinces. The plants which are located in the wet
ne of the country accounts for continuous and considerable amount of energy

ntribution to the national grid. In these plants, plant factor is retained above 40%.

4552
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everal other types of EG plants including utility owned wind power projects are in
peration.
letails of the number of commissioned private owned plants together with its capacity

re mentioned in Table 2.2.

No. of Total Installed
Type

Plants Capacity (MW)
lini Hydro Power 81 170.36
iomass-Dendro Power 1 1.00
iomass-Agri. & Ind. Waste Power 2 11.00
{aste Heat Recovery Power | 0.10
olar Power ] 0.02
otal 86 182.48

“able 2.2_Quantity of Commissioned EG plants in Sri Lanka

otential of small hydro capacity of which the resources still have not been utilized is
dnsiderable. Through the new trends and the technological improvements, all this
apacity would be absorbed into the system in future. Also, feasibility for many other
ources of renewable energy available in the country has been studied. Another
gnificant potential would be added from these as well. Future projects of EG
ddition to the system (for which permits have already been issued) are as in Table

3.[15]

No. of Total Capacity
Type
Plants ({(MW)
Mini Hydro Power 40 102.00
wind 2 20.00
Biomass-Dendro | 0.27
Total 43 122.27

able 2.3_Quantity of Proposed EG plants in Sri Lanka

herefore, it could be predicted that the total amount of EG capacity in the system

rould reach to around 10% of the total installed capacity in future.
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Chapter 3

Network Analysis

3.1 Selection of a Network
EG has an impact on the power flow of the distribution system as briefed in chapter 2.
Presence of EG causes an alteration in the conventional unidirectional power flow
path. Accordingly presence of EG requires the protection & metering equipment,
switchgear etc of the distribution system to be adjusted for the bidirectional power
flow.
Connection of considerable quantity of EG capacity into the distribution network
resulting variation in network losses is the basis for study. For the analysis of the
network on the above mentioned aspect, it is necessary to select a distribution network
which,
* Vitally shows sections for which network improvements are required to
maintain supply standards.
» Distributed in a comparably large area so that the effect of distance & line
length could be easily assessed.
* Comprises of sufficient amount of Embedded Generation potential in the area
concerned.

* Having sufficient loads & load growth throughout.

A Feeder of Grid Substation Nuwara Eliya was selected in this regard which

comprises most of the above features and study was based on it.

3.2 Estimation of Network Parameters

As an approach for the analysis, overall distribution losses of the feeders in the
selected grid substation was determined. Based on the actual load data and the average
load profile of year 2008, key parameters were determined which have a relationship
with the feeder distribution losses. Peak & average demand (P, , P,..) daily demand
curves, Load factor (e), Peak power loss (Pp). Utilization time of losses (UTL),
Annual energy loss (E;) are the terms which were derived based on the average load

profile of the feeders.
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Load Center

bly of load from load center of the network provides optimum voltage profile and
mum losses. Therefore, for any given radial network, load center is the optimal
ing point which results in minimum amount of distribution losses.

ie conventional feeding arrangements concern on this load center is generally not
e. Cost considerations and addition of future loads being unpredictable, many
tical difficulties are the major concerns for the deviation of feeding point from its

center in feeder design.

>dance seen method was used in determination of load center of the feeder.
-esentation of each branch of the network with it’s per unit impedance and all
s with its equivalent impedance was necessary. Branch impedance was calculated
d on the type of conductor and approximate conductor length.

the load impedance, load at each node was converted into its equivalent
:dance assuming nominal voltage of 1 p.u. at each node, base capacity
=1000kVA and base Voltage Ve =33 kV.

‘as derived by,

VI
=V/I
Ve
=P+ jO= 7%
_ Vz
(P+jO)*

. Vv’

2, ()= ——————pu.
[P(i)— jO®)] (eqn.3.6)

re P(i) - Load Real Power at i node

Q(1) - Load Reactive Power at i" node

V(i) - Voltage at i node

Zp(i) - Load Impedance at i node
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1e simplified radial network consists of leaf nodes (branch end nodes). These leaf
ydes were selected and its impedance was converted to its source node using

llowing relationship. Node 1 was considered as the feeding point.

Source ode ~
/

___Q

T
~ R1
db e
Figure 3.3_ Network Branch
ISl = ZISIHIXAZ(DH+Z,[RODTY
" (Z, SN+ Z(D+Z,1r()]} (eqn.3.7)
/here Z(j) ~ Branch p.u.impedance
Z,[S())] — Load p.u. Impedance at source node before updating
Z,[R())] — Load p.u. Impedance at end node
Zen[S())] — Updated p.u. Impedance at source node

'pon completion of calculation for all the leaf nodes the network was simplified as in

igure 3.4 below.
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ie node with least equivalent impedance is the load center.

Impedance (Q2) Node Number
08 +j 041 4
1.0 +j 053 3
1.2 +j 0.63 5
14 +j 072 ?
14 +j v./4 1o
1.5 +j 0.76 23
19 +j 0.97 21
20 +j 1.04 11
21 +j 1.09 19
23 +j 121 13
28 +j 1.45 7
29 +j 148 9
30 +j 1.57 24
34 +j 1.80 1
39 +j 1.94 17
42 +j 218 8
47 +j 245 18
49 +j 263 14
57 +j 294 10
59 +j 3.14 12
6.2 +j 3.15 25
6.5 +j 3.36 20
72 +j 3.53 22
7.2 +j 370 6
75 +j 4.04 15

ible 3.2 _ Impedances as Seen from Each Node of the Radial Network

irther studies and simulation will be based on above result which represent the main

ad center and the next 5 load centers. Main load center and the other load centers

sed on above result are shown in Figure 3.5.
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Chapter 4

Power Flow Analysis

rder to study the effect of different placements of EG in the system, power flow
ies were carried out. Objective is to identify the variation of the voltage profile
the line losses according to the Point of Common Coupling (PCC) of each of the
plant. The nodes which are the main load centers of the radial network were
ady determined in chapter 3 and it will be utilized in the power flow analysis.
dugh the study on variation of losses with regard to placement of EG plants in the
ler, 1t 1s expected to quantitatively determine the saving of energy which could be

zed for planning of EG interconnections.

Case Study

; mentioned that feeder] of Nuwara Eliya GSS was selected for the analysis.
sting number of EG plants in the selected feeder is one and its capacity is 1.5 MW.
observed that substantial potential of mini hydro power is available in the area of
feeder. It was identified that following mini hydro plants are proposed to be

aected to feeder | at various locations.

Name of MHP Cg&w)t ¥
rundugolla 5.0
ihuloya 35
1atungoda Pallebowala 1.0
nakola 2.5
liyadda 1.0
rapalagama 25

le 4.1_Proposed MHPs to Feeder 1

ations of the above MHPs with regard to the simplified radial network of feeder 1

as in the Figure 4.1 shown below.
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Planning Criteria
vlanning criteria which is applicable to CEB for the network with overhead lines
‘ollows.
luctor - ACSR (Raccoon, Lynx) on Tower, Lattice pole, Steel tubular, RC or
Wooden poles
1ige Regulation (%) - Within (+6%) or (-6%) of Nominal Voltage at the Point of
Supply

ing - Up to Max. 70% of thermal rating subject to voltage criteria

ch stage of the planning process with regard to the load growth, it was verified

1e above parameters remain within the planning criteria.

Load Growth
ler to determine the variation of the system losses with regard to the load growth
s necessary to assess the growth rate of these loads. For this ‘Time Trend Load
‘ast Method” was used. In this method the pattern of historical load development
tended to predict the future load growth, [10]. Empirical relationship for this

ast s,

D =D (1+g)" (eqn. 4.1)
Where D —Demand in t™ year in GWh/year
t  —Number of years
D, — Initial Demand in GWh/year
g — Growth rate
eqn. 4.1 gives,
InD=In(1+g)x(—-1)+InD,
This result in;
g=e" -1

Where m — Gradient of the linear curve of In D Vs (t-1)

By analyzing historical demand data associated to the selected network, growth rate
was obtained. Historical data for the selected feeder alone was not considered because

changes in feeding arrangements from time to time would lead to misrepresentation of
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pproach to load placement and modeling is very well-suited for distribution system
imulation.[13]

lach section may contain a by-phase spot and by-phase distributed load. Distributed
yad is generally calculated through load allocation analysis and does not necessarily
epresent the exact real-world load on each section. Spot loads, on the other hand, are
onsidered to be known loads with metered demands. As such, they are not altered by
.ynerGEE load allocation. In the end, all distributed and spot loads combined should
aatch the demands specified at the feeder or substation, a process handled by load
llocation analysis.

.oads can only be entered into valid phases of a line section. It considers a line
ection containing conductors A, B, C and a neutral. Loads can be entered for phase
\, B and phase C. If the load were connected line-line then only the ‘phase AB’ field
ould contain load. Both kW and kVAr values must be entered for loads. Entering
mnly kW implies that the load has a power factor of 100%.

Inly the load values for kW and kVAr are used during load-flow analysis. Values for

‘Wh, kVA, and customers are not utilized during load-flow calculations. [9]

.5 Simulation Study

_oad, conductor and all other feeder data pertaining to feeder 1 of Nuwara Eliya GSS
vere gathered. These loads were then allocated to each branch in the radial
listribution network. Feeder lengths and impedance values of the relevant conductors
vere also added. The program facilitates addition of generators with a user defined
:apacity and type.

n order to simulate the power flow pattern in the existing system it was required to
letermine the peak demand and the off peak demand of the feeder. Data pertaining to
008 were gathered and the calculation of network parameters of average demand,
eak demand, peak loss, load factor etc. were calculated in previous chapter. Using
his calculation, peak and the average demand were determined. Off peak demand was

ound to be 44% of the peak demand of the feeder.

Page | 36



University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.1k




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www. lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www. lib.mrt.ac.lk




4.6 Calculations
4.6.1 Loss Reduction
This study was extended to calculate the losses at each state of above categories A &
B and the reduction of losses. Simulation results were used for calculations.
Calculation of losses was considered for 3 factors.

1. Reduction in grid substation (transmission) energy demand

2. Reduction in distribution line losses

3. Reduction in grid transformer losses
Energy imported by the transmission network and the energy generated by the EG
schemes have different ‘values’. Cost of generation of a unit using central thermal
generating plants is different from the cost of generation of an EG unit. Hence change
in the transmission energy demand definitely has an impact on the cost of energy
delivered to the consumers in the distribution network.
This energy difference was calculated considering the grid energy demand obtained in
each case of simulation study.

Similarly distribution line loss reduction was obtained by the simulation results.

Transformer load losses are significantly affected by the current flow. ...e feeder
current at grid substation changes according to the demand pattern. Since the EG
causes changes in the grid substation demand the change in losses caused by same is
calculated as follows.

Current through the transformer has a direct relationship to the load loss P by,
Pol’
P =K

Where k is a constant

Transformer which was subjected to the analysis has the specifications,
Power —31.5 MVA
Voltage — 132/33 kV

load loss at rated current — 140 kW
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S = ‘/—?;VL]L
_31.5x10°

.'I red T
ated \/5)(33
I =551.1A

rated

Applying this rated current in above equation,

Prutcd = k X Ilrutul

e 140% 10"
551.1°

k = 0.4609Q

Using this value the transformer loss in each case of simulation was determined.

4.6.2 Cost Analysis

According to the nature of the connection of EG plants it not only acts as another
source of electricity but can potentially substitute for transmission facilities as well as
probable reduction of losses in these networks. Therefore, apparently the units
generated by an EG plant has a higher value than a unit generated at transmission
level by central generating plant. [4]

In order to assess the cost benefit gained due to the EG schemes it is necessary to look

into the existing & projected costs of generation of both above types.

The central generating system mainly consists of mass hydro power plants and
thermal power plants. Larger proportion of the country’s potential for mass hydro
plants has already been absorbed in to the national grid. With regard to the increase in
power demand high capacity thermal power plants which utilize HFO have been
added to the system. These are mainly in the form of 1PPs.

Total installed capacity of mass hydro power generation at present is 1345 MW while
the same of thermal generation is 1285 MW. In a situation where the system
maximum demand retains at a value of 1922 MW and the load factor at 58.6% and as
the water levels of the reservoirs are not stable throughout, it is obvious that larger
proportion of the demand is met by thermal generation. {2

% Share of the total generation by source over the last few years is shown in Figure

4.11 below.
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Therefore, Saving = E,C, —(E,C, +eC,)

=(E, - E)C, —(E, - E, +1, =1))C,
=(E, - E,XC, - Cy)+(, -1,)C,

Ultimately, the cost benefit the utility could gain within the planning horizon by
optimal placement of EG plants in the network was determined. Basis for the NPV &
IRR calculation was the two states of (1) and (3) in the proposed systems(category B).
It was found that maximum loss reduction could be gained in case (3) in category B.
1.e. Connecting the EG Plants to the nearest load center out of the 5 load centers
obtained by the calculation.

The method which is currently used by CEB for interconnection of the proposed EG
plants is the case (1) of category B. i.e. connecting them to the nearest end of the
distributor.

Therefore the additional cost which has to be borne for new line construction to
connect the EG plants to the load centers and the saving gained by reduction of grid
demand & losses were subjected to find the profitability of implementing such
scheme.

For the network modification to bring the connection of EG plants to the nearest load
center, in this case study following work content is required and the relevant cost as

per the existing actual rates is mentioned in Table 4.4 below.

Construction Detail Lfknrﬁ;h (nﬁﬁﬁhcﬁ?m

Lynx conductor line | Kurunduoya SMW to node 4 15 51

Lynx conductor line | Karapalagama 2.4 MW to Node 3 17 57.8

Lynx conductor line | Maliyadda 1MW to Node 5 8 27.2

Lynx conductor line | Manakola 2.5 MW to Node 16 10 34

Lynx conductor line | Kabaragala 1.5MW to Node 19 5 17

Lynx conductor line | Illukpelessa 3.5 MW to Node 23 10 34

Lynx conductor line | Rahatungoda 1 MW to Node 23 7 23.8
Total 72 244.8

Table 4.4_Required network modifications

These values were included as the project cost in NPV/ IRR calculation
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5.2 Network Losses
5.2.1 Results of the Analysis of System with Existing Embedded Generator

Following are the result obtained on further calculations of the simulation results. It
shows how the existing EG on the feeder (1 No. of MHP — 1.5 MW) has caused for
the variation of losses including distribution line & grid transformer. Result is given in
the following tables which shows the overall losses for the three cases of,
1. System with no embedded generation all the time
2. System with existing EG at the present Point of Common Coupling(PCC)
where the percentage output of EG in each of the month has been taken into
consideration. There output percentages were obtained from historic data of
that plant.
3. Simulation of a system if the existing generator had been connected to nearest

load center via a separate line.

Power Power Loss
Demand (kW) Annual Annual Annual GSS
(kVA) GSS Dist. Line | Transformer
I;Z £ Loss Energy Loss
Peak | pon | Peak | )0 &“é?ﬁﬁ' (MWh) (MWh)
Period of | 15141 | 5104 | 631 | 110 | 438663 | 13439 39.3
| year
Total 43866.3 1343.9 39.3
Table 5.1_ System with no embedded generation all the time
EG Di(:l:;e[:- d Power Loss | Monthly | Monthly Monthly
Output (kVA) (kW) GSS Dist. GSS
of Rated Energy Line Transformer
Capacit Offt Off | Demand Loss Energy Loss
(7% | Peak | peor | Peak | bt | MWhy | (MWh) | (MWh)
Jan 25 11545 | 4577 557 ) 3376.8 92.5 2.8
Feb 6 1 1063 4947 ANR 1N 71D A Q 7 a
Mar 9 11918 | 4908 | ous | twu| v | b | a1
Apr 14 [1808 | 4810 589 95 3417.1 98.0 2.9
May 18 11720 | 4732 578 91 34794 97.9 3.0
Jun 31 11415 | 4461 542 80 | 3193.7 85.3 2.6
Jul 36 11306 | 4365 530 77 3236.6 85.4 2.6
Aug 20 11676 | 4693 573 90 | 3453.6 96.9 2.9
Sep 28 11480 | 4519 550 82 3230.8 87.1 2.7
Oct 43 11134 | 4212 511 71 3135.3 80.1 2.5
Nov 71 10498 | 3646 448 58 2671.9 65.2 1.9
Dec 56 10835 | 3946 480 64 | 29594 73.4 2.2
Total 39021.6 1064.3 32.0

Table 5.2_System with existing EG at the present PCC
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Chapter 6

Conclusion

This project is based on a study which was focused on the distribution losses,
operation of embedded generators on the distribution network and its impact on
minimization of network losses & generation costs by means of optimal allocation of
embedded generators. Through the study it was possible to come oul with several

important findings which will benefit the utility in achieving above mentioned goals.

Presence of the embedded generation on a distribution network causes an improved
voltage profile compared to a system with no embedded generators. In the distribution
planning process this 1s a positive feature yet constrained by the reliability of
embedded generation. [t was seen that inclusion of more embedded generators in the

system causes a better voltage profile.

Embedded generators do make significant  contribution for distribution loss
minimization and saving of generation cost. It takes place by means of reduction in
distribution line & grid transformer losses and replacing the thermal generation by
cmbedded generation of which the generation cost 1s comparably less. It is found that
the distribution system in the existing cituation has line losses of about I GWh per
year and it could have heen around 1.4 GWh per year if the embedded generation
were not present in the distribution system. Therefore in the present scenario,
contribution of the embedded generator for loss minimization is 23%. In addition the
embedded generator has caused reduction of nearly 25% of transmission energy
demand. Thus the utility has been benefited by it due to the EG energy being lower
cost than a thermal unit. Therefore it is concluded that operation of embedded
generator of capacity | 5 MW in feeder 1 of Nuwara Eliya grid substation has caused

overall reduction in network losses and generation costs.
The study was then extended to evaluate on the network performance when significant

capacity of additional embedded generation is connected to the network. All proposed

mini hydro plants in feeder | of Nuwara Eliya GSS were selected as the case study
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and simulation was carried out in actual terms. It revealed that when significant
capacity of embedded generators (16 MW) is connected to the distribution system it
changes the power losses, and decrease the grid substation energy demand. Power
losses may increase in case of reverse power flow to the transmission network. Power
flow study revealed that the proposed embedded generation scheme when connected
in the common method (i.e. to the distributor ends) causes an overall network loss
reduction of 40% for annum. In further studies it revealed that if the network was
modified to connect the embedded generators to the nearest load center with a
separate interconnection line, further improvement is possible to raise the figure up to
60%. Distribution line losses reduce significantly while the grid transformer losses
also reduce in a smaller proportion of about 10% of line losses. Analyzing the results
it is also concluded that the EG scheme if operated reliably, will cause significant
reduction of transmission energy demand by about 80% in the best scenario and 1t
could be further improved through the modification of the network interconnection of

the EG plants.

Finally it was studied whether a project for modification of the interconnection
arrangement of the embedded generators as above, would be profitable for the utility
by means of saving by loss reduction and generation costs. The growth of the system
was studied with respect to the two connection arrangements for a period of 10 years.
It revealed that it yields a satisfactory NPV and an acceptable Internal Rate of Return
of 26%.

Therefore it is concluded that the concept of interconnecting the embedded generators
specifically to the main load centers of the network is profitable to the utility.

The length of lines, availability of EG sources, spreading of loads etc. have been
moderate for the feeder concerned for study. Significant deviation of any of these
factors in a network could make deviations in the final result as well. Hence this

concept may be applied to the network by studying its features separately.

Main constraint on implementation of above is the reliability of EG plants. There 1s no
commitment on the reliability of these EG plants hence its energy contribution for the

system may not reach the expected values.

) | | T UgRARY
Finally. how this concept could be included in our utility is briefed as follows.» = e

N T
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In present practicc of CEB when planning grid interconnection proposals for
embedded generators, network losses are not taken as a major consideration.
Connection arrangement is planned through studies on network voltage levels, fault
levels, geographical constraints and protection issues. If the planning process 1S
extended to concern the network losses too, it would be profitable for the organization
in long term. Optimal allocation of the embedded generators could be planned using
above concept. In highly loaded lengthy feeders within urban areas, the loss levels

could be significantly minimized by optimal allocation of embedded generators.

It could be further suggested that either the utility itself could carry out the required
network modifications at its cost and gain the full return of it. Else the modification
could be imposed on the plant developer for implementation and allowance of certain
return to the developer through a formal tariff incentive or through distribution loss
adjustment factor. The latter type is already practiced in certain developed countries
by its distribution network operators. For this, calculation of site specific &

connection loss adjustment factors using a standard methodology is required.
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1. Avoided Cost Based Tariff

Appendix A

Year 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Dry Season
. . 5 . . . 5. . . .05 . . . .
(LKR/KWh) 2.90 | 3.38 | 3.51 | 3.22 | 3.11 | 4.20 13 | 6.06 | 5.70 | 6.0 6.73 | 7.64 | 9.65 | 11.17
Wet Season
. . . . . . 4. 5.85 | 4. . . 94 | 8. 10.
(LKR/KWh) 290 | 2.89 | 3.14 | 2.74 | 2.76 | 4.00 91 85 495|530 | 582 | 6.9 8.94 0.59
Dry Season: February, March & April
Wet Season: Other Months
2. Three-tier Tariff
Escalable Escalable Non-escalable Escalable Year 16+
Base Base Fuel |  Tier 1 Tier 2 Tier 3
Type of Plant O&M Royalty
Yearl - Y 9-15 Year 16 - Pavment
LKR/KWh | LKR/KWh 14 LRR/CWh 20 y
LKR/kWh LKR/kWh
1)
Mini-hydro 1.55 None 14.18 5.16 1.62 10% of total
tariff
(4]
Wind 2.46 None 22.53 8.19 1.62 10% of total
tariff
Biomass (Dendro) 1.24 7.14 8.5 3.09 1.62 No royalty
Agri. & Industrial "
Waste 1.24 3.56 8.5 3.09 1.62 No royalty
Municipal Waste 3.13 None 12.26 4.46 1.62 No royalty
Waste Heat 0.49 None 10.15 3.69 1.62 No royalty
Recovery
Escalation rate for
2009 0.08 0.05 - - 0.054

3. Flat Tariff Option

All Inclusive Rate
Type of Plant (LKR/kWh)
for years 1-21
Mini-hydro 14.58
Wind 23.07
Biomass (Dendro) 18.56
Agricultural & Industrial
Wgstzu tural & Indust 13.88
Municipal Waste 15.31
Waste Heat Recovery 9.55




Appendix B

Average Power Demand of the Feeders in Nuwara Eliya GSS for year 2008

Feeder Demand (MW)
Time of Feeder Feeder Feeder Feeder Feeder Feeder
Day 1 2 3 4 5 6
0:30 2.4 23 0.4 19 22 -0.8
1:00 24 23 04 1.9 22 0.8
1:30 2.4 23 04 19 22 -0.8
2:00 2.4 23 04 19 22 -0.8
2:30 2.4 2.3 0.4 1.9 22 -0.8
3:00 2.4 23 04 1.9 2.2 -0.8
3:30 24 23 0.4 19 22 -0.8
4:00 29 2.6 0.4 2.0 24 -0.7
4:30 2.9 2.6 04 2.0 24 -0.7
5:00 38 3.6 0.5 25 32 -0.1
5:30 4.5 4.7 0.6 3.1 4.1 0.6
6:00 5.5 5.4 0.7 3.3 46 0.7
6:30 5.2 5.1 0.7 34 4.6 0.7
7:00 4.4 4.1 0.6 3.0 3.8 0.6
7:30 4.4 4.1 06 3.0 38 06
8:00 34 33 0.5 28 4.0 0.6
8:30 34 33 0.5 2.8 4.0 0.6
9:00 31 32 0.5 23 4.1 0.8
9:30 3.1 32 0.5 2.3 4.1 0.8
10:00 28 3.0 0.5 2.0 38 1.1
10:30 28 3.0 0.5 2.0 38 1.1
11:00 2.8 3.0 05 2.0 38 1.1
11:30 2.8 3.0 0.5 2.0 38 1.1
12:00 2.8 3.0 0.5 2.2 38 12
12:30 2.8 3.0 0.5 2D 38 12
13:00 28 3.0 0.5 22 38 1.2
13:30 28 3.0 0.5 22 38 12
14:00 2.8 3.0 0.5 23 38 1.2
14:30 28 3.0 0.5 23 38 12
15:00 28 3.0 0.5 23 38 1.2
15:30 2.8 3.0 0.5 2.3 38 12
16:00 3.0 3.0 0.5 22 3.9 12
16:30 3.0 3.0 0.5 22 39 1.2
17:00 39 36 0.6 2.6 4.4 12
17:30 4.7 4.6 0.6 2.8 4.8 1.2
18:00 5.6 5.5 0.7 3.0 5.1 13
18:30 6.8 7.6 08 35 6.0 14
19:00 7.8 9.1 0.9 4.4 6.8 1.6
19:30 7.6 8.3 1.0 45 7.1 1.7
20:00 6.9 82 0.9 4.4 6.6 1.5
20:30 6.4 7.4 0.8 4.0 6.0 12
21:00 5.2 6.3 0.7 33 53 1.1
21:30 4.4 54 0.6 31 43 1.0
22:00 38 47 0.5 2.8 3.5 09
22:30 38 47 05 2.8 35 09
23:00 32 3.7 04 2.5 3.0 0.8
23:30 32 37 04 2.5 3.0 0.8
0:00 2.5 2.7 0.4 22 2.5 0.6
Average
Demand 3.7 3.9 0.5 2.6 3.9 0.7
(MW)




Energy Demand of the feeders of Nuwara Eliya GSS in year 2008

Appendix C

Feeder 1 Feeder 2 Feeder 3 Feeder 4 Feeder 5 Feeder 6

(MWh) (MWh) (MWh) (MWh) (MWh) (MWh)
January 3000 2700 200 1800 3000 500
February 3010 2662 203 1951 3137 558
March 3169 2955 189 1340 3326 532
April 2635 2710 189 884 3068 743
May 2970 2703 310 1651 3314 819
June 2600 2600 350 1650 3000 650
July 2000 2243 431 1672 2562 527
August 2032 2670 504 1707 2420 590
September 2500 2670 420 1750 2300 450
October 2944 2681 381 1860 2088 366
November 2620 2430 458 2423 2121 364
December 2286 2466 470 1416 1754 551
Egﬁ;:&"&fq‘ﬂvh) 31765 31490 4106 20106 32090 6649
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