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[image: image11.png]Now we proceed to calculate the size of the runner and the specific speed for the
turbine. From the additional material for hydropower calculations (given to you)
we can calculate




[image: image2.png]located on a stretch of the river where the river level will rise a maximum of 2 m
during high flows. A 50-m long tailrace canal will have to be excavated in rock that
has a side slope of approximately 30 degrees. A 485-m penstock will also be
required. In order to connect the project with the central-grid. approximately 6 km of
110 kV transmission line will have to be constructed through relatively flat, open
terrain. For the greenhouse gas analysis, assume that natural gas is the fuel that will be
displaced.

For the calculation you can consider

*  a generator efficiency of 95%
= transmission losses of 1% and parasitic’ electricity losses of 1%

SOLUTION

In this example we will calculate the energy delivered by the hydropower plant and
the greenhouse gas emissions savings. The economical aspects will not be calculated.
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[image: image1.png]DESCRIPTION

An electric utility has hired you to prepare a pre-feasibility study for implementing a
small hydro project in Guatemala. Based on the utility’s load projections, 4 MW of
firm capacity will be required in the near future to supply base load power to the local
electricity grid. In order to insure reliability, it is utility policy o install a second
identical back-up turbine and generator.

SITE INFORMATION

The site is located in the municipality of Rio Hondo within the department of Zacapa
in the Republic of Guatemala approximately 125 km north of Guatemala City. The
site location is easily accessible by road. Based on the results of a preliminary site
investigation, a project developing 150-m gross head would be technically feasible. A
suitable site exists for the construction of a concrete dam with a crest length of 70 m
that would provide some seasonal water storage Without extensive upstream flooding
This is considered a “run-of-river” project. The site is located downstream of an
existing hydroelectric project with additional storage capacity. A preliminary
assessment has indicated that the combined available storage will be approximately
15.5 million m3. The following flow-duration curve for the natural flow at the site
(i.e., before effects of storage) is available from previous studies
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An environmental analysis has concluded that natural inflow to the river downstream
of the proposed dam would be sufficient to allow for the use of all but 0.1 m3/s of the
available flow during low-flow periods. This flow is deviated before the power plant
and the planned dam

The topography between the dam and proposed powerhouse location is steep and
unsuitable for aboveground water conveyance structures. As such, a 3.4-km tunnel
will be required, which can be hand-built using local, experienced labour. Based on a
preliminary geological assessment it is anticipated that the rock will be ideal for
tunnel construction and that only 20% of the tunnel will have to be lined.
Approximately 45 km of temporary access road will be required for the construction
of the tunnel to allow the removal of excavated material. The powerhouse can be



[image: image5.png]In order to calculate the firm flow we will assume a turbine efficiency of 90%’. This
is done to reassure that we are counting all possible losses and that the plant will be
able to have the firm capacity required.

‘With a 5% head losses the net head will be 142.5 m.
P=pg Q- Hn 1y (1=l ) =)

For P= 4MW then Qg=3,6 m’/s

Looking at the turbine selection graph we can see that for that flow and net head
obtained we can choose a Francis turbine.
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Now, looking at the efficiency curve for Francis turbines we can see that the
efficiency is above 90% for flows that are 70% of the design flow. Thus, considering
Qtim = 0.7*Qusiza then the design flow will be 5,14 m/s
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Looking back at the flow duration curve we can see that the plant can meet the firm
capacity requirement up to 60% of the time. The rest of the time water from the
reservoir will need to be used.

Now we proceed to calculate the size of the runner and the specific speed for the
turbine. From the additional material for hydropower calculations available in Bilda
we can calculate

0473

d=ko,

Taking K= 0,46 then the runner diameter will be around 1 m =0.997m

The specific speed will be then
— ks
n, =kh

The turbine peak efficiency will be

(0.919-"¢,, +7e,)~0.0305+0.005 R,

Where
Rm=45

/0W={(Hq—56)r’2<6}: =5510%

e, =(0.081+ %, ) (1-0.789d7%) =0.0172
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The next step is to calculate the power curve. In order to do this we need to calculate
the power available as a function of the flow

P;=p g Hyet Qi €gNgen (L-trans) (1'1pamsmc)

Where
(354-00155%,)
(2,-92) For flows below the
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Peak Efficiency Flow
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Peak Efficiency Flow

Efficiency at full load

Drop in efficiency at
full load

Doing this calculation for the different flows available over time then we get the
following curve
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[image: image10.png]Where 1 are the downtime losses.
hydropower plants are highly reliable and that the hydropower plant outages vary
between 2% and 4%. Thus, we will assume the maximum of 4%. The plant is

assumed to be operating 8760 h/year.



[image: image8.png]To know the energy available from the system we need to calculate the area below the
power curve. The energy available can be calculated as
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‘Where lg; are the downtime losses. During the lectures it was discussed that
hydropower plants are highly reliable and that the hydropower plant outages vary
Dbetween 2% and 4%. Thus, we will assume the maximum of 4%. The plant is
assumed to be operating 8760 h/year.

The energy available will be then approximately 41700 MWh per year

In the case that the hydropower plant is connected to the grid then the energy
delivered is the same as the energy available. For off-grid hydropower plants the
energy delivered is a function of the local load

Based on the energy delivered to the grid per year and the possible generation of this
energy from natural gas it is possible to calculate the greenhouse gas emissions
savings by assuming the following parameters:

= CO2 emissions = 56.1 kg/GJ

= CH4 emissions = 0.0030 kg/GJ

=N20 emissions = 0.001 kg/GT

= Fuel conversion efficiency of 45%

= Natural gas heating value = 38 MJ/m3

Fuel required = 41700 MWh/y * 0,45

2666,7 MWh/y
CO?2 emissions = 92666,7 MWh/y* 3600 MI/MWh * 56,1 kg/GI

CO?2 emissions = 18714 ton/y
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