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A Basis for a Natural Electricity Tariff  
A Case Study of the Domestic sector 

 
Rohan Lucas, Member SLEMA and Nalin Wickramarachchi 

University of Moratuwa, Sri Lanka 
 

Abstract:  

The electricity tariff in effect in Sri Lanka at 

present, cross-subsidises domestic consumers 

with low energy demand by using a high unit 

charge on customers using more than 120 units 

per month. As the number of customers in the 

categories above 120 units are about 11% of the 

total domestic customers, this strategy places a 

heavy burden on a minority of electricity cus-

tomers. This paper studies an alternative sce-

nario in which every customer has an equal 

right to the cheapest form of electricity, while 

the electricity supply licensee recovers the full 

approved cost of electricity. Such a tariff does 

not require cross-subsidies but still maintains 

the special benefits to those consuming less 

than 30 units of electricity a month. The result-

ing tariff is calculated on the same basis as the 

present domestic block structure and has the 

lowest unit charge of 7.67 LKR/kWh and the 

highest unit charge of 28.25 LKR/kWh. A 

comparison of the total monthly electricity cost 

for domestic sector with the present subsidised 

tariff is presented.  

Introduction 

In accordance with the policy guidelines [1] 
formulated in 2009 by the Public Utilities 
Commission of Sri Lanka (PUCLS), it is re-
quired that the average electricity price to each 
category of consumer in the domestic sector be 
gradually made cost reflective, while giving 
special benefits to those consuming less than 
30 units of electricity a month.  PUCSL has 
consequently approved a consumer tariff [2] to 
be implemented by the Distribution Licensees 
over the period from January to June 2011. 
Wherein, the policy objectives have apparently 
been achieved through what appears to be a 
large cross-subsidy from those consuming 
more than 180 units per month to those con-
suming less than 30 units per month.  As the 
number of customers in the higher group is 
relatively low, the cross-subsidy appears to be 
unrealistically high.  

This paper attempts to present a different sce-
nario, in keeping with the government policy, 

but reducing the necessity for significant cross-
subsidies. In this scenario, all generated units 
are not considered to cost the same at an aver-
aged value.  All cost components in the tariff 
are taken in accordance with those adopted by 
the PUCSL in determining tariff for the domes-
tic sector. 

Analysis has been carried out based on data 
approved by the PUCSL for the purposes of 
the tariff formulated for the period January to 
June 2011.  Information obtained for this six 
month period has been suitably extrapolated to 
obtain annual values for year 2011.   

The tariff principle suggested in this paper is 
based on the premise that the natural resources 
of the country, in particular hydro energy, be-
longs equally to all Sri Lankans.  These hydro 
power resources thus do not have a direct fuel 
cost, but an added cost in converting the re-
source to electrical energy and transmitting the 
energy from the hydro-power site to the prem-
ises of the individual customer.  
 
Distribution of Consumers according to 

Category 

Table 1 shows the distribution of consumers 
according to the broad tariff categories, to-
gether with costs and cross-subsidies.  It is 
seen that 40% of the total electricity sales is to 
the domestic sector. 

Table 1 – Consumer Categorisation in the 
PUCSL Formulated Tariff 

Consumer 
Category 

Total 
Sales 
GWh 

Total 
Sales 

Total 
Cost 
LKR 

million 

Total 
revenue 

LKR 
million 

LV Domes-
tic 

3,853 39.9% 73,592 40,161 

LV Other  1,594 16.5% 22,300 26,401 

LV Bulk 2,739 28.3% 33,306 45,790 

MV 1,480 15.3% 15,303 19,900 

Total 9,666 100.0% 144,502 132,252 

 
The total cost has been calculated at the rates 
arrived at by the PUCSL. The rates have been 
worked disregarding the repayment of long 
term debts. It is seen that while the total cost of 
supplying the domestic sector is 73,592 LKR 
million in 2011, the revenue from this sector 
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amounts to only 40,161 LKR million.  It s seen 
that even with the cross-subsidies, an addi-
tional subsidy of  12,250 LKR million has to be 
provided by the Government to meet the short 
fall.   

Table 2 shows the distribution of domestic cus-
tomers according to their monthly electricity 
consumption.  

The total number of consumers in 2011 has 
been taken as 5.22 million, as used in the 
PUCSL tariff determination, to give 4.61 mil-
lion consumers in the domestic sector.  

 

 
Table 2 – Domestic Consumer Categorisation According to Electricity Consumption 

Customer 
Category 

Tariff 
LKR/kWh 

Number of 
Consumers 

million 

Number of 
Consumers 

Total 
Sales 
GWh 

Total 
Sales 

% 

Total Cost    
LKR million 

Total Reve-
nue LKR 
million 

0-30 3.00 1.163 25.22% 233 6.05% 5,518 699 

31-60 4.70 1.341 29.09% 756 19.62% 15,928 2,721 

61-90 7.50 1.109 24.06% 1018 26.42% 20,093 4,680 

91-120 21.00 0.507 11.00% 666 17.29% 22,225 5,140 

121-180 24.00 0.344 7.46% 588 15.26% 4,544 6,604 

181-600 36.00 0.139 3.02% 492 12.77% 3,802 11,025 

>600 36.00 0.007 0.15% 100 2.60% 1,479 3,263 

Total  4.61 100.0% 3,853 100.0 % 73,590 34,132 

 

Table 3 – Forecasted Transactions for January-June 2011 

Energy Resource 
Capacity 

MW 

Generation 
Capacity Cost  
LKR million 

Generation 
Energy Cost 
LKR million 

Rate at Dis-
patch 

LKR/kWh 

Dispatch 
GWh 

Sales 
(Proportionate) 

GWh 

CEB Hydro  1,203  2,067 - -  1,702  1,488 

CEB Oil  481  1912  8,240  11.82  697  610 

CEB Coal  300  399  3,670  5.11  718  628 

IPP Thermal  825  7,958  22,338  11.07  2,021  1,767 

Northern generation  20  214  1,185  11.45  104  91 

NCRE    0  3,070  11.37  270  236 

Total    12,550  38,503    5,512  4,820 

 

Table 4 – Cost of Energy at the End-user for January-June 2011 

Energy Resource 
Generation 

Energy 
Cost 

Generation 
Capacity Cost 

Transmission 
Cost 

Distribution 
Cost 

Short-Term 
Debt Ad-

just 

NCRE 
Adjustment 

Total 
LKR million 

CEB Hydro -  2,067 1,116 3,925 0  0 7,108 

CEB Oil  8,240  1912 457 1,607 599  0 12,815 

CEB Coal  3,670  399 471 1,656 267  0 6,463 

IPP Thermal  22,338  7,958 1,326 4,661 1,625  0 37,908 

Northern genera-
tion 

 1,185  214 68 240 86  0 1,793 

NCRE  3,070  0 177 623 223  567 4,660 

Total  38,503  12,550  3,615  12,711  2,800  567  70,747 
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Table 5 – Effective Energy Cost of Different Resources, Estimated for 2011 

Energy Resource 
Sales 

GWh 

Total Cost 

LKR million 

Average Effective 

Unit Cost 

LKR/kWh 

39.9% Sales 

GWh 

Effective Unit 

Cost for Domes-

tic 

LKR/kWh 

CEB Hydro          2,984   14,470  4.85  1,190  6.22 

CEB Coal          1,259   13,157  10.45  502  13.40 

CEB Oil          1,223   26,088  21.33  487  27.34 

Northern genera-
tion 

            182   3,650  20.00  73  25.63 

NCRE             473   9,487  20.05  189  25.70 

IPP Thermal          3,544   77,171  21.78  1,413  27.92 

Total  9,666  144,022 14.90 3,854  19.10 

 
Table 6 – Domestic Consumer Categorisation according to Electricity Consumption 

Customer 
Category 

Number of 
Consumers 

million 

Total Sales 
GWh 

PUCSL 
Based Cost     

LKR million 

Present 
Tariff 

LKR/kWh 

Expected 
Revenue 

LKR million 

Natural Cost     
LKR million 

Natural Cost 
Basis 

LKR/kWh 

0-30 1.163 233 5,518 3.00 699 1,787 7.67 

31-60 1.341 756 15,928 4.70 2,721 10,514 25.36 

61-90 1.109 1,018 20,093 7.50 4,680 19,258 28.25 

91-120 0.507 666 22,225 21.00 5,140 14,471 28.25 

121-180 0.344 588 4,544 24.00 6,604 13,664 28.25 

181-600 0.139 492 3,802 36.00 11,025 11,527 28.25 

>600 0.007 100 1,479 36.00 3,263 2,414 28.25 

Total 4.61 3,853 73,590  34,132 73,636  

 

The cost calculation has been obtained as per 
the PUCSL tariff determination document.  It 
is also seen that over 78% of the customers use 
less than 90 units per month, who appear to 
pay only a small fraction of the cost incurred, 
while just over 3% of customers use more than 
180 units per month, and are seen to pay sig-
nificantly higher. 

The present tariff is a modified form of the 
PUCSL originally formulated tariff and hence, 
as seen in Table 2, the specified revenue in 
Table 1 of 40,161 LKR million for the domestic 
sector will not materialise and an amount of 
34,132 LKR million can be expected as the total 
domestic revenue. Thus an additional shortfall 
of 6,029 LKR million needs to be met by subsi-
dies. 

Revaluation of Tariff Formulation 

The re-evaluation of the tariff formulation is 
based primarily on the premise that the natu-
ral hydro resources of Sri Lanka belongs to all 
Sri Lankans, and all Sri Lankans should be 
able to reap its benefits equally while the Dis-
tribution Licensees recover the full approved 
cost of electricity. From available information 
[2], the domestic sector is expected to account 
for very nearly 40% of the electricity consump-
tion in 2011.  

 

As identified in the policy guidelines [1] of the 
PUCSL, fundamental changes to the tariff 
structure may be necessary and the average 
electricity price to each category of consumers 
will be gradually made cost reflective.  With 
this in mind, the authors have tried to present 
a formulation that tries to avoid the necessity 
for cross-subsidies within tariff categories. 
However, any suggestions made have to be 
considered within the context of socio-political 
framework of the country in implementation. 

Table 3 shows the installed capacities and the 
distribution of expected generation from each 
type of energy resource during the six-month 
period from January to June 2011. This period 
has been considered as it is the planning hori-
zon of the PUCSL for the implementation of 
the tariff.  The table further shows effective 
sales from each type of generation, on a pro-
portionate basis, after allowing for the trans-
mission and distribution losses in the system.  
It is to be noted that no energy costs have been 
associated with the hydro-power plants of the 
CEB. Thus while 5,512 GWh is expected to be 
generated and dispatched during the first six-
months of 2011, only 4,820 GWh will be util-
ised (This includes not only the units sold to 
the consumer, but also those utilised for street 
lighting). 
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Table 4 shows the components of cost in the 
calculation of cost of energy at the end-user 
point.  In this calculation, it is assumed that 
the transmission and distribution costs are 
somewhat proportional to the energy dis-
patch, and as such assigned proportional to 
energy dispatched. 

While the long term debts have not been in-
cluded in the present tariff formulation, short-
term debt adjustment has been assigned pro-
portional to the generation cost, primarily ow-
ing to lack of better information. This will not 
have any significant effect for the present 
study.  However if actual information is avail-
able, the assignment can be adjusted accord-
ingly. 

In addition to the generation, transmission 
and distribution costs, adjustments have been 
made by the PUCSL, in their approval for 
2011, for a total short-term debt recovery of 
2,800 LKR million and for an adjustment of   
11 cts on all dispatched units, to bridge the 
gap between the feed-in-tariff and the value of 
avoided thermal energy by non-conventional 
Renewable Energy (NCRE. While the short-
term debt has been distributed to each type of 
generation proportional to the energy cost, the 
NCRE adjustment has not been so distributed 
to give an undistorted picture (Table 4).  

The energy sales of 4,820 GWh and total en-
ergy cost of 70,747 LKR/kWh for the 6-month 
period from January to June 2011, has been 
extrapolated and adjusted to yield the annual 
figures of  9,666 GWh and 144,022 LKR million 
for the complete year 2011 under review.  The 
slight adjustment has been done to account for 
monthly variations.   

Table 5 shows the calculated values of the ef-
fective unit cost of the various resources. 
While no fuel cost has been attributed to the 
hydro resources, the generation capacity cost 
and the transmission & distribution costs to-
gether give an effective unit cost of 7.67 
LKR/kWh at the end-user point for hydro.  In 
the same manner of evaluation, coal power 
which has a dispatch energy cost of 5.11 
LKR/kWh, has an effective average cost of 
13.40 LKR/kWh when infrastructure is con-
sidered. All other energy resources have an 
effective cost of around 25 to 28 LKR/kWh at 
the point of the end-user, if gas turbines are 
not considered.  When all the resources are 
taken together, the average effective unit cost 
at the point of the end-user works out to 19.10 
LKR/kWh, which is consistent with that in the 
PUCSL tariff determination.    

 

Determination of a Natural Tariff 

The effective energy cost of different resources 
is used as the basis for determining a natural 
tariff for the domestic sector for the year 2011.   

Thus 39.9% of the electricity generated from 
each resource is also tabulated in Table 5, cor-
responding to the domestic consumption for 
use in tariff determination. 

Analysis of the basis of tariff (see the annex) 
on the premise that every customer has an 
equal right to the cheapest form of electricity, 
yields the effective costs for the different 
blocks of consumption, with the number of 
domestic customers at 4.61 million in 2011.   

Thus natural tariff to fully recover costs would 
be  

i. first block of 30 units @ 7.67 LKR/kWh 
ii. second block of 30 units @ 25.36 

LKR/kWh 
iii. remainder at 28.25 LKR/kWh 

Table 6 compares the cost of electricity for the 
different blocks of consumption as identified 
at present with that based on the availability 
of the cheapest form of electricity equally to all 
customers.  The present tariff and the natural 
cost based tariff have not been compared as 
the expected revenue at present tariffs falls far 
short of cost. 

Table 7 presents the comparative monthly cost 
of electricity for domestic customers at certain 
consumption levels coinciding with tariff 
block margins. The present total monthly cost 
is calculated from the tariff structure in effect 
from January 2011. The same fixed cost com-
ponent as in the present tariff has been applied 
for both cost calculations. It is to be noted that 
no subsidies have been included in the natural 
cost basis tariff. 

Table 7 – Comparison of Monthly Electricity 
Bill for Domestic Customers 

Monthly 
Consumption 

kWh 

Natural 
Cost Basis 

LKR 

Present 
Tariff 
Basis  
LKR 

30 230 120 

60 991 291 

90 1,838. 546 

120 2,686 1,401 

180 4,381 2,841 

240 6,076. 5,001 

300 7,771 7,161 
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Conclusions 

A new tariff structure for the domestic cus-
tomer category has been developed on the ba-
sis of full cost recovery and on the premise 
that every customer has an equal right to the 
cheapest form of electricity. The cheapest 
source of electricity being hydropower and the 
next cheapest being coal, the cost of these units 
were made available to all categories of cus-
tomers as the initial part of their consumption. 
Any further demand was assigned progres-
sively from higher cost energy resources. The 
resulting unit cost is given in the final column 
of Table 6. 

By way of comparison to the present electric-
ity tariff for a domestic consumer, a monthly 
consumption of 30 units will cost 230 LKR 
with the new structure as compared with 120 
LKR at present. At 90 units the cost compari-
son would be 1838 LKR against 546 LKR as the 
consumer would be drawing more from 
higher cost resources. However the disparity 
reduces as the consumption increases, for ex-
ample at 180 units 4,381 LKR against the pre-
sent tariff of 2841 LKR, and at 300 units 7,771 
LKR against 7,161 LKR. 

This study has presented a perspective on how 
a full cost recovery tariff will affect the elec-
tricity cost for domestic consumer. Realisation 
of such a tariff however needs to address the 
concerns of all social and political stake-
holders, as subsidies have been fully removed.   

It is to be noted that the coal plant being fully   
operational from 2012, after the paper was first 
written, the natural cost for the middle tier of 
consumers should decrease from the calcu-
lated value. 
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Annex – Calculation of Natural Tariff based 
on equal right to cheap resources 

First tariff block (< 30 units/month  first 365 
units annually) 
 

Consumption  
 1.163 million consumers in < 30 units/month 

category  =  233 GWh 
 3.447 million consumers in higher categories 

(3.447*365) = 1,258 GWh  
 Total consumption in block = 1,491 GWh 

Supply 
 CEB Hydro @ 6.22LKR/kWh = 1,190 GWh 
 Coal @ 13.40 LKR/kWh  =    301 GWh 
 Total supplied in block   =   1,491 GWh 
Effective unit cost  
 (6.221190+13.40301)/1491= 7.67 LKR/kWh 

 
Second tariff block (30 to 60 units/month)  
 1.341 million consumers in category (756 – 

1.341*365) =  266 GWh  
 2.105 million consumers in higher categories 

(2.105*365) = 768 GWh 
 Total consumption in block =  1,034GWh 

 
Supply 
 Balance Coal @ 13.40 LKR/kWh (502 – 301)        

=     201 GWh 
 Other resources @ average  28.25 LKR/kWh 

(1034 – 201) =  833 GWh  
 Total supplied in block  =   1,034 GWh 

 
Effective unit cost  
  (201*13.40+833*28.25)/1034 = 25.36 

LKR/kWh 
 
Remaining tariff blocks (beyond 60 units/month)  
Effective unit cost  
 Other resources @ average  28.25 LKR/kWh 

= 28.25 LKR/kWh 
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Abstract 
 

In 1980s all most the entire requirement of 
electricity was generated from hydropower. 
As the economically viable hydropower po-
tential in the country has now been fully util-
ized and owing to several other reasons, the 
Sri Lankan power utility, Ceylon Electricity 
Board (CEB) had to build thermal power 
plants to meet the growing demand. Many 
thermal plants operating on liquid fuel were 
commissioned during the peroid 1995-2007, 
and according to the CEB Long Term Genera-
tion Plan 2008-2021, more than 3500 MW of 
coal fired power plants are expected to be 
connected to the power system in the period 
up to 2021. Owing to this high proportion of 
coal-fired power plants, the option of building 
a pumped storage power plant (PSPP) could 
be feasible for Sri Lanka in the future. There 
are many sites suitable for consideration for 
development of a PSPP. This paper analyses 
the economic feasibility of four selected 
pumped storage power plant sites in two ar-
eas. The findings show that the sites referred 
to as Kiriketi Oya may be developed first. 
 
Introduction 
 
Method of Calculation [1] 
 

Calculations were done using the measured 
values based on layouts done on 1:10,000 scale 
topographical maps and formulae based on 
the quantities of existing facilities. Formulae 
used were developed in Japan for the purpose 
of the hydropower potential study. These for-
mulae were prepared for each facility such as 
the intake weir, intake, headrace, etc. The 
quantities of works were calculated for main 
work items such as excavation, concrete, em-
bankment, reinforcement bars, gates, screens, 
and steel conduits. 
 
The following symbols and units are used in 
the calculation. 

 
Ve: Excavation volume (m3),          
Vc: Concrete volume (m3),  
Vf: Dam embankment volume (for fill dam) (m3),          
Wr:Weight of reinforcement bars (ton),  
Wg:   Weight of gate (ton),  
Wp: Weight of steel conduit (ton),  
Ws: Weight of screen (ton). 

 
Quantities of work items other than the main 
work items were not calculated. However, 
their costs were calculated as “others” in a 
lump-sum at a certain ratio against the total 
cost of main work items. Quantities of works 
of headrace tunnels and penstock were calcu-
lated based on their inner diameters. The inner 
diameter adopted in this paper is the eco-
nomic cross section based on the prices of 
commodities in Japan. Although there may be 
differences due to the price levels in the rele-
vant developing countries, such differences 
are neglected in this paper. 
 
Conditions for Construction Cost Estimate 
 

Construction costs calculations are described 
in Table 5 for Kiriketi PSPP I. In the prepara-
tory works, access roads cost was calculated 
based on the quantity of work and unit costs, 
while the costs of the office and camp facilities 
are calculated making reference to actual costs 
of similar projects. For pumped storage type 
2% of the cost of civil works was estimated for 
preparatory works, access roads. Environment 
mitigation cost was assumed to be 3% of the 
total cost of the civil works. The cost of civil 
works and hydraulic equipment were calcu-
lated by multiplying the quantity of main 
items of works by unit cost which is described 
in Table 3 and Table 4 for Kiriketi PSPP I. The 
work quantity was obtained from tables, dia-
grams and numerical formula. In this evalua-
tion, the main work items of structures of civil 
works are excavation, concrete, embankment, 
and reinforcement bars and those of hydraulic 
equipment are gate, screen, and steel pipe. The 
costs of other items of work, other than the 
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main items, were calculated as “Others” in a 
lump-sum at a certain ratio against the total 
cost of the main work items. Unit costs were 
obtained by making reference to the latest data 
of similar works in Sri Lanka’s Upper Kotmale 
hydropower project.  
 
The construction costs of turbines, generators, 
control devices and main transformers, etc. 
were appropriated in a lump-sum in “Electro-
mechanical equipment”. There is a relation-
ship that is almost as a straight line on loga-
rithmic paper between electro-mechanical 
equipment cost according to each turbine type 

and P /     (P: maximum output in kW, He: 

effective head in meters), as shown in the ex-
ample in Figure 1.  
 
Figure 1- Example of Electro-Mechanical 
Equipment Cost [1] 
 

 
 
In this paper, the construction cost of trans-
mission lines was not considered. The follow-
ing are included in the costs of “administra-
tion”, “engineering service”, “contingencies”, 
which were calculated by multiplying the di-
rect construction cost by an appropriate ratio.  
The administration cost includes personnel 
expense and expenses to maintain the con-
struction office. The engineering service cost 
includes expenses related to technical services 
such as design work and construction supervi-
sion conducted by consultants. In this evalua-
tion, 15% of the direct construction cost was 
appropriated as the cost of administration and 
engineering services. The contingency in-
cludes physical contingency which is the in-
crease of quantities of work, and 10% of the 
direct construction cost was appropriated for 
the contingencies. Interest during construction 
was calculated based on the following condi-

tions. 
 
Interest rate (i) was calculated taking into ac-
count the ratio of local currency and foreign 
currency. For example, if the local and foreign 
currency portions were 25% and 75% respec-
tively the calculation is as follow. 
 
i = i1×0.25 + i2×0.75 = 6% 
i1 : Interest rate for local currency = 20% 
i2 : Interest rate for foreign currency =1.4% 
 
Interest during construction = (cost of prepara-
tory works + cost of environmental mitigation 
+ cost of civil works + cost of hydraulic 
equipment + cost of electro mechanical 
equipment + cost of administration and engi-
neering service + contingency) × 0.4 × i × T 
 
where, 
T : Construction period (years) = 5 years 
The value of 0.4 is a cash flow coefficient 
which is an empirical value based on similar 
projects. 
 
Quantities of work for Kiriketi PSPP I  
 
Upper Dam  
 

(1) Structural Design [3] 

Concrete gravity type dam was adopted be-
cause (i) of the possibility of using the sound 
rock for the dam foundation, (ii) the river span 
is narrow, (iii) convenience is allowing to 
overflow during flood periods, (iv) conven-
ience in the transportation of concrete. Dam 
dimensions are Crest Elevation: 1729 m, Crest 
Length: 300 m, Dam Height (Hd): 84 m.  
Data such as Creager’s curve should be used 
to calculate the design flood discharge, if 
available. In case such data is not available, it 
is estimated by using annual rainfall, and the 
following simplified formula should be used 
as reference. 

 105.0 





A

f

Aaq

AqQ
 

where, Qf : Design flood discharge (m3/s), q: 
Specific discharge (m3/s/km2), a: Region coef-
ficient = 100 (For Haputale area), A: Catch-
ment area (km2) : 0.4 km2 
Therefore, 

                               m3/s 

 
(2) Quantity of work [1] 
Excavation volume and volume of the dam 
were obtained by the following equations. 
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Ve = 10.0×Hd×L 
In the case :  

32
10100 LH d
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Wg = 0.13×Qf 

 
where, B: River bed width (m) : 100 m, L: Crest 
length (m) : 300 m, Qf : Design flood discharge: 
38 m3/s, Hd: Dam height (m) 
Therefore,     
Ve = 10.0×84×300 ≈  252,000 m3 
Vc = 0.27×(84 2×300) ≈ 571,550 m3 
Wg = 0.13×38 ≈ 5 ton 
Cost of other items of civil works such as 
grouting and coffering, not included in the 
main items above, were estimated to be 20% of 
the main items. 
 
Lower Dam 
 

(1) Structural Design [3] 
A concrete gravity type dam was adopted for 
the same reason as for the upper dam. Dam 
specifications are Crest Elevation: 944 m, Crest 
Length: 230 m, Dam Height (Hd): 74 m. 
Data such as Creager’s curve should be used 
to calculate the design flood discharge if avail-
able. In case such data is not available, it is 
generally estimated by using annual rainfall, 
and the following simplified formula should 
be used as reference. [1] 

 1A

f

0.05

Aaq

AqQ






 

 
where, A  : Catchment area (km2) : 14.1 km2 
Therefore, 

                                   m3/s 

 
(2) Quantity of work [1] 
Excavation volume and volume of dam was 
obtained by the following equations. 
 
Ve = 10.0×Hd×L 
 

In the case: 32
d 10100LH   

)1.0/()
2
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LBLdHcV

LBLdHcV

LBLdHcV

LBLdHcV

LBLdHcV

 

Wg = 0.13×Qf 
 
where, B: River bed width (m) : 100 m, L: Crest 
length (m) : 230 m, Qf: Design flood discharge : 
1016 m3/s, Hd: Dam height (m) 
Therefore, 
Ve = 10.0×74×230 ≈  170,200 m3 
Vc = 0.30×(74 2×230) ≈ 378,000 m3 
Wg = 0.13×1016 ≈ 132 ton 
Costs of other items of civil works such as 
grouting and coffering not included in the 
main items above, were estimated to be 20% of 
the main items. 
 
Intake 
 
(1) Structural Design [3] 
A pressure type is adopted. The inner diame-
ter of waterway is obtained from    Figure 2 by 
using the maximum plant discharge. 
Inner Diameter: 5.4 m 
where, Maximum plant discharge: 78 m3/s 
 
Figure 2 - Inner Diameter of Waterway [1] 

 

 
 

(2) Quantity of work [1] 
The excavation volume, concrete volume, 
weights of reinforcement bars, gate and screen 
were calculated by the following equations. 
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where, ha: Available drawdown (m) : 56 m, Q: 
Maximum plant discharge: 78 m3/s, D: Inner 
diameter of waterway : 5.4 m, n: Number of 
waterway channels : 1 
 
Therefore, 
Ve = 130×(((56+5.4)×78)1/2×11/3)1.27 = 28,250 m3 
Vc = 56.5×(((56+5.4)×78)1/2×11/3)1.23 = 10,400 m3 
Wr = 0.04×10,400 = 416 ton 
Wg = 0.9×(56×5.4)1/9×78 = 132 ton 
Ws = 0.5×(56×5.4)1/9×78 = 74 ton 
  
Headrace 
 
According to the terrain, the longitudinal 
alignment of water way goes down immedi-
ately after the intake. Therefore the penstock 
tunnel comes directly from the intake without 
a headrace tunnel. 
 
Penstock 

(1) Structural Design [1] 
A circular fully steel lined pressure tunnel is 
adopted. The inner diameter of penstock is 
calculated assuming that a flow velocity in the 
penstock is 10 m/s. 
 
Diameter: (4×Qmax/10π)0.5 = (4×127/10π)0.5 = 
3.15 m 
 

(2) Quantity of work [1] 
For embedded type of penstock, excavation 
volume and concrete volume are obtained by 
the following equation, assuming constant 
thickness of backfill concrete of 60 cm. 
 

   
 

 
             

 

   
 

 
            

      

 
where, 
Dm : Average inner diameter of steel pipe (m) 
= 3.15 m 
t : Thickness of backfill concrete (m) = 0.6 m 
L : Total length of penstock (m) :1200 m 
Therefore 
Ve = π/4×(3.15+2×0.6)2×1200 = 17,825 m3 
Vc = π/4×((3.15+2×0.6)2- 3.152)×1200 = 8,480m3 

 
Cost of other items of works such as grouting, 
audit, etc. not included in the main items 
stated above were estimated at 15% of the cost 
of the main items. The weight of the steel con-
duit was obtained by the following equations 
for embedded type in tunnel. 

                       

                
where, Wp: Weight of steel conduit (ton), tm : 
Average thickness of steel conduit (mm), H: 

Design head (m) (high water level－tail water 
level) = 754 m 
Therefore, 
Wp = 7.85×π×3.15×0.066×1.1×1200 = 6,765 ton 
tm = 0.027×754×3.15 + 2 = 66 mm 
 

Underground Powerhouse [1] 
 
(1) Structural Design 
Underground type is adopted for Powerhouse. 
 
(2) Quantity of work 
The excavation volume, concrete volume, and 
the weight of reinforcement bars were ob-
tained by the following equations. 
Ve = 27 × A + 1.3 × A × d 
Vc = 15 × A 
Wr = 0.6 × A 
Provided that, 
A = 20 × Q 1/2 × He 1/3 = 20×78 1/2×754 1/3 = 
1,607m2 
where, Q : Maximum plant discharge (m3/s) = 
78m3/s, He: Effective head (m) = 754m, A: 
Area of powerhouse (m2) = 1,607m2, d: Height 
of powerhouse (m) = 40m 
Therefore, 
Ve = 27 × 1,607 + 1.3 × 1,607 × 40 = 127,000 m3 
Vc = 15 × 1,607 = 24,115 m3 
Wr = 0.6 × 1,607 = 965 ton 
The cost of the powerhouse building and the 
transformer chamber were included in 50% of 
“Others”. 
 

Tailrace Tunnel [1] 
 

 (1) Structural Design 
A circular fully lined pressure tunnel was 
adopted. 
Diameter of tunnel is calculated assuming that 
a flow velocity in the tunnel is 6.0 m/s. 
Diameter:(4×Qmax/6.0π)0.5=(4×78/6.0π)0.5 =4 m 
 
(2) Quantity of work 
The excavation volume of the pressure tunnel, 
concrete volume, and weight of reinforcement 
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bars were calculated by the following equa-
tions. 
 
             

      
              

           
           
 
where, R: Tunnel radius (m) = 2.0 m, t0: Lining 
concrete thickness (m) = 45 cm, L: Total length 
of waterway channels (m) = 270 m, n: Number 
of waterway channels = 1 
 
Therefore, 
Ve = 3.2 × (2.0+0.45)2 × 270 × 1≈5,190 m3 
Vc=(3.2 × (2.0+0.45)2 –π×2.02)× 270×1≈1,800 m3 
Wr = 0.04 ×1,800≈72 ton 
Cost of other items of works such as grouting, 
adit, etc. not included in the main items stated 
above were estimated at 15% of the cost of the 
main items. 

 
Figure 3 - Relationship between Inner Di-

ameter of Tunnel and Lining Concrete 
Thickness [1] 

 
 

 
Tailrace Surge Tank [1] 
 
 (1) Structural Design 
The surge tank will be provided to protect the 
tailrace tunnel against the pressure of water 
hammer. 
(2) Quantity of work 

The excavation volume, concrete volume, and 
the weight of reinforcement bars were calcu-
lated in accordance with the following equa-
tions. 

              
 

     

              
 

     
           
 
where, 
q: Design discharge (m3/s) = 78 m3/s 
L: Total length of waterway (m) = 270 m 
ha: Available drawdown of regulating pond or 
reservoir (m) = 56 m 
n: Number of waterway channels = 1 
Therefore, 
Ve = 38× 78 × (56+270)1/4× 1 = 12,600 m3 
Vc = 11× 78 × (56+270)1/4× 1 = 3,650 m3 
Wr = 0.05 ×3,650 = 182 ton 
Cost of other works such as steel lining not 
included in the main items above were esti-
mated to be 20% of the main items. 
 
Tailrace Outlet [1] 
 
 (1) Structural Design 
A pressure type was adopted similar to the 
intake. 
 
(2) Quantity of work 
During pumping operations, the tailrace outlet 
becomes an intake, and therefore, calculation 
method of the quantity of work for intake was 
adopted. 
Therefore,  
Ve = 130×(((56+5.4)×78)1/2×1 1/3)1.27 = 28,250 m3 
Vc = 56.5×(((56+5.4)×78)1/2×1 1/3)1.23 = 10,400 m3 
Wr = 0.04×6,700 = 416 ton, Wg = 0.9×(56×5.4)1/9×78 
= 132 ton, Ws = 0.5×(56×5.4)1/9×78 = 74 ton 

Cost of other items of works including coffer-
ing and trashrack, rake, etc. not included in 
the main items obtained above is estimated at 
25% of the cost of the main items. 
 
Access Tunnel to Powerhouse [1] 

 
(1) Quantity of work 
Excavation volume, concrete volume, and 
weight of reinforcement bars of the access 
tunnel were obtained using the following 
equations. The maximum gradient of the ac-
cess tunnel is l :10. 
 
Ve = 45 × L (m3) 
Vc = 10 × L (m3) 
Wr = 0.03 × Vc (ton) 
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where, T: thickness of overburden at Power-
house = 170 m, L: Length of access tunnel (m) 
= 500m 
Therefore,  
Ve = 45×500 = 22,500 m3 
Vc = 10×500 = 5,000 m3 
 Wr = 0.03×5,000 = 150 ton 
 
Cost of other items of works namely grouting, 
adit, etc. not included in the main items stated 
above, were estimated at 15% of the cost of the 
main items. 
 
Miscellaneous Works 

Cost of miscellaneous works such as the dis-
posal area and landscaping work was esti-
mated at 10% of the total cost of civil works. 
 
Economic Analysis 
 
Benefit-Cost Method (B/C Method) 
The economics of the project was analyzed on 
the basis of maximum output, electricity gen-
eration and the construction cost obtained. 
 
Methodology of Analysis 

An economic analysis of the hydro power pro-
ject was conducted to compare its benefits (B) 
and costs (C). The benefit of a hydro power 
project in Sri Lanka is the cost of an alternative 
thermal power plant that supplies electric 
power equivalent to the hydro power project. 
The cost of the project was derived in the pre-
vious sections of this paper. If the benefit cost 
ratio (B/C) is 1.0 or above, hydro power is 
economically more attractive than the alterna-
tive thermal power.  It is also possible to judge 
that a certain hydro power project is economi-
cally attractive if the B/C value is outstanding 
among a number of hydro power projects that 
are compared. Yet another method is to use 
the latter method and calculate the Economic 
Internal Rate of Return (EIRR).  
 
Selection of Alternative Thermal Power 
 

The alternative thermal power plants available 
or planned in Sri Lanka are gas turbines, coal-
fired steam, oil-fired combined cycle or diesel 
power plants. 
 

(1) Standard Thermal Power Candidate 
One method is to select the power source most 
commonly used in the generating system, 
which may be displaced by the pumped stor-
age hydropower plant. This may be defined as 
the “standard thermal power candidate”. This 

method is suitable to compare the economic 
viability of a number of hydro power sites ac-
cording to the same criteria, and this method 
is used for hydro power potential surveys, 
master plan studies, etc. For example, in the 
case of an electric power system consisting 
mainly of coal fired thermal power plants or 
new coal fired plants are scheduled to be con-
structed, coal fired plants may be selected as 
the standard thermal power candidate. 
 
(2) Alternative Thermal Power Candidate 
Equivalent to Hydropower 
The other method is to select an alternative 
thermal power candidate which is equivalent 
to the planned hydro power project, to evalu-
ate its position as the source of supply in the 
electric power system. For example, a gas tur-
bine plant is often selected as the alternate 
thermal power candidate for reservoir-type 
hydro, pondage-type hydro and pumped stor-
age-type hydropower plants that are designed 
to supply power to serve peak demands.  
 
Benefits and Costs of Conventional Hydro-
power Projects  
 
Benefit [1] 
Annual benefit (B) of a hydro power project is 
obtained in accordance with the following 
formula, based on the fixed cost (mainly the 
equipment cost) and variable cost (mainly the 
fuel cost) of the alternative thermal power se-
lected. 
        
         
        
Where, 
B: Annual benefit of hydro power plant 
(monetary unit) 
B1: Capacity benefit (monetary unit/kW) 
B2: Energy benefit (monetary unit/kWh) 
Ph: Effective output (kW), maximum output is 
used in the case of pumped storage type 
E: Annual generation (kWh) at 2190 hours op-
eration in a year (assuming 6 hours per day) 
b1: capacity value, which is the fixed cost per 
kW for alternative thermal power (monetary 
unit/kW) 
b2: energy value, which is mainly the fuel cost 
and is the variable cost per kWh for alternative 
thermal power (monetary unit/kWh) 
Outage rate is omitted. 
 
Calculation of Capacity Value (b1) and En-
ergy Value (b2) [1] 
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The capacity value and energy value were cal-
culated from the following equations for the 
selected power source. 
          

   = Heat rate (kcal/kWh)  fuel price (mone-

tary unit/kcal) 860 (kcal/kWh)/thermal effi-

ciency  Fuel price (monetary unit/kcal) 

Ct: Unit construction cost of thermal power 
(monetary unit/kW) 

 = Annuity factor 

 = capacity adjustment factor; correction fac-
tor owing to the difference in expected output 
(to account for station use, forced outage, 
scheduled outage) between hydro power and 
thermal power. 
 
The annuity factor and thermal efficiency for a 
gas turbine plant are shown Table 1. 
 

Table 1 - The Annual Factor and Thermal 

Efficiency for Gas Turbine Plant [1] 
 Gas Turbine 

Annuity Factor Approx. 18% 

Thermal Efficiency Approx. 30% 

Service life 20 years 

 
The following equation was used to calculate 
more detailed annual factor. 

Annual cost factor ( ) = Capital Recovery Fac-
tor (CRF) + (Operation & Maintenance 
cost/Total Cost) (OM: fuel cost excluded)   [1] 
                                                                               

         
       

        
      

Where, 
i: Interest rate 
n: Service life (years) (hydropower = 50 years) 
Results of the economic analysis for Kiriketi 
PSPP I are shown in Table 2. 
 
Improving the Economic Viability of Kiriketi 
sites 
 

All Kiriketi PSPPs are of pure pumped storage 
type. That means inflow to the upper pond is 
very small. The inflow to the upper pond in-
creases the economic condition of PSPP, be-
cause it reduces the pumping cost. The Belihu-
loya flows close to the upper ponds of Kiriketi 

PSPPs at higher elevations. This geographical 
situation facilitates to divert the Belihuloya to 
upper ponds of Kiriketi PSPPs which will in-
crease their economic viability. Additionally, 
by diverting Belihuloya it is possible to con-
struct a run of river type conventional hydro-
power plant, which will make Kiriketi PSPP 
sites more attractive.   
 
Conclusion 
 

According to the economic evaluation results 
Kiriketi Pumped Storage Power Plant III is the 
best site. Kiriketi PSPP II and Halgran PSPP 
have about the same B/C ratio. So both sites 
have the equal opportunity to develop the 
power plant. The economic viability of Kiriketi 
PSPPs can be increased by diverting Belihu-
loya to their upper pond via a run-of-river 
type conventional hydropower plant. 
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Table 2 – Summary of Economic Evaluation

 
 

Table 3 - Calculation of Construction Cost (Civil Cost) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 4 - Calculation of Construction Cost (Hydro Mechanical Equipment Cost) 

Item Cost 

1. Upper Dam and spillway gate  49,500 

2. Lower Dam and spillway gate  1,306,800 

3. Intake   

     Gate 1,095,600  

     Screen 318,200  

4. Penstock (steel pipe) 31,795,500  

5. Tailrace outlet   

     Gate 1,095,600  

     Screen 318,200  

6. Others 7,195,880  

Total 43,175,280  

 
Table 5 - Construction Cost Summary 

Item Cost (USD) Note 

1. Preparation and Land acquisition     
 (1) Access road 20,992,463  (3 Civil work) × 0.05 
 (2) Camp & Facilities 8,396,985  (3 Civil work) × 0.02 

2. Environmental mitigation cost  12,595,478  (3 Civil work) × 0.03 

3. Civil Work                    419,849,253 
 

4. Hydraulic equipment 43,175,280  Gate, Screen, Steel Penstock, etc 

5. Electro-mechanical equipment 117,000,000  
Turbine and Generator, Transformer, 
Switchyard, etc 

Direct cost 622,009,458  
 

6. Administration and Engineering service 93,301,419  (Direct cost) × 0.15 

7. Contingency 124,401,892  (Direct cost) × 0.2 

8. Interest during construction 100,765,532  
 

Indirect Cost 318,468,842  
 
 

Total cost 940,478,300  
 

Installed Capacity        500,000 (kW) 
 

Project Cost per kW       1,881 (USD/kW) 
 

 
Kiriketi  
PSPP I 

Kiriketi  
PSPP II 

Kiriketi  
PSPP III 

Halgran  
PSPP 

Construction Cost (Civil) (USD) 419,849,253 205,890,701 110,323,887 185,439,224 

Construction Cost (Hydro-
Mechanical Equipment Cost)(USD) 

43,175,280 43,366,920 43,869,960 47,546,400 

Construction Cost (Electro-
Mechanical Equipment Cost)(USD) 

117,000,000 117,000,000 117,000,000 117,000,000 

Project Cost per kW (USD/kW) 1,881 1,170 837 1,114 

EIRR (%) 27.46 42.24 47.36 43.98 

Benefit/Cost 1.71 2.06 2.15 2.09 

Item Cost 

(1) Upper dam      185,917,593 

(2) Lower dam      123,051,474 
(3) Intake        4,732,859 

(4) Penstock        4,948,594 

(5) Powerhouse      49,029,652 

(6) Tailrace       1,305,081 

(7) Surge Tank (Tailrace)         3,429,777 

(8) Outlet         4,732,859 

(9) Access tunnel to powerhouse         4,533,248 

(10) Miscellaneous 38,168,114  

Total 419,849,253  
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Table 6 - Calculation of Economic Evaluation Indices (Base Case) 

 (Unit: US$  1,000,000) 

       Cost   Benefit 

Year 
in 

  Year Construction Operation     
 

Construction Operation     Net benefit 

order     & & Pumping Total 
 

& & Fuel Cost Total   
      Replacement Maintenance       Replacement Maintenance       

1   2015 58.00      58.00  
 

  
 

  0.00  (58.00) 

2   2016 116.00      116.00  
 

  
 

  0.00  (116.00) 

3   2017 174.01      174.01  
 

  
 

  0.00  (174.01) 

4   2018 174.01      174.01  
 

130.24  
 

  130.24  (43.77) 

5   2019 58.00      58.00  
 

181.20  
 

  181.20  123.20  

6 1 2020   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

7 2 2021   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

8 3 2022   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

9 4 2023   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

10 5 2024   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

11 6 2025   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

12 7 2026   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

13 8 2027   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

14 9 2028   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

15 10 2029   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

16 11 2030   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

17 12 2031   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

18 13 2032   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

19 14 2033   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

20 15 2034   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

21 16 2035   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

22 17 2036   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

23 18 2037   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

24 19 2038   17.40  100.39  117.79  
 

130.24  3.59  280.62  414.46  296.67  

25 20 2039   17.40  100.39  117.79  
 

181.20  3.59  280.62  465.42  347.63  

26 21 2040   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

27 22 2041   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  
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28 23 2042   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

29 24 2043   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

30 25 2044   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

31 26 2045   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

32 27 2046   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

33 28 2047   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

34 29 2048   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

35 30 2049   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

36 31 2050 20.34  17.40  100.39  138.12  
 

  3.59  280.62  284.22  146.09  

37 32 2051 16.02  17.40  100.39  133.81  
 

  3.59  280.62  284.22  150.41  

38 33 2052 69.29  17.40  100.39  187.08  
 

  3.59  280.62  284.22  97.14  

39 34 2053 38.51  17.40  100.39  156.30  
 

  3.59  280.62  284.22  127.92  

40 35 2054 16.02  17.40  100.39  133.81  
 

  3.59  280.62  284.22  150.41  

41 36 2055   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

42 37 2056   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

43 38 2057   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

44 39 2058   17.40  100.39  117.79  
 

130.24  3.59  280.62  414.46  296.67  

45 40 2059   17.40  100.39  117.79  
 

181.20  3.59  280.62  465.42  347.63  

46 41 2060   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

47 42 2061   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

48 43 2062   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

49 44 2063   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

50 45 2064   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

51 46 2065   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

52 47 2066   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

53 48 2067   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

54 49 2068   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

55 50 2069   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

56 51 2070   17.40  100.39  117.79  
 

  3.59  280.62  284.22  166.43  

Total   740.20  887.44  5,119.74  6,747.38    934.32  183.26  14,311.82  15,429.40  8,682.03  

Internal rate of return (EIRR): 
        

27.46% 

B/C ratio at a discount rate of 10% 
     

1.71 
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Introduction 

With the fast depletion of non-renewable en-
ergy sources and high prices, investigation of 
all possible alternative energy sources espe-
cially renewable energy such as solar, bio-
mass, and wind has been increased. In most 
developing countries biomass waste is abun-
dant source of energy, which can be utilized to 
generate energy and to produce manure for 
agriculture as a by product. 
 
Biogas is generated by anaerobic digestion of 
organic matter. It is composed of methane and 
carbon dioxide (Goswami, n.d.). Organic mat-
ter refers to agricultural residues, manure, and 
garbage and sewage waste. They originate 
from wide variety of sources spread through-
out the world. Since they can be derived from 
relatively recently living material than fossil 
fuel, they are sustainable. 
   
Great potential exists in the Sri Lanka for bio-
gas generation and it is one of the sustainable 
solutions for the waste disposal problem in the 
country, for rural development of the country 
and reduction fossil fuel imports. 
   
Early biogas digesters introduced were con-
tinuous flow type digesters. Continuous flow 
biogas reactors require regular water supply 
and is preferred for animal and human wastes. 
Considering these facts a new biogas digester 
was developed by National Engineering Re-
search and Development Centre of Sri Lanka 
which is called ‘Dry Batch Reactor’ (DBR). The 
preferred feed stock for Dry Batch biogas di-
gesters are straw and animal waste. The mois-
ture content of the input material should be 
more than 85% while for the continuous type 
digester the solid content should be 9 to 10% 
(SLSI, 2006). Disadvantages of the dry batch 
system are difficulty in loading and unloading 
, the presence of bio sludge in larger digesters, 

unstable gas generation rate and the long op-
erating periods. Several parameters affect the 
optimum performance of plug flow type bio-
gas plants. However, well established infor-
mation is not available for optimum operation 
of these types of biogas plants; hence the use 
of plug flow type has been neglected com-
pared to other types.  
 
Chanakya, et al. (2004) mentioned the failures 
in converting other types of biomass into ma-
nure like slurries for biogas production. This 
reason has led them to introduce two designs 
for the successful use of other types of biomass 
for biogas production. They are plug flow di-
gesters and solid state stratified bed digesters 
(Chanakya, et al., 2004). 
 
The plug flow type digester has been used to 
deal with wastes like green leaves and other 
floating type vegetations which are not gener-
ally fed to the other continuous type or batch 
type digesters. Plug flow reactor is capable of 
transforming more organic solid waste into 
biogas. They are capable of converting feed 
stocks with Total Solids content of 11-14 % 
(Natural resources conservation service, 2004). 
There is no longitudinal mixing in ideal plug 
flow digesters. When the new manure is 
added the previous feed stocks move in plugs 
towards the outlet. Operation of plug flow 
digesters has rather complex behaviour than 
described above. Some of feed stock will travel 
faster than the others, and some will settle in 
the digester (Graves, et al., n.d.). There are a 
number of installations of plug flow reactors 
in the country with some having two phase 
installation design and others using effluent 
recirculation method. Therefore establishing 
the parameters which affect the optimum bio-
gas production in plug flow type biogas di-
gester is important for optimum utilization of 
feed stock resources and of the biogas pro-
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duced. This will guide the path to sustainable 
use of bio energy. 
 
Experimental Setup 

Plastic barrels commonly available in the local 
market were used for the fabrication of the 
digester. Diameter of these barrels is 0.47m 
which facilitates mounting and space re-
quirement to keep the unit.   Three barrels 
were fixed together considering the structural 
stability and the feasibility in supporting. The 
length of the digester was 1.58m. The length to 
width ratio was closer to 3.5:1. This satisfies 
the length to width ratio defined for manure 
based on the plug flow digesters (Natural re-
sources conservation service, 2004).  

 
Hence the dimensions and volume of the di-
gester are: 
 
The diameter of the digester = 0.47 m 
Length of the digester           =1.58 m 
The digester volume  ≈ 0.27 m3 
Working volume  ≈ 0.188 m3 
 
The inlet of the digester was fabricated with a 
PVC pipe of diameter 11cm. The digester had 
three windows to observe the inside flow of 
digestion medium. Three sampling ports were 
placed in order to facilitate sample the with-
drawal. 

 

 

 

Figure 1 - Diagram of the Digester 

 

 

 

  

 

 

 

The gas holder was fabricated with another 
two plastic barrels both of which have one end 
opened. One barrel was filled with water and 
the other has an inlet and an outlet dipped in 
the water. Two plastic tubes of diameter 12.74 
mm are used for inlet and outlet.  The gas 
produced in the digester flows to the holder 
and lifts it up. The produced gas amount can 

be estimated by the diameter of the barrel and 
the height of the holder that lifts up. The 
schematic diagram of the digester is shown in 
Figure 1. 
 
Two digesters of the same dimensions were 
fabricated in order to carry out two parallel 
tests with two loading rates simultaneously.  

Gas Collecting Holder

Gas Outlet

Outlet

Inlet

01 02 03

Sampling Ports
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Figure 2- Digester 1 

 

 

 

Figure 3 - Digester 2 

 

 

Figure 4 - Inlet of the Digester 

 

 

 

Figure 5 - Gas Holder 
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Initial preparation 

Anand et al. (1998) in his research used leaf 
biomass 50kg/day for 5m3 digester initially 
and then increased to 100kg/day. The digester 
50m3 for market garbage treatment designed 
by Sustainable Energy Authority which was 
intended to feed 1,000kg/day was able to treat 
500kg/day at operating conditions. The plug 
flow digesters developed by the NERDC of Sri 
Lanka has the capacity to treat 10kg/day for 
one cubic meter total volume of the digester. 
  
Daily feed stock allowed for the total volume 
of digester is taken as 10 kg per day per m3 
total digester volume. 
The digester volume  = 0.27 m3 
Therefore daily feed stock = 10 x 0.27  
   = 2.7 kg per day 
   ≈ 3.0 kg per day 
Therefore, feed rate of 3kg was selected as first 
feed rate. Other feed rates selected were 0.7kg, 
1.4kg and 6kg. 
 
Operating time   = 20 days 
 

For the bacteria culture to grow initial prepa-
ration of the digester should be carefully done. 
This was done by feeding cow dung for seven 
days. The feeding rate of food waste was in-
creased in steps in order to achieve the ex-
pected feeding rate and to avoid the acidifica-
tion. The feed stocks were ground into smaller 
sizes using a domestic grinder to reduce the 
particle size. Calcium carbonate was used for 
the pH adjustment. Temperature variation 
during day time was between     28oC-31oC. 
 
Composition of feed stocks for 0.7 kg per day 
in digester no 02: 
Food waste & other  350g 
Vegetables residue  450g 
Composition of feed stocks for 1.4 kg per day 
in digester no 01: 
Food waste   450g 
Vegetables residue  900g 
Fruit waste                       50g 
Composition of feed stocks for 3kg per day in 
digester no 01: 

Food waste   450g 
Vegetables residue  900g 
Fruit waste                       50g 
Water   1600g 
Composition of feed stocks for 6kg per day in 
digester no 02: 
Food waste   900g 
Vegetables residue 1800g 
Fruit waste   100g 
Water   3200g 
 

Table 1 - Feedstock Characteristics 

 

Table 2 - Feeding Plan 

 
 

 Analytical procedure 

The experiments were conducted during 

steady period of operation. Feed stocks were 

analysed for, TS content and VS content. The 

material discharged from the outlet was in 

liquid form. Effluent was analysed for COD, 

TS, VS content. Material obtained from three 

sample ports along the digester length was 

tested for VFA content and pH. Daily pro-

duced gas quantity was measured from the 

height of the gas holder that floats up. The gas 

composition was analysed daily. 

 

 

 
Digester 
01-0.7 kg 
per day 

Digester 
01-1.4 kg 
per day 

Digester 
01- 3kg 
per day 

Digester 
02 – 6kg 
per day 

Average 
T S Con-
tent (%) 

21.9 16.1 5.7 5.7 

Average 
V S Con-
tent (% 
VS) 

91.9 93.3 92.3 92.3 

Digester 
No. 

Loading 
Rate 

(kg/day) 

Organic 
Loading 

Rate(kgVS/

m3day) 

Operating 
Time (days) 

02 0.7 0.75 20 

01 1.4 1.12 20 

01 3.0 0.83 20 

02 6.0 1.67 20 
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Results 

Figure 6 - Daily Average Biogas Production 

 

For the 6kg per day and 1.4kg per day higher 
biogas volume was generated. During the 
steady state experiments done at 3kg per day 
leakages occurred in the gas holder, therefore 

the generated biogas volume is lower than 
that for the other three feeding rates.  
 

 

Figure 7 - Composition Variation of Biogas for Feed at 3kg/day and 1.4kg/day Feed Rates in 

Digestor 1 
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Figure 8 - Composition Variation of Biogas at Feed Rate 0.7 kg/day and 6kg/day in Digester 2 
 

 
 

Figure 9 - pH Variation Feed Rate of 0.7kg/day 

 

 
 

 

0 

10 

20 

30 

40 

50 

60 

70 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

V
o

lu
m

e
 %

 

Day No 

Feed rate of 0.7kg per day CH4 (% Volume) Feed rate of 0.7kg per day CO2 (% Volume) 

Feed rate of 6 kg per day CH4 (% Volume) Feed rate of 6 kg per day CO2 (% Volume) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

p
H

 

Day No 

pH Variation for feed rate of 0.7kg/day  pH 1  pH Variation for feed rate of 0.7kg/day  pH 2 

pH Variation for feed rate of 0.7kg/day  pH 3 pH Variation for feed rate of 0.7kg/day  pH out 



SLEMA Journal, Vol 15, Nos. 1 and 2, September 2012 

Page 23 

 

Figure 10- pH Variation for Feed Rate of 1.4kg/day 

 

 
 

 

Figure 11- pH Variation Feed Rate of 3kg/day 
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Figure 12 - pH Variation for Feed Rate of 6 kg/day 
 

 
 
 

 

Figure 13 - VFA Variation along the Digester Length for Feed Rate of 0.7 kg/day in Digester 1 
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Figure 14 - VFA Variation along the Digester Length for Feeding Rate of 3kg per day in Digester 1 

 

 

Figure 15 - VFA Variation along the Digester Length for Feed Rate of 6kg/day in Digester 2  
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Figure 16 - COD Variation of Effluent for Different Feed Rates 

 

 

Table 3 - Process Performance 

 

Feed Rate 
(kg/day) 

Average Vola-
tile Solids 
Reduction (%) 

Average Spe-
cific Methane 
Production 
(m3/kgVS per 
day) 

0.7 93.48 0.320 

1.4 91.37 0.341 

3.0 89.36 0.120 

6.0 85.92 0.219 

 

The highest average specific methane produc-
tion was 0.341m3/kgVS per day at OLR of 
1.12kgVS/m3 per day.  The average specific 
methane production is 0.120 m3/kg VS per 
day for OLR of 0.83 kgVS/m3day. For OLR of 
1.67kgVS/m3day average specific methane 
production is 0.219 m3/kgVS per day. Rela-
tively low biogas yield for feed rate of 3kg per 
day is due to intermittent leakages occurred 
during the steady state operating period. In-
termittent leakages restrict the successful 
growth of methanogenisis bacteria culture. 
Low average specific methane production at 
feed rate of 6kg per day is due to the insuffi-
cient HRT for the larger quantity of feedstock 
to be digested inside the digester and due to 
the high VFA concentration produced at 
higher feed rate.  
 

OLR of 0.75 kgVS/m3day showed the highest 
average volatile solids reduction of 93.48%. 

OLR of 1.67 kgVS/m3day showed the lowest 
average volatile solids reduction of 85.92%. 
 
Highest average gas production was observed 
for the highest OLR, which is also the highest 
feeding rate. Low average specific methane 
production and methane content in biogas was 
observed at the highest feeding rate. Insuffi-
cient retention time and high VFA concentra-
tion due to high organic load reduces methane 
production which results in low specific meth-
ane production and low methane content in 
biogas.   Highest average specific methane 
production was observed for intermediate 
OLR which is a lower feed rate with high TS 
content. When the OLR is increased total feed 
rate is reduced by increasing TS content. At 
this condition the process is more stable and 
the hydraulic retention time increases due to 
lower feeding rate. High COD concentration 
in the effluent is also an indication of the in-
sufficient retention time. 
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Table 4 - Comparison between Similar Studies done in Plug Flow Digesters 

Waste type 
Specific Methane Yield 

(m3/kgVS) 
Conditions Reference 

Food Waste 

0.320 
0.75 kgVS/m3day 
Temperature :28-31oC 

Present Study 

0.120 
0.83 kgVS/m3day 
Temperature :28-31oC 

0.341 
1.12 kgVS/m3day 
Temperature :28-31oC 

0.219 
1.67 kgVS/m3day 
Temperature :28-31oC 

Used cooking 
grease with 
swine manure 

0.310 
Cooking grease 2.5%, 
Temperature: 22-26oC 

(Botero, et al., 2010) 

Food waste, 
Anaerobic 
sludge, 
Digestate, Cow 
dung 
 

0.278 
Organic loading rate 
2.5 kgVS/m3day 
Temperature: 55oC 

(Chaudhry ,2008) 
 0.2259 

3.3 kgVS/m3day 
Temperature: 55oC 

0.146 
3.9 kgVS/m3day 
Temperature: 55oC 

Cassava peel 
 

0.377 
3.6kgVS/m3day 
Temperature :35-39°C 

(Cuzin, et al.,1992) 

 

Cuzin, et al. (1992) reported specific methane 
production of 0.377 m3/kgVS for Cassava peel 
fermentation in a plug flow digester. 
Chaudhry (2008) reported 0.278, 0.2259 and 
0.146 m3/kg VS production for municipal sol-
id waste for OLR of 2.5, 3.3 and                  3.9 
kgVS /m3day respectively.  
 
VFA concentration along the length of the di-
gester shows a large reduction from inlet to 
the middle span. This is more prominent for 
feed rates other than lowest feed rate and, at 
the highest feed rate large fluctuations of VFA 
was observed for samples taken near the inlet 
and middle of the digester. Lengthwise VFA 
variation is an indicator of the biogas produc-
tion stages along the length of the digester. 
VFA results show that acidogenisis phase near 
the inlet and mathanogenisis phase near the 
outlet. High VFA concentration is a reason for 
low methane content in the biogas. 
Cuzin, et al. (1992) reported acetate accumula-
tion of 10g/l in the feeding box at pH of 5 as a 
result of acidification due to higher loading 
rates. At this condition they observed 20% less 
biogas production than normal biogas produc-
tion. 

VFA concentration exceeded the inhibitory 
limits mentioned in the literature. This did not 
cause full process destruction but resulted in 

low methane content in the biogas. Distribu-
tion of biogas production stages along the 
length of the digester reduces negative effect 
of high VFA concentrations at higher loading 
rates. 
 
Highest average VS reduction was observed 
for the lowest total feed rate with high TS con-
tent. Lowest average VS reduction was ob-
served at highest OLR which is the highest 
total feed rate. 
 
High COD concentrations were observed in 
the effluent. This is due to insufficient HRT. 
 
Conclusion 

 

Highest specific methane production and high 
methane content in biogas was observed at    
1.4 kg per day which has high TS contents. 
Although the total feed rate was low, OLR was 
a middle value at the highest specific methane 
production. This is due to high TS content of 
the feed at this feed rate.  Highest VS reduc-
tion was observed at the lowest feed rate with 
high TS content which is 0.7 kg per day. Insuf-
ficient HRT and high VFA content are reasons 
for lower specific methane production at the 
highest feed rate. The VS reduction was also 
the lowest for the highest feed rate. 
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At 1.4kg per day OLR is an intermediate value 
while at 0.7 kg per day OLR is lowest. These 
low feed rates which have high total solids 
content showed more stable operation and 
high specific methane production. Increment 
in HRT at lower feed rate increases specific 
methane production. Further studies should 
be conducted to study the effect of TS content 
in the feedstock. 
 
Although the VFA concentration near the inlet 
was much higher than the inhibitory levels it 
did not lead to full process destruction. The 
VFA variation along the digester shows the 
variation of acidogenisis to methanogenisis 
stages along the digester length which is more 
prominent at intermediate feed rates. At high-
er feed rates high VFA concentrations were 
observed along the digester length with large 
fluctuations in VFA content. Higher VFA con-
tent and VFA fluctuations lead to process in-
stability. Co digestion of food waste with cat-
tle dung, sewage waste or other suitable 
sources help to control the high VFA concen-
trations. 
 
High COD content in the effluent is an indica-
tor of the presence of undigested organic ma-
terial in the effluent. The COD levels observed 
in the effluent for all feed rates are much high-
er than recommended levels for discharging 
effluent. This COD content can be treated in a 
second digester or the length of the digester 
has to be increased to convert COD in the ef-
fluent to biogas. Other reason for lower gas 
quality is the high VFA production in the di-
gester.  
 

Further studies should be conducted to study 
the effect of TS content in the feedstock for 
biogas production. Future studies should be 
focused on importance of flow induced by the 
effect of pressure inside the plug flow digester 
on biogas production and its composition. 
 
Effluent nutrient content should be tested to 
be used it as an organic fertilizer. This source 
supplies high quality fertilizer which increases 
resistance of the plants to diseases and in-
crease the richness of soil. 
 
GHG potential of methane in the biogas is 20% 
(Wightman, 2005) higher than carbon dioxide. 

Therefore it should be carefully trapped and 
used to avoid leakages. 
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Abstract 

The site referred to as the Kiriketi oya has three 

options to develop a 500MW Pumped Storage 

Power Plant (PSPP). Since all the optional sites are 

located in the same area, the interconnection study 

can be considered common for all the three op-

tions. This interconnection study is done to con-

nect only one 500MW PSPP which will consist of 

four 125MW machines. The planning criteria of 

Ceylon Electricity Board (CEB) have been fol-

lowed. The study shows that the 500MW Kiriketi 

PSPP should be directly connected to the 220kV 

Kotmale power station (PS) bus bar using a 30km 

long 220kV double circuit of 2xZebra transmission 

line. 

Introduction 
 
The location of the prospective Kiriketi Pump 
Storage Power Plants (PSPP) is on the Kiriketi Oya, 
north of the Samanalawewa Reservoir in Haputale, 
in the Central Province of Sri Lanka. Haputale is 
about 190 km from the capital, Colombo. 
 
There are a few 132/33kV Grid Substations (GSs) 
situated in close proximity to the power plant site, 
such as the Nuwara Eliya GS and the Balangoda 
GS. Since the proposed capacity of Kiriketi PSPP is 
500MW (125MWx4) it should be connected to a 
220kV network or higher voltage. The nearest 
220kV point is Upper Kotmale PS, but the capacity 
of Upper Kotmale PS-Kotmale PS 220kV transmis-
sion line (2cct. 18.5km, Zebra) is not adequate to 
serve an additional 500 MW from Keriketi. So the 
Kiriketi PSPP should be directly connected to the 
Kotmale power station bus bar using 220kV 
transmission line (2cct, 30km, and 2xZebra). 
 
This paper has focused not only the Kiriketi PSPP 
interconnection but also the scheduling of genera-
tion which can optimize hydropower generation, 
while reducing thermal generation. In that sce-
nario, thermal power plants located in Colombo 

area are basically used for reactive power supply 
which does not consume much fuel. System stud-
ies were conducted under four scenarios of 
HMDP-Hydro Maximum Day Peak, TMDP-
Thermal Maximum Day Peak, HMNP-Hydro 
Maximum Night Peak, TMDP-Thermal Maximum 
Night Peak. 
 
The studies were conducted according to the 

transmission planning criteria of the Ceylon Elec-

tricity Board (CEB). The planning criteria are to 

ensure quality and reliability of supply under 

normal operating conditions as well as under con-

tingencies. 

Planning criteria’ 

1. Voltage Criteria 

The voltage criterion defines the permitted voltage 
deviation at any live bus bar of the network under 
normal and contingency operating conditions, as 
given in Table 1. 

 
Table 1 - Allowable Voltage Variations 

2.  Thermal Criteria  

The design thermal criterion limits the loading of 
any transmission network element, to avoid over-
heating owing to excessive current flow. 
 
The loading of elements should not exceed their 
rated thermal loading values for steady state con-
ditions. 

Bus Bar Volt-
age 

Allowable Voltage Variation 
(%) 

Normal op-
erating con-

dition 

Single contin-
gency condition 

220 kV 5% -10% to +5% 

132kV 
 
 

10% 
 

10% 
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3. Security Criteria  

The performance of the transmission system under 
a contingency situation is taken into consideration 
in the security criteria. The adopted contingency 
level for the planning purposes is N-1, i.e. outage 
of any one element of the transmission system at a 
time. 
 
After the outage of any one element (i.e. any one 
circuit of a transmission line or a transformer and 
without any adjustment or corrective measure), the 
system should be able to meet the distribution de-
mand while maintaining the bus bar voltage levels.  
Loading of all the remaining elements should not 
exceed their emergency ratings specified. 
After system readjustment following a disturbance 
described above, the voltage and loading of ele-
ments should return to their corresponding normal 
limits. 
 
4. Stability Criteria 

 
Stability criteria should ensure system stability 
during and after a system disturbance. 
With all the equipment in service, the system 
should remain stable in case of:  

 A three phase fault 

 Loss of any one generation unit 

 Load rejection by loss of any transformer 

 A three-phase fault at any one overhead line 
terminal will be cleared by the primary protec-
tion with successful and unsuccessful auto re-
closing. 
 

5.  Short Circuit Criteria  

 
The short circuit criteria limits the maximum three 
phase circuit currents at the 132kV, 33kV and 11kV 
busbars of any grid substation (see Table 2 ), to 
protect the transmission and distribution network 
elements downstream. 
 
Table 2 - Allowable Maximum 3 Phase Short  
Circuit Levels 

Bus bar 
Voltage 

System 
Maximum 3-Phase 

Fault Level (kA) 

132kV and 
above 

Overhead 40.0 

UG cable 40.0 

33kV  
 

Overhead 13.1 

UG cable 16.0 

11kV  UG cable 20.0 

6. Generation Dispatch 

The transmission network should allow generation 
scheduling in merit order and should not require 
regular operation of out-of-merit generation to 
prevent an unacceptable voltage profile or loading 
condition in the event of an outage of any trans-
mission circuit. 
 
Transmission System Studies for Kiriketi PSPP-  
4 x 125 MW in Year 2015 
 
HMDP Case 
In normal operating conditions, no voltage viola-
tions were observed. However, Polpitiya-
Sithawaka and Sithawaka-Athurugiriya 132kV 
transmission lines were loaded by 186% and 149% 
respectively. In present network Kosgama Grid 
Substation (GS) and Sithawaka GS are fed by both 
Polpitiya and Kolonnawa GSs. The above loading 
can be solved by changing the present line ar-
rangement of Kolonnawa-Kosgama, Kolonnawa-
Sithawaka, Sithawaka-Polpitiya and Polpitiya-
Kosgama 132kV transmission lines, in such a way 
that Kosgama GS connect only to Kolonnawa GS 
by double circuit and Sithawaka GS connect only 
to Polpitiya GS by a double circuit. 
 
Under single contingency operating conditions, no 
voltage violations were observed but there were a 
few thermal violations. In the outage of one three-
winding transformer at Kotugada, the 33kV wind-
ing of the remaining three-winding transformer is 
loaded by 132%. This problem can be mitigated by 
constructing a new Kotugoda GS. In the outage of 
one three winding transformer at Biyagama, the 
33kV winding of the remaining three winding 
transformer is loaded by 135%. This problem can 
be mitigated by installing a 60MVAr Breaker 
Switch Capacitor (BCS) define at Biyagama 33kV 
bas bar. In the outage of one New Chilaw- 
Madampe circuit (cct), the remaining cct is loaded 
by 123%. This overloading occurs owing to design 
limitation of the transmission line, i.e. the tower 
lines have been designed for 54 ºC maximum oper-
ating temperature and it reaches the maximum sag 
level under lower transmission levels. So it is pro-
posed to upgrade the New Chilaw- Madampe 
transmission line to operate at 75ºC. In the outage 
of one Pannipitiya-Kolonnawa circuit (cct), the re-
maining cct will be overloaded by 137%. An out-
age of Colombo A-Dehiwala 132kV cable results 
132% loading in the Pannipitiya.-Jayawardanapura 
ccts. Both the above overloading situations can be 
mitigated by method no 1. 
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 *Mitigation method no 1:  Pannipitiya – Kolon-
nawa 132 kV lynx line has been constructed in 
1971. Tower lines have been designed for 54 ºC 
maximum operating temperature. It is almost 40 
years old. 

 

Overloading occurs owing to the lack of genera-

tion in Colombo. Therefore, the mitigation method 

is to construct a 132kV cable between Pannipitiya 

and Kolonnawa. The other option is to implement 

operational solutions in contingencies, such as 

switching off the J’pura connection from Pan-

nipitiya-Kollonnawa line and supply J’pura GS 

from the cable only. However, in some contingen-

cies, making operational interventions will be dif-

ficult. 

 
TMDP Case 
In normal operating conditions no voltage viola-
tions are observed. However, Polpitiya-Sithawaka 
132kV transmission line is loaded by 152%. The 
mitigation method to this overloading is to change 
the present line arrangement of Kolonnawa-
Kosgama, Kolonnawa-Sithawaka, Sithawaka-
Polpitiya and Polpitiya-Kosgama 132kV transmis-
sion lines to double circuit of Kolonnawa-Kosgama 
and double circuit of Polpitiya-Sithawaka, by year 
2016. 
  
Under single contingency operating conditions, no 
voltage violations were observed but there will be 
a few thermal violations. In the outage of one three 
winding transformer at Kotugada, the 33kV wind-
ing of the remaining three winding transformer 
will be loaded by 140%. This problem can be miti-
gated by constructing the New Kotugoda GS. In 
the outage of one three winding transformer at 
Biyagama, the 33kV winding of the remaining 
three winding transformer will be loaded by 125%. 
This problem can be mitigated by installing 
60MVAr BCS at the Biyagama 33kV bas bar. In the 
outage of one New Chilaw- Madampe cct, the re-
maining cct is loaded by 123%. This overloading 
occurs owing to design limitations of the transmis-
sion line, i.e. the tower lines have designed for 54ºC 
maximum operating temperature and it reaches 
the maximum sag level under lower transmitting 
levels. Therefore, it is proposed to upgrade the 
New Chilaw- Madampe transmission line to oper-
ate at 75ºC. In the outage of one Pannipitiya-
Kolonnawa cct, the remaining cct is loaded by 
122%. In the outage of Colombo A-Dehiwala 

132kV cable results 117% loading in the Pan-
nipitiya.-Jayawardanapura ccts. Both the above 
overloading situations can be mitigated by method 
no 1 above.  In the outage of one Kolonnawa-
Arangala cct, the remaining cct is loaded by 123%. 
This can be mitigated by constructing the Kolon-
nawa-Arangala 2nd cct. 
 
HMNP Case 
In normal operating conditions, no voltage or 
thermal violations were observed.  
 
In the outage of one three winding transformer at 
Kotugada, the 33kV winding of the remaining 
three winding transformer is loaded by 128%. This 
problem can be mitigated by constructing the New 
Kotugoda GS by 2010. In the outage of one three 
winding transformer at Biyagama, the 33kV wind-
ing of the remaining three winding transformer is 
loaded by 153%. This problem can be mitigated by 
installing 60MVAr BCS at the Biyagama 33kV bas 
bar by 2010.  In the outage of one three winding 
transformer at New Anuradhapura, the 220kV & 
33kV winding of remaining three winding trans-
former are loaded by 132% & 164% respectively. 
This can be mitigated by installing a 3rd 
220/132/33kV inter-bus transformer. In the outage 
of Polpitiya-Kosgama cct, Polpitiya-Sithawaka cct 
is loaded by 130%. It can be mitigated by changing 
the present line arrangement of Kolonnawa-
Kosgama, Kolonnawa-Sithawaka, Sithawaka-
Polpitiya and Polpitiya-Kosgama 132kV transmis-
sion lines to double circuit of Kolonnawa-Kosgama 
and double circuit of Polpitiya-Sithawaka by year 
2016. 
 
TMNP Case 
In normal operating conditions no voltage or 
thermal violations are observed. 
 
In the outage of one three winding transformer at 
Kotugada, the 33kV winding of remaining three 
winding transformer is loaded by 128%. This prob-
lem can be mitigated by constructing the New Ko-
tugoda GS. In the outage of one three winding 
transformer at Biyagama, the 33kV winding of re-
maining three winding transformer is loaded by 
152%. This problem can be mitigated by installing 
a 60MVAr BCS at Biyagama 33kV bas bar.  In the 
outage of one three winding transformer at New 
Anuradhapura, the 220kV & 33kV winding of re-
maining three winding transformer are loaded by 
138% & 164% respectively. This can be mitigated 
by installing a 3rd 220/132/33kV inter-bus trans-
former. In the outage of Embilipitiya 220/132/33 
kV inter-bus transformer, the New Laxapana-
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Balangoda 132kV line is loaded by 123%. Installa-
tion of 2nd 220/132/33kV inter-bus transformer 
will solve this problem. 
 
Transmission Losses 
 
The transmission losses corresponding to the year 
2015 for the two scenarios with and without 
Kiriketi PSPP are listed in the Table 3.   

 
Table 3 - Transmission Losses 

 
Short Circuit Analysis 
 
Maximum three phase short circuit levels at each 
grid substation in Sri Lanka in year 2015 were cal-
culated and compared with the existing breaker 
capacities and no violations were observed. 
 
Transient Stability Analysis 
 

Transient system stability analysis was carried out 
for year 2015. During the study, the transmission 
system was subjected to specific pre-identified 
transient system disturbances which are expected 
to be critical. 
Studies were carried out under two switching se-
quences as given below. 

 
I. Successful Re-closing : 

t=0 Fault occurs 
t=120ms, fault cleared & circuit tripped 
t=620ms, circuit re-closed 

II. Unsuccessful Re-closing :  
t=0 Fault occurs 
t=120ms, circuit tripped 
t=620ms, circuit re-closed with fault 
t=740ms circuit tripped  
 
In the study, the embedded generators are not 
taken into account. Following assumptions were 
made when carrying out stability studies. 
 
1. A 5% spinning reserve was maintained  
2. An automatic load shedding scheme was incor-

porated in the study in order to sustain the sta-

bility of the system. 
3. Typical exciter and governor models were in-

cluded for all generators. 
4. Load damping effect was considered 

 
 
Dynamic simulation Results 

 
The dynamic studies were conducted for the year 
2015 with Kiriketi PSPP, for the system conditions 
of TMNP and HMNP. Some results of the transient 
stability diagrams are shown below.  

 
Conclusion 

The study showed 500MW Kiriketi PSPP should be 

directly connect to the 220kV Kotmale power sta-

tion bus bar using the 30km long 220kV double 

circuit of 2xZebra transmission line. 

References 

[1] Planning of Pumped Storage Power Plants 
in Sri Lanka, M.T.A.P. Wickramarathna, 
SLEMA Journal, Volume 14-No.2, Septem-
ber 2011.  

[2] Study on Pumped Storage Power Plants 

and Optimization for Peaking Power gen-

eration in Sri Lanka Volume II- Site Selec-

tion and Basic Design Configurations Re-

port by M.T.A.P. Wickramarathna. 

[3] Study on Pumped Storage Power Plants 

and Optimization for Peaking Power gen-

eration in Sri Lanka Volume IV- Intercon-

nection of Kiriketi Pumped Storage Power 

Plant Report by M.T.A.P. Wickramarathna. 

[4] Long Term Transmission Development 

Plan 2008-2016, Ceylon Electricity Board. 

 

 

 

 

 

 

 

Year Condition 

Transmission 
Loss (MW) 

without 
Kiriketi PSPP 

Transmission 
Loss (MW) 

with Kiriketi 
PSPP 

2015 HMNP 98.4 87.2 

2015 TMNP 122.8 108.8 

2015 HMDP 103.5 48.6 

2015 TMDP 100.3 52.8 
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Figure 1 - TMNP- Frequency Variation when Puttalam 285MW Unit Drop 

 

Figure  2 - TMNP- Voltage Variation when Puttalam 285MW Unit Drop 
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Figure 3 - TMNP- Frequency Variation when there is a Three Phase Short Circuit Fault on One of the 

220kV Overhead Line between Kiriketi PS and Kotmale PS at Kotmale End. Successful re-closing is as-

sumed. 

 

Figure 4 - TMNP- Voltage Variation when there is a Three Phase Short Circuit Fault on One of the 220kV 

Overhead Line between Kiriketi PS and Kotmale PS at Kotmale End. Successful re-closing is assumed. 
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Figure 5 - TMNP- Relative Rotor Angle Variation when there is a Three Phase Short Circuit Fault on One 

of the 220kV Overhead line between Kiriketi PS and Kotmale PS at Kotmale End. Successful re-closing is 

assumed. 

 

Figure 6 - TMNP- Frequency Variation when there is a Three Phase Short Circuit Fault on One of the 

220kV Overhead Line between Kiriketi PS and Kotmale PS at Kotmale End. Unsuccessful re-closing is 

assumed. 
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Figure 7 - TMNP- Voltage Variation when there is a Three Phase Short Circuit Fault on One of the 220kV Overhead 

Line between Kiriketi PS and Kotmale PS at Kotmale End. Unsuccessful re-closing is assumed. 

 

Figure 8 - TMNP- Relative Rotor Angle Variation when there is a Three Phase Short Circuit Fault on one of the 220kV 

Overhead Line between Kiriketi PS and Kotmale PS at Kotmale End. Unsuccessful re-closing is assumed. 
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