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Abstract—This paper determines the ontimal power capacity
installed for Run of River Hidro Power Plant (RORHPP). This is
necessary in order to obtain an effective and efficient RORHPP,
because the installed capacity will determine the investment and
the energy produced. If the installed power capacity is too high,
ine invesimeni cost wiil aiso be high, bul i ihie instalied power
capacity is too low then the potential of water energy will be

wastad Tha affantineg tha ingéalla
EERHET L E P S i #::0%s53sg sa% IERECHEcEE

ain faot

A casmanibsr af
RORHPP are river flow and height of water fall. The river flow
may change, while the water level falls steadilyv. Therefore, river
flow is a variable parameter and the water falling level is a fixed
parameter. Accurate determination of river flow discharge
design is necessary to optimize RORHPP installed capacity.
River flow discharge is obtained from hydrological data and
catchunent area wiicii is then processed into fiow duration curve
(FDC). Based on the RORHPP design can be obtained the
maximum pon d cnmergy gencorated by RORHPP, buat this &5
not fixed at any time. The capacity factor (CF) is the ratio of real
potential enersy to the maximnm enerov senerated in a vear.
Therefore, CF must be considered in determining installed power
capacity. Furthermore, financial aspects such as NPV, IRR, BCR
and BEP are also the considered parameters. Newton's
interpolation method was used to determine CF, which is applied
in RORAPP design of Lubuk Gadang. Simuiation resuiis sivow
that installed capacity has low investment cost and high energy
production as expecied
Keywords—RRHPP;
Newton’s interpolation

optimal; Installed power capacity;

L INTRODUCTION

The demand of electrical energy increases steadily every
year, so its provision should also be continuously improved.
‘I'he National Power Company (PLN) and independent power
purchase (IPP) which received the mandate from the
government as a national electrical energy provider continues
to develop a number of eco-friendly generators. To encourage
this acceleration, the government issued a favorable regulation
for TPP through Department of Energy and Human Resources
No. 3 ol 2015 for hydrocleciiic power capacity of 10 MW, and
Regulation No. 19 of 2015 for capacities above 10 MW [1],
[2].

One of the water potential development as a power plant is
by utilizing river water discharge, by a direct run of river
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methad or by reservoir svstem. Run of river method is done hy
diverting the river flow through the water way,sand trap,
nenstock and then move the turhine.  While the reservoir

method is done by damming water and stored in the pond, then
released it to drive a turbine through the penstock. This method

requires a large area as a water storage [3]. The most widely
developed method is run of river. hecause it doesn’t require a
large area. The disadvantage is that river water discharge
fluctuations have a direct effect on the electricity generated.
Therefore, RORHPP planning is always based on hydrological
and catchment area data to produce flow duration curve (FDC).
FDC represents the relationship between the annual probability
to the river flow (Q). The planning of electric energy RORHPP
generated refers to FDC.

Conventionally, Q, is generally selected with a probability
of 40 to 65% [3]. The accuracy in choosing Q4 has an impact
on technical and financial aspects. A large capacity equipment
and big investment is required if the Qq selected is too large. Tf
Q, is too small then the equipment capacity required is small
and investment cost is also low, but potential utilization of
available river flow is not maximal. Therefore a method is
needed to determine the optimal installed power capacity.
Generally in feasibilty study, the energy that can be generated
by RORHPP per year is obtained from the installed power
capacity multiplied by capacity factor (CF) and operating hours
a year. CF obtained from FDC is calculated from the ratio of
real energy (Er) to the maximum energy (Em) generated in a
year. Newton's interpolation method was used to determine CF
optimum.

II. TyricAL AND FORMULATION OF RORMPP

A. RORMPP System

Basically, hydro power plants function to convert the
water potential energy of water flow with certain discharge
(Q) and high fall (H) into kinetic and mechanical energy thus
generating eiectrical energy. the generai schema and
RORMPP components [4] are shown in Figure 1. The
RORMPP component consists of weir, waterway, headpond,
penstock, power house and distribution circuit.

413
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B. Power and RORMPP Generator Energy

Ragically_ ener ov can nof he created nor dectr nvpd hut can
only be changed from one form to another, called the law of
conservafion energy. In terms of nower, the general eauation of
power conversion is;

Power Tn = Power Out + T.oss (n

Power Out = Power In x Conversion efficiency )
Eguations (1} and (2) are usnally used to describe small
differences. The incoming power or total power absorbed by
the hvdro scheme is the gross power (P.....). Power whose
benefits are delivered is net power (P,). All efficiency of
hydropower components in the scheme of Figure 1 is called
Eis

Puel = Pgrass 2 En (3)

The gross power is head gross (H.s) multiplied by the water
flow (Q) and then multiplied by the velocity of gravity (g =

n o : M T WY Y 1 s i P s | i ) 3
7.0 IAILIDD\.}}, dU LT Uddiv UUHUC]}L Ui Ui pUWﬁl pjdlli
conversion equation is:
Pncl = g % ngo.s’s = Q ® Eo (4)
Where: P .Net Power (BkW)
Hvaise . gross head (m)
0 : Water discharge (m/df)
E, : conversion efficiency (%)
Eo =Eﬁ'civi( construction Eﬁ penstock Ej/‘ turbin % Ejf generator Ej]'conu’ol
L X F_, X F { <.\,,

7 asiwurh

E i comnion 1.0~ (length of channel x 0,003 ~ 0,005) Hyoee
- 09N ~ 095 (nenpnd on its IPnnfh\

0,70 ~ 0,85 (Depend on the turbme type)
i ﬂ»20~0 QﬁfT)enPnd on generator r‘znamm\

n.00 ~
-098

Flectrical energy is the multinlication of net power (P,.,) with

Eﬁ trafo

CF, and time, as indicate by equation (6).

tecmei = Poa X CE Xt (Wh) (6)
If the Hydro Power Plants operates 350 days a year (15 days
for maintanance) and 24 hours a day, then the electrical energy
required per year as seen in equation (7)

IEEE 978-1-5386-0944-6
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Egmmhy = P x 350 hari x 24 ja.m (Wh) (7)

Flow Duration Curve (FDC) is a curve that represents the
annual river flow discharge probabiiity. FDC is obtained from
the hydrological data by grouping the same flow and
determining the percentage of occurrence, as shown in Figure
2. The FDC curve is indispensable in determining the
RORMPP installed power capacity. Figure 3 show that high
flow discharge percentage in a year is very small. The
seiection of high flow discharge will resuit mn large instaii
capacity (4), as well as high investment cost, while the energy
produced annuaily 1S nol necessarily higher than the iower
installed capacity

Duration Curve at Intake Site (C.A=202km")

Discharge (11’

6 5 d0 15 M 2/ W I W 45 6 S5 6 65 W W S & W 9 10
Porcentage (%4)
Figure.2. Flow Duration Curve (FDC) [5]

Therefore it is necessary to determine the capacity factor (CF),
which is a comparison between the amount of the actual
energy generated in a year with the energy based on discharge
design. Figure 4 illustrates the determination of CF

The maximum energy generated by RORMPP within a year
(ABCD Area);

Emax = Pnaxx 360 hari x 24 jam (Wh) ®)
Whereas the actual energy generated by RORMPP is
calculated based on the sum of energy on the actual duration
of power generated within one year intervals (Area AbcCD).

Flow Duration Curve (FDC)
100 ;
50 4 - : \
g0 4 - ; ~——Qsungal
70 4 : ; Qi design
:Ig‘ 60 -
£
g
@
[

s 10 15 20 25 30 35 40 45 50 55 60 65 70 75 30 85 90 95100
Probability { %}

Figure .3. Illustration in determining CF
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The calculation of AbcD area can use the boundary integrals,
where a curved line equations that describe probabilility
annual discharge is determined by the Newton interpolation

method.
Area 0j AbciU
C :

LRy ®

Area of ABCD

D. Newton's interpolation

Newton's interpolation can be used to construct functions
of a given set of points [5], [6].
The be line in Figure 4 is a set of points whose function will
he determined. The purnose is to determine the AhcCD area
using the integral boundary.  The basis of Newton's
mterpolation is the Lagrange interpolation. For example, two
points are given (x0, f (x0)) and (x1, f (x1)) with x0 # x1.
Then by using the equation of line (P, (x)) based on Lagrange
Interpolation with 2 dots, obtained,

B {9 = I—IV—vi ﬂ. [!’ Y=, 'I]
w00 = ||+ EE ©)
Yo Y1
Pi(x) = ag + a;(x — x5)
Where:
&, = Y1—Yo or a, — (1)~ (xo)
it X1—Xp Z4—Xg

This is a form of divided differences, it can also be written as
a; = f [x1, x0]. Newton's interpolation for 3 points can be
written as;

obtalned

Py(x) = gy + oy (x — )(x = ;)
Py(x) = + ag(x = %) (x
’:.L)( "Z)
(10)
R (x) =a,+ al(x Xp) - -+ n(x = %) (X = %) ..
‘\x — An- 11\’L - "-nJ
D_y ihe diffeic CiicC Of Cach
ay = flxo] = f(x0) = %)
_ fles] = flxo] =W
ay = flxg,x1] = =
X1 = Xp X1 — Xg
_ _ f[x1»x2] = f[x0, %]
az = flxo. %, %] = ey
e f[xnxz' x?] f[x()l xuxz]
a3 = f[x()Ix'l_l x21x3] =
X2 — X,
""""" [X1 el = F [X0 e .
G = flxg, o] = LELn S Bincs] an
With the value obtained from a4, a4, a; ... ....a, the FDC

line equation can be determine.
E. RORMPP Cost

RORMPP cost consists of fix cost and variable cost. The
11X costs include investment costs, while variable costs covers
operational and maintenance costs. Investment costs include
civil, mechanical and electrical building costs that are

IEEE 978-1-5386-0944-6
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comparable to the installed power capacity and land contours
of the RORMPP development site. Accuracy in determinin
the civil buildings dimensions will affect the investment cost.
Therefore, investment cost is also an important factor in
optimizing the instalied power capacity of RORMPP.

The NPV method is used to determine the feasibility of
investing with equations;

NPV =~

(12)

a+n

Where;

\T‘D\ F— T\Ta+ D, s

F =The value in thc n' year
I = Interest rate (%)
N =Yearl1.23, .. eic

i. RESEARCH METHODS

Proper planmng W|Il result in optlmal productlcm and mlmmal
cost of the electrical energy. The application of Newton's
interpolation method in determining the optimal installed
power capacity of RORMPP Lubuak Gadang utilizing the
flow of Batang Sangir river in South Solok. The initial step of
RORMPP planning is to find potential and determine the
appropriate location for RORMPP construction. This early
stage required data of positions, altitude, water discharge, and
so forth. The required equipment include; maps and GPS,
which serves as a guide to the research location. Google Earth
is used to determine the point of research location.

Research data is divided into two, namely primary data and
secondary data. Primary data obtained directly in the field,
while secondary data obtained from existing references, such
as company records or documentation, government reports,
magazines, and so forth.

Hydrological data, cahcment area is a secondary data
obtained from meteoroiogy and geopihysics agency (BMKG)
and AWLR poos. The height and points of RORMPP
component piacement are the primary data obtained from the
measurement results. Flow Chart as the stages of research
shown n Figure 4.

Start

Literature Study
v

Survey

4

Data Colecting and Measuring

v

Analysis of technical,
economic, and financial

v

Conclusion

v
End

Figure. 4. The Research Flow Chart
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IV. CALCULATION AND ANALYSIS

Data hydrograph show the variation of river flow and time
throughout the year. By categorizing the same debit and
determining the occurrence percentage, then the statistics of
discharge average from Batang Sangir river on the watershed
of 1,421.00 km2 obtained as in Table 1 [7] [8] Table 1. The
Average Flow Rate of Batang Sangir River

TABLE 1. PORBALITY AND DISCHARGE AVERAGE
Discharge station

o Probability of Discharge Average

occurrence Watershed Coverage Area (km2)
1421.00

1 10% 122.32
2 20% 75.91
2 30% 5B.24
4 40% 42.73
5 50% 34.23
6 60% 27.89
7 70% 22.33
8 80% 17.28
9 90% 13.36
10 100% 9.44

Flow Duration Curve (FDC) is obtained from the annual
discharge probability graph as shown in Figure 5. The FDC
curve is indispensable in determining the install capacity of
generator and annual energy output. The optimal software of
installed power capacity RORMPP is shown in Figure 6.

8 -

Debit = &g

A o
20 -
Q 10 e 0 A0 32 B
Probability

Figure . 5. Flow Duration Curve (FDC) of Batang Sangir Watersheds

Newton's interpolation method derives a function that
represents the probability of annual discharge called FDC, as
eguation (9).

y = 0,0556x% — 4,9075x + 113,7 9)

TEER 978-1-5386-0944-6

The capasity factor (CF) of RORMPP can be calculated using
equation (8). Energy is calculated using the boundary
integrals. With a net head of 39.56 meters, a 350-day

RORMPP operation in a year, a total efficiency of 0.85 is
obtained by CF, power generation (4), annual energy (5) as
shown in Table 2. BEP, NPV, IRR, BCR and Price/KWh is
also obtained and be a consideration in optimizing installed
power capacity ..

Figure .6. Optinum Installed Power Capacity Software

The optimum installed power capacity RORMPP Lubuak
Gadang of 6.99 MW was obtained from the calculation.
Capacity Factor of 75.95% and FDC of 49.95%. The Energy
generated in a year as 45,754 GWh. The investment cost is
111.56 Biillon Rupiah. Financial anaiysis show BEFP 3.i7
year, NPV 243,65 Billion Rupiah, IRR 30,48%, BCR 2,19 and
price /KWH are 681,20 Rupiah. The obtained parameters
show that RORMPP development is feasible to continue and
have a high economic value, because the electricity production
cost is still far below The National Power Company selling

meptacs § o dlsrs somemiirane
PLIVU WU WIT LIS uLTL.

17
Thdis 4~,..- ~f Saadallad ae o ;41
e 1011 G1 i&8uda | Capa x/u) With ncwioi

mterpolatmn method that has been designed using softwax c,
e hf\DK!DT‘ D 1

: TS B 1.
Ll ARRAER . i1 SUDILWHID DHE CU \J.

Vii £ r!,,_‘, i
the technical, economical and financial aspects. By using the
o (TDC) of + B

A

techmcal and financial data of RORMPP can be obtamed
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