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ABSTRACT

Electricity is one of the most widely used forms of energy. Being a renewable source of energy small hydropower is
considered as an environment—friendly and cheap source of electricity. The installation cost of the small hydropower
project depends mainly on two parts—civil works and electromechanical equipment. One of the most important element
on the recovery of a small hydro-power plant is the electromechanical equipment (turbine-alternator). The present pa-
per intends to develop a correlation to determine the cost based on the cost influencing parameters as power and head
using three different methods, namely; sigma plot method, linest method and logest method. An attempt has also been
made to identify the best correlation among the three models closer to the actual cost of electro-mechanical equipment

as collected from recently developed projects.
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1. Introduction

Energy is the basic requirement for economic develop-
ment of a country. The growing demand for energy has
resulted in a dependency on fossil fuels. The price of fos-
sil fuels and security of energy supply have been a seri-
ous concern in India for many decades. India has a large
hydro potential in the range of medium and bigger size
projects. After independence in 1947, large hydroelectric
projects were executed, some of them are still under con-
struction and some are planned for the future. The inher-
ent drawbacks associated with large hydro are large ges-
tation periods, submergence of large areas along with ve-
getation, and resettlement of the people. Political and
environmental implications have made planners to look
for alternatives of large hydro. Such alternative could be
small hydro. Electricity from small hydro is probably the
oldest and reliable renewable energy source. In India, the
potential for small hydro has been estimated about 15,000
MW. Out of total 5,415 potential sites, 760 small hydro
schemes with a total installed capacity of nearly 2803
MW are in operation and 285 schemes with another 940
MW capacity are under various stages of implementation
[1-3].

Small Hydropower Plants (SHPs) have found special
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importance due to their relatively low administrative and
executive costs and a short construction time compared
to large power plants. These SHPs are mostly in the run of
river (RoR) category using instantaneous diverted flow of
river runoff and consists of diversion weir, water con-
ductor system (intake channel, desilting tank, power cha-
nnel, forebay, penstock), power house and tailrace under
civil works as well as electrical and mechanical equip-
ment.

To take investment decision, cost is an important fac-
tor. The cost of SHP schemes comprises cost of civil works
and electro-mechanical equipment. The cost of civil works
can be estimated based on actual quantities of various
items as per design drawings, but cost of electro-me-
chanical equipment, depend on budgetary quotations of
the manufactures. Keeping this in view, an attempt has
been made to develop a methodology for computation of
cost of electro-mechanical equipments in the present
study.

2. Small Hydropower Technology

Hydro-turbines convert water pressure into mechanical
shaft power, which can be used to drive an electricity ge-
nerator, or other machinery. The power available is pro-
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portional to the product of pressure head and volume flow
rate. The general expression for power output from a hy-
dropower scheme is given in Equation (1).

P =npgOh M

where, P is the mechanical power produced at the turbine
shaft (W), # is the hydraulic efficiency of the turbine, p is
the density of water (kg/m°), g is the acceleration due to
gravity (m/s®), Q is the volume flow rate passing through
the turbine (m*/s), and # is the effective pressure head of
water at the turbine (m). The best turbines can have hy-
draulic efficiencies in the range 80% to 90% (higher than
most other prime movers). Figure 1 illustrates a typical
RoR small hydro scheme [3].

In a typical small hydro power scheme, water is di-
verted from the river through an intake weir. The water
passes through a desilting tank in which the water is
slowed down sufficiently for suspended particles to settle
down before descending to the turbine. In RoR installa-
tions, water is carried to the forebay by a canal. A pres-
sure pipe, known as a penstock, conveys the water from
the forebay to the turbine [4,5].

In India, small hydro schemes are classified as follows
[1,2]:

Class Station Capacity
Micro upto 100 kW
Mini 101 kW to 2000 kW
Small 2001 KW to 25000 kW

3. Cost Estimation

The basic components of small hydro scheme can be
broadly classified as 1) civil works and 2) electro-
mechanical equipments.

—Diversion weir

Intake
/

/ , Desilting tank
/

Spill
channel

3.1. Civil Works

Civil works of small hydropower scheme comprise of
following major components [6,7]:

1) Diversion weir and intake: required for diverting the
flow of water from the river or stream towards the intake
channel.

2) Intake channel: to convey water diverted from the
weir.

3) Desilting tank: to remove silt to minimize erosion.

4) Forebay: provided at the end of water conductor
with some storage capacity to fulfill immediate water de-
mand on starting and to absorb water in case of sudden
stoppage of generating unit.

5) Penstock: conduit carrying water from forebay to
the turbine.

6) Spilling arrangement: the access flow that enters in-
to the intake during flood or at part load needs to be
spilled as early as possible.

7) Power house building is a simple structure housing
the generating unit.

8) Tailrace channel to carry the water coming from the
turbine and convey back to the flowing stream.

3.2. Electro-Mechanical Equipment

The electro-mechanical equipment are required to con-
vert the available energy in flowing water into electrical
energy, to control it and to transmit it to the power grid/
load points.

The major electro-mechanical components of power
plant are the inlet valve, turbine, draft tube, gate, genera-
tor, control and protection equipment, Substation for eva-
cuation of power. Turbines and generators are the major
items in terms of cost and space requirement [6-8].

/ Aqueduct

¢ Head race channel

+ Forebay

Penstock
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Figure 1. A typical layout of a SHP scheme.
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4. Methodology for Cost Estimation

The cost estimation process starts with the collection of
data required for this purpose, which involves various
components of civil works and electromechanical equip-
ment of different projects, executed recently. The cost
components are then adjusted considering inflation rates
over the years. This data set is then screened to detect out-
liners which have unreasonable installation cost. The pa-
rameters on which the civil and E&M cost depends are
identified. These are installed capacity, head and year of
commissioning, etc. The cost of the electromechanical
equipment (turbine, alternator and regulator) is substantial
in a small hydropower plant.

In the present, study an attempt has been made to de-
velop the cost relationship for electro-mechanical equip-
ment of SHP project using three different mathematical
techniques. The cost correlations obtained from these tech-
niques are than compared with the cost of actual existing
power plant installed recently.

4.1. Correlation through Sigma Software

The expression of initial cost of electro-mechanical equip-
ment is:
Cost,C=a P’H* )

Applying logarithms in the of expression (2), it is ob-
tained

logC=log(aP’H*)=loga+blog P+clogH  (3)
Carrying out a variable change
Z =logC
X =logP
Y=logH
Expression (3) will remain the following way
Z =loga+bX +cY 4

Substituting data of cost, power and head of every plant
whose data are known in the previous expression, it is
obtained

Z, =loga+bX, +cY,

Z, =loga +bX, +cY, (5)

Z,=loga+bX, +cY,

Then we proceeded to search the plane 4AX +BY +CZ +
D = 0 with the best fit to data (X;, Y, Z;) and carrying out
a multiple regression between the independent variables

(X, Y) and (2)
AX+BY+CZ+D=0 (6)

Working out the value of Z, supposing without restric-
tion as the plane would not be vertical,
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Constants a, b and ¢ are obtained by comparing Equa-
tions (4) and (7) through the following expressions:

a=e

A
b=—— 8
C (8)

B

c=——

C

The function of cost will be
Cost,C=a P’ H* 9)

The cost function has been developed which is sensi-
tive to the installed capacity and head parameters. The
exponents for these parameters have been obtained by re-
gression analysis. In the first step, analysis is done be-
tween installation cost and head to find out the exponent
of head. Then in second step results were analysed with
the installed capacity to find out the coefficient and expo-
nent of installed capacity. The developed corelation is as
given by Equation (10) [9].

C=6.882 1 7% po&® (10)
4.2. Correlation through Linest Method

This method calculates the statistics for a line by using the
“least squares” method to calculate a straight line that best
fits the data, and then returns an array that describes the
line. LINEST [MS office excel — 2007] can also be com-
bined with other functions to calculate the statistics for
other types of models that are linear in the unknown pa-
rameters, including polynomial, logarithmic, exponential,
and power series. Because this function returns an array of
values, it must be entered as an array formula.
The equation for the line is:

y=mx+b or (11)
Y =mx, +myx, +...+b (if there are multiple ranges of
x-values) (12)

where the dependent y-value is a function of the inde-
pendent x-values. The m-values are coefficients corre-
sponding to each x-value, and b is a constant value. Note
that y, x, and m can be vectors. The array that LINEST re-
turns is {m,, m,.1... my, b}. LINEST can also return addi-
tional regression statistics. The developed corelation is as
given by Equation (13).

C =0.136391 P—-1.73409 H +524.9 (13)

4.3. Correlation through Logest Method

This method, calculates an exponential curve that fits the
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data and returns an array of values that describing the
curve. Because this function returns an array of values, it
must be entered as an array formula.

The equation for the curve is:
y=bxm" or 14)
y= (bx(mlxl )x(mz"‘2 )><) (if there are multiple

x-values) (15)

where the dependent y-value is a function of the inde-
pendent x-values. The m-values are bases corresponding
to each exponent x-value, and b is a constant value. Note
that y, x, and m can be vectors. The array that LOGEST
[MS office excel — 2007] returns is {m,,m,_,---,m;,b} .
The developed corelation is as given by Equation (16).

C=664.072 (1.00011)" (0.99865)" (16)

5. Results and Discussions

The cost data of electro-mechanical equipment from dif-
ferent existing sites and the manufacturers were collected
and adjusted accordingly considering the inflation over the
years. These cost data were used to develop the corre-
lations. The results obtained from these correlations were
verified from the cost data of electro-mechanical equip-
ment of the newly installed SHP projects.

Figure 2 shows the error analysis between the actual
cost and the analyzed cost of electro-mechanical equip-
ment of small hydropower plant using the correlation ob-
tained from the sigma plot software. Overall the data ob-
tained from the mathematical model are very much close
to the actual data with a maximum error of £10%.

Figure 3 shows the error analysis between the actual
cost and the analyzed cost of electro-mechanical equip-
ment of small hydropower plant using the correlation ob-
tained from the Linest method. Overall the data obtained
from the mathematical model are very much close to the
actual data with a maximum error of £5%.

Figure 4 shows the error analysis between the actual
cost and the analyzed cost of electro-mechanical equip-
ment of small hydropower plant using the correlation ob-
tained from the Logest method. Overall the data obtained
from the mathematical model are very much close to the
actual data with a maximum error of £18%.

Figure 5 shows the comparison of cost obtained from
three different mathematical models and actual cost (as
collected) for electro-mechanical equipment of different
capacities at a fixed head of 120 m. The cost obtained
from the mathematical model obtained from sigma plot
and Linest method are closes to the actual cost of electro-
mechanical equipment and can be used for prediction of
the cost such equipment.
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6. Conclusions

In the present study, an attempt has been made to de-
velop a methodology for determination of the cost of
electro-mechanical equipment based on cost influencing
parameters i.e. head and capacity. Mathematical models
were developed using three different methods and the
results obtained from these models were compared with
actual cost data as obtained from the recently developed
projects. The results obtained from these mathematical
models show the percentage of error. It is seen that the
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Figure 2. Error analysis of analyzed cost and actual project
cost using sigma plot method.
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Figure 3. Error analysis of analyzed cost and actual project
cost using linest method.
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Figure 4. Error analysis of analyzed cost and actual project
cost using logest method.
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Figure 5. Comparison of different mathematical models to
that of actual cost.

cost obtained from the mathematical model by using sig-

ma plot and Linest method are very close to the actual
cost of electro-mechanical equipment and can be used for
the prediction of such cost for planning purpose.
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