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i&?«“ Ministerio

4 | Wini-Micro Hydropower

de Energia y Minas
Repitblica del Pend

DGER/MEM

RURAL ELECTRIFICATION IN PERU

The beginning of rural electrification in Peru comes from the middle of the last
century, when in 1955 the new law of Industrial Electricity was created. Its pur-
poce wae to encourage private investmentin order to promote the electrification
in izolated areas.

Complementing thig, in the year 1962 the National Electrical Service Law (SEN)
was approved, which regulate the supply of electricity in the areas with no private
investment, in the same way promote the deve]np mentofl H}fd Topower Plants b}r
the Government.

In 1992, with anew Law No.19521, Ley Normativade Electricidad, started the proc
ezz ol the pub] ic service of ele ctricity in ch arge ol the government. It was declared
the necessity, utility and security of the electricity supply, and the Ministry of
Energy and Mines became the entity in charge of the regulation and protection.
This new responsibility was entitled to ELECTROPERU S. Awhich is part of National
Electrical Services (SEN), Mantaro Corporation (CORMAN], and Santa Corpora-
tion (CORSAN) and other. ELECTROPERU remained in charge of urban and rural
electrification in Peru.

Ten years later, in 1982, the General Law DrE]ECtTiCit}f was created, tr:lnsrerring
the energy distribution right given at first to ELECTROPERU, to the Regional Com-
panies, with the purpose that ELECTROPERU stay as the Head company, having
all the shares from the government and being responsible of the planning and
Electrical equipment by doing the Master Plan of Electricity, Studies and Execu-
tion of Generation and Transmission worke. This law allowed the development
of the electrical sector in all Peru.

In thatyear, the extension of electricity reached 40%. In ELECTROPERU, was cre-
ated an organization dedicated exclusively to the electrification in provinces and
districts in all rural areas.

In 1992, appeared the Law of Electrical Concessions, Law No.25844 thatdivided
in three parts the activities in the electrical sector: Generation, Transmission and
Distribution; si\-'i ng concessions and authorizations, all of them regu lated b}-‘ the
government. With thie fact, the government assured more efficiency in electric-
ity matters and also the participation of private sector, but rural electrification
was not taken into account. The percentage ol national electrification up to that
time was 54.8%.

The Direccion Fjecutiva de Proyectos (DEP) was created under supreme decree
No.021-03- EM, in 1993 as part of the Ministry of Energy and Mines with self tech-
nical, administrative and financial rights, in charge of the execution of energetic
projects with the fund of differentsourcee.

Since August 1993 until the end of 2006, more than 5.6 million people have been
benefited with electricity, being the increment of national electrification from
56.8% in 1993, to 78.7% in 2000.

In this period of time, 672 projects were executed, with a total investment of US$
665 millions. This means: 57 Trans mission Systems Projects (Transmission lines
and substations), 310 Distribution Projects (Mini ]'ly\:]ru, Primary and Seccmc]ar}r
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Networks), 63 Hydropower Projects, 207 Thermal Generation Projects, 2 Wind
Energy Projects and 4 programs of Solar Panels.

We have commissioned 2, 872 kmof transmission lines and 20, 852 km of distri-
butionlines, increasing the isolated generation in more than 150 MWof thermal
and hydraulic potency.

The Supreme Decree No.026-2007-EM, dated May 05, 2007 proposed the creation
of Direccidn General de Electrificacién Rural (DGER) as an entity that would be
part of the office of the Vice Ministry of Energy and Mines (MEM), through the
jolntof DEP and FONER.

Likewise, the Supreme Decree No.031-2007-EM, dated June 26, 2007 that approved
the Regulations of the Scopes and Organization of MEM declared that: DGER/
MEM is responsible for the execution of the National Plan for Rural Electrifica-
tion which 1s a duty of the Energy and Mine sector. Also encloses the execution
or coordination of electromechanical projects having as priority the rural areas
and extreme poverty places.

Thislegal item declares that DGER/MEM is conformed by the following entities:
Direccién de Proyectos (DPR) and Direccién de Fondos Concursables (FONER).

NATIONAL EVOLUTION CHART FOR ELECTRIFICATION

800 7 724 'ﬁ‘ T
70 763
753 o=
e S — H
7560 4 73
24 (4
—
ess | M - B O 0 | B
7004 677
&1 =
L  saa - 1 B B 0 B 0~ -~ I~ I .
850 1|
81
60,0 BE Bl EEEE BN B e B iml| Wi
568
S48 L= = - i = = == = B=
5600
00 O U O Oy O O O O O O O O e O O W g
1682 1893 1984 1886 1997 1835 1990 2000 2001 2002 2003 2004 2005 2008 2007

£35 i
2214 FILLIR—
1V-165



RIV-EEETREIRIVF—ICKDHMIIBIEYRY-TSViEE

j

i

)

CA

Agencia de Cooperacion Internacional del Japon

JICA

Founded in 1974, the Japan International Cooperation Agency is an implementation
agency for technical assistance, focusingon systems building, organization strength-
ening and human resource development that will enable developing countries to
pursue their own sustainable socio-economic development. JICA's work is broad in
scopeandreflects international concerns and changing needs in developingcountries.
To traditional sectors such as agriculture and social infrastructure, JICA has recently
added assistance to combat infectious diseases, support to encourage free market
economies or set up legal systems, and support for the peace-buildingand reconstruc
tion efforts in countries.

JICA uses an issue-based approach to comprehensively analyze issues to be resolved
and to expedite various types of programs. "Development Studies" is one of their
programs, and this assistance is for formulating development plans at the national
or regional level in various social and economic fields. Itincludes drawing up master
plans to act as blue-prints for medium- and long-term development programs, and
alsoincludes studying the technical economic or environmental aspects of proposed
project implementations as the basis for feasibility studies.

In the Republic of Peru, JICAimplemented "the Master Plan Study for Rural Electrifi-
cation by Renewable Energy” from February 2007 to July 2008 as one of the supports
to Perubased on the above.
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Preface

This mini-micro hydropower manual (hereinafter referred to as "the manual”) was
drawn up for rural electrification by mini/micro hydropower by Japan International
Cooperation Agency (JICA) in cooperation with Direccién General de Electrificacién Rural
(DGIR), Ministry of Energy and Mines (MEM) in the Republic of Peru.

JICAimplemented “the Master Plan Study for Rural Electrification by Renewable
Energy in the Republic of Peru” from February 2007 to July 2008 and the manual
was prepared as partof this study. The objective of the manual is to make a practical
guideline for procedure of planningand construction of mini/micro hydropower
so that persons such as regional government personnel and local residents who
want to electrify their region by mini/micro hydropower. but having no experience
can obtain knowledge of hydropower.

Akind of study for hydropower planning can be done because some of case exam-
ples are shown in the manual. However. in a general there are alot of methods
of planningand design for hydropower plant, therefore, those who want to plan
for hydropower plant should consult with appropriate organizations that have
sufficient experiences such as DGER/MEM (contact address: refer to the end of
the manual} after finishing rough studyby using the manual.

Inaddition, drawing up the manual was carried out with the collaboration of
Soluciones Pricticas-ITDG, Peru.

Mini-Micro Hydropower | ©
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Mini/ Micro
Hydropower
Scheme

1.1 Rural Electrification

Access to energy

Access to energy is a fundamental element for human development: institutions
like the World Bank, United Nations, the European Economic Community and the
‘World Energy Council consider energy to be essential for promotingor improving
basicservices, such as lighting, safe water, health, education and communications.
There is also a general consensus that the Millennium Development Goals will
only be achieved if universal access to energy is achieved.

Electricity is afundamental source of energy. Nevertheless, to achieve a universal
access to electricity is a huge challenge, According to the statistics of organi-
sations like the International Energy Agency (IEA), the World Bank and others,
about 1.6 billion people in the world have no access to this service and despite
government efforts in developing countries, providing access to electricity is a
slow and uneven process.

In urban areas, the electricity coverage has increased thanks to the investments
made by both the State and the private sector, the latter having enjoyed the
benefit of reforms in recent decades. In rural areas, progress is slow because
State investments have been slow or non-existent and private investments are
not viable because the market is poor and isolated. Even though approximately
480 million rural dwellers gained access to electricity during the seventies and
elghties (World Bank. 1926}, the number of inhabitants without electricity increa-
sed during the same period by about 150 million between 1970 and 1990 and it
has been impossible to cover this growing population.

According to recent literature, the energy requirements of poor rural people are
verysmall, between 30kWhand 50 kWh a month. Field dataalsoreveal thatalarge
proportion of the population consume much less than these figures; for example,
in the majority of the communities in the Peruvian Andes, users require less than
10kWh (84nchez, 2006). The energy they use is mainly for basic lighting purposes,
which inhibits the improvement of children’s education, access to information
and entertainment.

Mini-Micro Hydropower | 13

£35 i
2214 FILLIR—
IV-173



RIV-EEETREIRIVF—ICKDHMIIBIEYRY-TSViEE

1 Many claims have been
filed worldwide during
the last few decades, due
to the darmages caused by
large hydroelectric sche
s, particularly flooding
in productive valleys and
the displacement of entire
communities, in some ca
ses resulting in an imever-
sible loss of species and
affecting  ethnic  groups,
sometimes even causing
their extinction.

1.2 BriefOutline of the Use of
Hydraulic Energy

Hydraulic energy hasbeen used since ancient times, generated by small and simple
machines like hydraulic wheels, which were later used for grain mills and other
activities. Itis currently one of the most important sources of energy, contributing
to the generation of electricity to feed national grids. Systems as large as the
Itaipu scheme in Brazil which generates about 13,000 MW or the Three Gorges in
Chinawhich generate more tan 18,000 MW, provide an idea of the hydroelectric
power-generating capacity. the progress of technology and the confidence that
investors have in this source of energy.

Despite the great technological progress, there are still enormous resources in
many of the world's countries that remain untapped, as occurs in the majority
of Latin American countries. For example, Peru has the potential to produce an
estimated 58.000 MW of hydropower. yet so far there is only an installed capacity
of 3.000 MW, i.e. slightly more than 5% of the existing capacity. representing
about 50% of the total installed capacity in the country and supplying 93% of the
electricity consumed in the national grid.

Mankind's activities require some degree of energy or other and it has been pro-
ved that generating energy based on hydrocarbons will be unsustainable in the
medium term, as oil reserves are being depleted and the same will occur with gas
and coal within a few dozen years. Moreover, hydrocarbons produce greenhouse
gases that are seriously contaminating the environment .

Hydraulic energy provides one of the best sources for generating electric and
mechanical energy in a clean and renewable manner, particularly in Latin Ameri-
can countries where the rural demand could be covered by small scale hydraulic
power plants, with minimum effects on the environment .

Hydraulic energy can be an important source of clean energy, aslongas a respect
for the environmentand for the differentcommunities in the regpective waters-
heds is taken into consideration during the implementation. However, perhaps its
most important feature is thatitcan be used conveniently to generate energyona
smallscaleand inan isolated manner for rural electrification purposes, thisbeing
one of the mostappropriate and [inancially competitive alternatives. During the
last few years, rural electrification promotion organisations have indicated that
electrification costs in isolated areas through the grid are becoming increasingly
more expensive. For instance, accordingto the MEM (Peruvian Ministry of Energy
and Mines), grid connection costs foreach new family were about US$1, 100 at year-
end 2003, becoming more expensive the [urtheraway they are from the grids.
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1.3 Small-Scale HydraulicEnergy
andits Social Development
Potential

Hydroelectric schemes usually require alarge initial investment compared toother
sources, but once installed, they contribute [avourably to social development.
They have the following advantages: (a) they are a clean and renewable source
of energy for generating power on a small scale without any major alterations to
the environment; (b} they generate energy 24 hours aday: (¢} the source of energy
costs nothing; (d) operation and maintenance costs are low; (¢} small-scale power
plants can gain access to local or national spares and technical assistance.

It is a well-known fact that the electricity consumption in rural areas is very low
during most of the day, except during the evening (the so-called "peak hours™),
when the consumption is relatively "high”. As can be appreciated in figure 1
showing the daily consumption in the Conchan district of the Chota province in
the departmentof Cajarnarca, Peru, the average consumed by 170 families in 2001
was approximately 75 kW, whereas the consumption during peak hours (between
5:30and 10:30 p.m.) was approximately 22 kKW".

In view of this rural demand characteristic, a large quantity of energy can be
used for the socio-economic development of the user community, because the
marginal power-generating costs are insignificant. In fact, various development
promotion organizations and governments are promoting the implementation
of energy programmes for productive purposes.

Under the context of this great potential for generating low-cost energy, hydraulic
energy has become the most appropriate source of energy for productive uses
and for addingvalue tolocal products like handicrafts, micro industries and other
income-generating activities. Iydraulic energy offers more advantages for pro-
moting development than any other source of energy.

FIGURE 1. DIAGRAM SHOWING THE DEMAND OF THE CONCHAN MICRO

HYDROELECTRIC PLANT IN CAJAMARCA, PERU, 2000 (170 FAMILIES)
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1.4 Risks of Hydropower
Plant-Based Business

Hydroelectric projects usually require long implementation periods, both in
the pre-investment and investment stages. The installation of a hydropower
plant usually involves several stages, [rom pre-feasibility studies to engineering
designs. Normally, investment decisions are taken based on feasibility studies,
once the actual potential has been identified through accurate power estima-
tes on the one hand and the demand for energy on the other. The construction
of a plant may be technically feasible and suitable, but unless there is a sure
market, or a buyer for the electricity generated, the decision to set up the sche-
me cannot be taken.

Once the decision to invest is made, the next step is the final engineering design,
which consists of an accurate scaling of each component of the scheme. the si-
zing of every sub-component of the civil works, the dimensions of the pipes and
powerhouse and the identification of the detailed technical specifications and
origin of each piece of equipment to be used. Well known calculation methods
and the corresponding standards must be emploved during this process.

Nevertheless, the success of a hydroelectric scheme does not depend as much on
the technical aspects as on the [easibility of the market and the investment costs
required for the implementation. As mentioned previously, long periods are re-
quired for the installation of hydroelectric schemes, therefore the recovery is slow.
However, since these schemes do not consume [uel, their marginal costs are usually
lower than other energy alternatives and, therefore, they are more viable,

Mini, micro and pico hydroelectric schemes are usually aimed at meeting a speci-
fic demand for energy in isolated towns where electricity iz not normally a profi-
table business. However, they are a gnod alternative for this purpose, as they do
not require fuel. Hydroelectric schemes that take advantage of local resources are
more familiar for users and easier for local agents to operate and maintain.

The following are the main risks that a hydropower plant is exposed to:
a) The risk of a shut-down of the hydroelectricsystem, caused by:

» Inadequate estimates of water resources, i.e. adeficient hydrological
study and therefore the [low design was overestimated, causing
problems in the turbines due to the shortage of water.

» Inadequate selection of the turbine, due to the overestimation of
the existing [low. as a result of which it would operate defliciently
and could even come to astandstill. Flaws of this nature occur more
frequently when reaction (Francis and Axial) turbines are used,
as impulse turbines have a more regular performance, even with
relatively low partial flows.

b) Maintenance and/or operating flaws: Poor maintenance of the plant
as a whole or any of its parts could cause the plant to shutdown. For
example, a cave-in or obstruction of the canal or any part of the civil
engineering work could leave the plant without water and therefore
cause it to stop. Likewise, if a bearing or any other mechanical ele-
ment should break, the plant could also shut down, Stoppages due
to mechanical failures can take longer to solve when no spares are
available, Operating failures are caused by human error and occur
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when the operator is unprepared or not properly trained to operate
the entire system correctly. The consequences of this can be grealer
than those of mechanical flaws.

< Flaws in the quality of the equipment: The quality of the equip-
ment depends mainly on the manufacturer, Thatis whyinlarger than
mini/micro hydropower plants. consideration should be given to the
manufacturer's background, the materials used, the manufacturing
process, etc.

d) Quality of the installation of the machinery: Forlarger than mini/
micro hydropower plants, the quality of the installation isimportant.
Agood assembly implies that the machines mustbe well alighed with
each other, particularly the turbine with the generator and the inter-
mediate components tobe used.

The suppliers of the machines usually install them as well, which is advisable to
a certain point because it prevents arguments between the suppliers and the
installers of the machines in the event of any [laws. It is therefore recommen-
ded that for larger than mini/micro hydropower plants, priority should be given
to turnkey contracts.

1.5 Designing aProject for
Hydropower Plant

Technically speaking designing a hydropower plant involves a group of docu-
ments that contain processed calculations and a detailed description of the re-
sults, including explanatory tables and other elements to verify the accuracy
of the data and methods used. Fach section usually consists of at least one
volume; the majority of the studies require detailed plans (civil works. equip-
ment and grids) therefore each volume also contains the corresponding detailed
plans. The following studies are usually considered in the project:

a) Electricily market surveys (demand)
b Geological studies
) Hydrological study

d) Civil Works: Scalingof the civil works and detailed calculations of the
physical dimensions of each of the components mentioned above (intake
weir, headrace channel, scouringsluice, head tank, powerhouse, tailrace),
as well as complementary works like the access road, camp, ete.

) Electromechanical equipment (including the technical characteristics
of each of the machines and auxiliary equipment)

f) Primary grids (usually medium or high voltage)
@) Secondarygrids

Mini-Micro Hydropower | 17
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1.6 Design of Installed Capacity
for Mini/ Micro Hydropower
Plant

The installed capacity of a mini/micro hydropower plant is estimated based on
the demand and the evaluation of existing hydropower resources, an aspect that
is not the object of this publication as there is already enough bibliography on
the subject.

The two most important parameters for generating electricity are the flow Q)
and the head (H). A quick way of estimating the power of a hydropower plant is

with the following equation:
P=kQH

Where
P, Installed capacity of the hydropower plant (kW)

k, Factor thatincludes the effect of the water density, gravity and
efficiency parameters

k=y.n,.n.n,

Y,  specificweightof the water
M
M

, efficiency of the piping

efficiency of the turbine (including the efficiency of the
transmission system)

ns, efficiency of the power generator

H, gross head, measured orestimated {m)

Q, flow(m3/s)

For these quick estimates, average kvalues were used, which usually differslightly
dependingon thesize of the plant and the type of turbine, as can be appreciated
intable 1.

TABLE 1. TYPICAL VALUES OF K

Fico power plants 35-5
Micro power plants hebb
Mini power plants 6-7

small and larger power plants J-75

The power range corresponds to the classification of hydropower plants. Untila
decade agp. this classification was comprised of micro, mini, small. medium and
large hydropower plants; now the range has increased to include pico turbines,
incorporating the group of the smallest machines. There are two international
standards, one used by Europeans and North Americans and one used by OLADE
(Latin American Energy Organisation),
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TABLE 2. CLASSIFICATION OF HYDROFPOWER PLANTS BY THEIR POWER RANGE

Pico power plants Upto 5 kW Up o 10 kW
Micro power plants 5 kW - 50 kw 10 KW -~ 100 kw
Mini power plants S0 kW - 500 kw 100 kW =1 Mw
small power plants SO0 KW - 5 MW T MW - 10 MW
Medium power plants 5 MW - 50 MW 10 MW = 100 MW
Large power plants Maore than 50 MW More than 100 MW

Pipes with a good internal finish and little rugosity permit a more efficient flow
and therefore fewerlosses. The type of material also has an influence on this; for
example, in the smallest ranges, plastic pipes are used, which are highly efficient
compared to steel pipes. The turbines also have a specific efficiency, depending
on the finish, the manufacturing process and the model and size of the machines.
Sirilar factors influence the efficiency of the power generator.

When selecting the machinery for the plant, the manufacturing quality, the
background of the manufacturers and the type of turbine selected must be
taken into account, in order to avoid unnecessary risks.

1.7 Components of a Mini/
Micro Hydropower Plant

In large hydropower plants, the reservoir is an important component for regula-
ting the use of water throughout the year. In mini/micro hydropower plants. this
component is not normally used, other than in exceptional cases when the costof
this structure justifies the investment. Consequently, the followingare the main
components of mini/micro hydropower plants:

Intake weir
Teadrace channel
Settling basin

Conveyance Ditch

Flushing gate
Head tank
Penstock

Powerhouse: Turbine, Generator, Regulator

¥ 3 ¥ 3

Tailrace

Electricity Grids, Transmission grids, Distribution grids

k]

The electricity grids correspond to conventional electrical engineering works,
therefore they are not dealt with in this text.
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FIGURE 2. COMPONENTS OF A TYPICAL HYDROPOWER PLANT

Headrace

o e Settling
Ty

basin

Flushing gate
and head tank

Spillway ol the
flushing gate and
head tank

Turbine
Electricity Grids
Generator
Transformer
Regulator

FIGURE 2 COMPONENTS OF A TYPICAL HYDROELECTRIC PLANT.
| Based onthe "Tambomaya” MHS
built by Practical Action in Cajamarca-Peru)

Source: Rodriguez and Sanchez

Similarly, it is customary to analyse a hydropower plant in accordance with the
following components: civil works, electromechanical equipment, electricity
grids and management of the system in operation. This manual will mainly
cover the first two components.
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The Hydropower
Potential in Peru

There is a great hydropower potential for generatingelectric powerin Peru, through
the installation of hydropower plants. The main conditions fordetermining this
potential are the availability of water. particularly in the eastern watersheds, and
the differences of elevation in Andean watersheds.

There are two ways of measuring the hydroelectric potential:

a) The theoretical potential. The resources of a watershed are measured
inahypothetical manner, in theirnatural form, withoutcalculating the
works required to develop them. Only the water and the differences of
elevation are considered.

b The technical potential. The resources are measured in accordance
with currentand potential uses and the cost of each power unit insta-
lled. According tostudies conducted in 1979, Peru hasa total technical
potential of 200,107 MW and a technical potential of 58,346.4 MW,
which is the potential that can actually be exploited.

The national technical potential is concentrated in the Atlantic watersheds (east
Andean watersheds), representing 78.4% (45.741.7 MW) of the electric power.
This indicates that the higher jungle areas and the inter-Andean valleys of these
watersheds have an enormous electric power-generating potential.

TABLE 3. HYDROELECTRIC POTENTIAL IN PERU

Pacific 835,700 369 29,2565 12,6047 21.6 663
Atlantic 1425448 63 176,286.5 457417 784 312
Titicaca 352 o1 564

National total 2,261,500 100 206,106 58,3484 100 3.88
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The hydropower potential is distributed in the following watershed areas:

INTHE EASTERN WATERSHED
v The Mantaro hydropower plant, which generates nearly 63% of the national energy.
v Machu Picchu, in the Urubamba valley
v Carpapata, in the Tarma river
v Yaupi, in the Paucartambo river (Pasco)

v Sandia.in Puno

IN THE WESTERN WATERSHED

v The Huampan{, Moyupampa, Matucana, Barbablanca and Huinco hydro-
power plants in the Rimac riverbasin

v (Canén del Pato in the Santa river
v Charcani, in Arequipa

v Gallito Ciego, in the Jequetepeque river

Congidering that the current installed capacity is 3,000 MW (3,000,000 KW),
the available capacity exceeds 58,000 MW, which means that a mere 5% of the
technical potential is used. Nearly 50% of the technical potential is in the de-
partments of Cajamarca, Apurimac, Junin and Huanuco.

The country has a large enough potential to cover its long-term energy require-
ments and certain regions have a tremendous capacity to generate hydroelec
tric power. The following measures need to be taken now so as not to compro-
mise this potential in the future:

»  Theconservation of the higher reaches of the rivers with the greatest potential

»  Areasin which the hydroelectric power potential is developed should
receive some compensation or income to provide funds for watershed
management and water conservation purposes

»  Power production costs should be included in the watershed manage-
mentcosts

In rural areas, where enough water and adequate differences of elevation of at least
4 meters are available, it is possible to set up mini/micro hydropower plants to drive
machines and generate electric power (mini and micro hydropower plants),
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Evaluation of the
Resources for Mini/
Micro Hydropower
Plants

Hydroelectric resources are usually evaluated in two stages. Stage one is the
preliminary stage when hydrographic charts and meteorological data are used
to evaluate the existence of resources, estimate the potential and make a pre-
liminary calculation of the power, without the need for a field visit. Stage two
comprises the definitive evaluation and consists of taking field data, visiting the
area and measuring the head and the flow, using statistical methods to evaluate
river flows. This will be covered in chapter 4.

The Executive Projects Office of the Peruvian Ministry of Energy and Mines
(MEM) has a Geographic Information System (GIS) and a preliminary evaluation
of hydroelectric resources can be obtained from their web page. thus ensuring
an optimum use of maps.

Maps are usually charts that provide important geo-referential information for
different projects. such as the location of urban areas with different population
density rates (cities, districts, towns, settlements), road infrastructure (roads,
trails, bridges. airports). boundaries between towns, reliel characteristics (lev-
els, sheer depressions), drainage (rivers, gorges, ditches, ponds!, hydraulic in-
frastructure (dikes, dams, canals), vegetation (forests, reservation parks, barren
areas). etc. The maps are drawn to scale and edited by State institutions like the
National Geographic Institute (IGN} in Peru. They are published on a scale of
1:100.000, which means that 1 cm. on the chart is equivalent to 1,000 metres on
the ground. This scale can be expanded for office work.

In the study on micro hydropower plants, maps provided preliminary informa-
tion on the location of the river or watershed to be used for generating power,
as well as the location of appropriate areas for the different components: intake
weir, headrace channel, scouring sluice, head tank, powerhouse, tailrace chan-
nel, the route for the transmission line and, in particular, the area and shape of
the watershed selected for the hydrological study. See figure 3.
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FIGURE 3. THE MULLIOC RIVER AND THE TOWN OF MOLLEPATA, WITH LEVEL CURVES
SHOWING DIFFERENCES OF ELEVATION EVERY 20 M
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Figure 3 shows a part of the map or national chart with an extended scale,
showing the Mullioc river and the town of Mollepata, with level curves showing
differences of elevation at every 20 m. For preliminary reference purposes, the
catchment area could be at point x and the civil works would be installed on
the right bank.

3.1 Head Evaluation

Based on figure 3 and preliminary data, outline the location of the canal, the
head tank, the penstock and the powerhouse as shown in figure 4.
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FIGURE 4. DETERMINATION OF THE HEAD WITH RESPECT TO THE LEVEL CURVES
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1 = Intake weir, 2= Canal, 3 = Head tank, 4= Penstock,
5 =Powerh 6 = Tailrace ch I

The head to be determined on the map can be obtained with the following

steps:

a)

o]

Locate the intake weir and make a note of the approximate level in accord-
ance with the level curves on the map. Let us suppose that the level is
2.385.00 metres above sea level.

Draw the canal. bearing in mind the length and slope to obtain a head
value lower than the intake weir. Thelength of the canal can beobtained
based on the drawing made on the map and the scale. Supposingthe scale
is 1:5.000; this means that 1 cm, on paper is equivalent to 50 m. on the
ground, 1f the canal measures 4,89 ¢cm on the map. then it will be 4.89 x
50 = 244,50 m longon the ground. Consideringthat the canal slopeis no
more than 3 x 1,000. then the difference in elevation between the intake
weirand the head tankis 244.5 % 0,003 = 0.7335m. For practical reasons.
1.00 m can be considered. Consequently. the referential level of the head
tank will be de 2,385.00 — 1,00 = 2384 metres above sea level.

The referential head to be developed and determined in a preliminary
manner on the map, will be the difference in elevation between the level
of the head tank and the powerhouse. The powerhouse is very close to
the 2,320.00 level curve, therefore H = 2,384,.00- 2,320 = 64.00 m.

It is advisable for the penstock to follow a straight line both on the map
and on the ground, from the head tank to the powerhouse, followingthe
convex part of the level curves.
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3.2 Intake Area Evaluation

The hydrologist evaluates the catchment area and determines the probable
maximum and minimum flows by studying the river or the watershed and the
climatalogic parameters ([dampness, tem perature, rainfall, evaporation, run-cff,
etc). It isimportant to know the maximum flow, also known as the high flow
level, so that the elements of the intake weir can be designed (guiding walls,
spillway, catchment area, headrace channel) to make sure they are stable and
work propetly. The minimum flow corresponds to the low-stage of the river and
is useful for deciding the minimum catchment flow for the yearround opera-
tion of the mini/micro hydropower hydroelectric power plant. See figure 5.

FIGURE 5. DETERMINATION OF THE WATERSHED

il

980
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The watershed area is drawn on a map with level curves. Outline the watershed
boun daries, crossing the level curves in the upper reaches of the river or water-
shed where the rain water flows towards the watershed being studied. Then
draw squares in the delimited area in accordance with the scale on the map,
count the number of squares and then, in accordance with the scale, express
thearea in km”.
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FIGURE 6. OUTLINE OF THE WATERSHED AREA
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Scale 1:100.000 1cm onpaper =1km ontheground. N of squares =218,5 thearea of thewatershedis 218,50km2

There are various methods for canducting a hydrological study; for example, the
method of the National Rural Electric Cooperative Association (NRECA) of the
United States of America, which uses data on the monthly precipitation and evapo-
transpiration potential, whereby three parameters are determined to characterize
the watershed being studied: {3} nominal {indicator of the pround’s capadity to store
water and the direct or underground run-off; {B) Psub (fraction of the run-off which
flows underground and (&} GWF fraction of the total volume of water stored in the
subsoil which reaches the river all year round). The permeability of the scil is also
an important aspect. Following the guidelines and the calculation sequence, the
total run-off is obtained in mm/month, This value is multiplied by the area of the
watershed, which may be in m?, then it can be easily converted into m®/s as the
volume for the month covered by the study. The study must be conducted at least
once a month throughout the year.

For this method, information recorded in stations located in the respective wa-
tershed are required; however, in the case of mini/micro hydropower plants,
such stations do not exist. Consequently, the hydrologist must apply the meth-
od referred to as similar or equivalent watersheds, whereby records are available
on the conditions of the soil, run-off, climate, altitude, ete. dating back at least
20 years. Both methods are based an probabilities in an effort to obtain reliable
results,
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3.3 Calculation of the Discharge
(Dry Season)

To calculate the discharge. the location of the inlet weir in the section of the
river must be obtained, as well as the slope. the depth of the water during the
low stage and the discharge.

FIGURE 7 AREA OF THE INTAKE WEIR. SCALE: 1:500

220 m I
5.20m
According to scale: water surface = 5.20 m; depth of the river inthe low stage =021 m; CD=3580m
Slope of the river in section CD 5 =2.7%
River section on intake zone

According to the approximate data on the map and the river section obtained.

Q=5.20m x0.21 m x0.60 m/s =0.655 m’/s.

These figures. which can be obtained from the map, must be verified or modi-
fied by means of a direct on-site evaluation.
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3.4 Estimatingthe Demandand
the Electricity Supply Potential

341  Demand forElectricity
in Rural Areas

a) The current demand can be estimated with the following table:

TABLE 4. CURRENT DEMAND OF DIFFERENT POPULATIONS

500 - 1,000 15 kW - 35 kw
1.000 - 2,000 35 kw - 80 kw'
2,000 - 4,000 B0 RW - 180 kW
A.000 - T0.000 180 kW - 500 kw

10,000 - 20,000 500 KW - 1.200 KW

Itis presumed that the installed capacity percapitaisbetween 30and
60 W per person. Firstof all, consider the current demand provided
in table 4 based on the number of inhabitants, Secondly, correct this
demand according to the social level and special demands, such as
mines. industries and farming.

b Estimatingthe future demand. The demand is calculated for afuture
period of 20 years. The rate of increase in the demand for electricity
can be estimated at between 2% and 5% a vear, in accordance with the
annual population growth rate, social lifestyles and the development
projects in the study area.

fal Example: The demand ina town with a population of 750 people

}‘ !
Currentdemand i =25kW

2

Annual increase in the demand for energy 4%

Demand for a future period of 20 years 25 kWx (1 + 0.04)20 = 55 kW
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3.4.2 Comparingthe Power
Generated With the Demand

The power generated should be equivalent to the estimated demand, i.e. the demand
for a future period of 20 years, In the previous example, it was determined that the
power for 20 years would be 55 kW. Therelore, the power generated should be
equivalent to 55 kW,

3.5 StudyontheElectrification
of Rural Areas

Background information

In general, the supply of energy depends on the resources available in the target
supply area, both in terms of energy resources as well as the financial resources
needed to acquire sources of energy.

As regards the electricity supply, power can be supplied through a connection
to the conventional electricity distribution grid (if there is one). unconventional
sell-generating systems (photovoltaic power, wind power or hydraulic power)
or generators. In most cases, a transmission-distribution system is required to
transport electric power from the generating system to users.

Statistics from the last national census should be used for the study, in order
to obtain relatively recent and comparable information throughout the country.
With regard to certain specific issues, particularly in the target area and the
pre-selected communities, officials of State institutions involved in the census,
statistics, electricity, etc. should be interviewed. When compiling information,
it is also advisable to visit and interview staff from NGOs operating in the target
area and involved in environmental and indigenous issues.

3.51 Determiningthe
Influence Area

The steps below should be followed to determine the influence area:

al  Mention the region. province, district and areas benefited and indicate
their location; geo-referencing is recommended using the Universal
Transverse Mercator system (UTM) of the Global Positioning System
GFS).

b Location of the project’s influence area on the map in the national
chart.

¢} Description of the economie, productive and social characteristics, the
ground relief and the climate in the project’s area of influence; access
roads, number of houses in each area, energy alternatives used and
estimates of possible productive uses of energy.
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3.5.2 Methodology for
Selecting the Communities

The preliminary selection of the target communities takes place in three stages,
in which objectively and quantifiably verifiable indicators related to the objec
tives of the sustainable rural electrification project are analyzed and the values
made available for the entire country and can be compared with each other.

In each stage, the area is selected by adding the most unfavourable relevant
indicators. In stage one, a region in the country is selected, to which end the
selected indicators on the department are compared. 1n the second stage, only
the department is analyzed. adding the most unfavourable relevant indicators,
then the same procedure is followed for the districts comprising the depart-
ment. In the third stage. the communities are selected and the most specific
criteria related to the project are analyzed,

(1) Comparison Indicatorsfor Selecting
the Target Area

SELECTION OF INDICATORS

The indicators must reflect the project’s main aspects, i.e, the rural nature of the
target area, the native aspect, the energy situation, the level of human develop-
ment. the level of education, the population's economic situation and gender
equality aspects.

Tor the first two stages of the process, seven indicators were selected, which we
consider to be the most relevant and on which sufficient objective and coherent
data on the entire country are available. These are:

a) Percentage of rural population. This is the ratio between the popula-
tion livingin rural areas and the total population.

bl Percentage of native population. This is the ratio between the native
population and the total population of the same area.

¢ Percentage of rural dwellings with noelectricity. This is the ratiobetween
the quantity of rural homes without electricity and the total number of
ruraldwellings in the same area. This is determined with the information
onsources of domestic lighting obtained during the census.

d}  Percentage of the population lackingin atleastone basic need. Thisis
the ratio between the population lackingin atleast one basic need and
the total population in the same area, Fourbasic needs are considered:
quality of housing sanitary facilities, access to education and subsist
ence capacity.

e)  Human developmentindex. The human development index (HDI) isa
composite index that measures the average progress in the three basic
dimensions of human development: a long and healthy life, knowl-
edge and a dignified standard of living, It is calculated based on the
life expectancyatbirth, the adultliteracy rate, the combination of the
oross registration rate in primary, secondary and tertiary educational
establishments and the gross domestic product per capita. Its maxi-
mum value is 1 and the minimum is Q. Values below 05 are considered
low, between 0.5 and 0.8 are considered average and more than 0.8
are considered high.

Mini-Micro Hydropower | 31

£35 i
2214 FILLIR—
1V-191



RIV-EEETREIRIVF—ICKDHMIIBIEYRY-TSViEE

Genderrelated index. The gender-related index, like the HDL is acom-
posite index that measures the average inequality between men and
women in the three basic dimensions comprising the HDI, adjusted to
reflect the inequalities. The maximum value is 1 and the minimum
0 and it follows the same scale as the HDL

Percentage of people living in poverty. This is the ratio between the
population living in poverty and the total population in the same
area, The definition of the poverty limit is related to the cost of a
family shoppingbasket, calculated periodically by the corresponding
entity.

(2) Establishingthe Scalefor Defining
the Target Area

The following process is used to establish the areas to which electricity will be

supplied:

a)

b

The area with the highest percentage value and the lowest value of
the corresponding indicator will be awarded three points.

The area with the second highest percentage value and the second
lowest value of the corresponding indicator will be awarded two
points and the area ranking third will be awarded one point. The
remainingareas will gain no points.

The area gaining the highest score afteradding the units of all seven
indicators will be considered the selected area.

(3) ComparisonIndicatorsfor Selecting the Target
Community

The indicators to be used for the initial selection of three communities in the
district and then for deciding which of those three will be the target commu-
nity, must directly reflect the exigencies related to the objectives and feasibility
of the project and be objectively verifiable.

Table 5 shows the technical, legal, social and economic indicators that fulfil
this requirement and were used in the selection process. Two distinct types of
indicators are shown, with respect to their influence in the selection.

al

b

The first type can be referred to as categprical; that is, the reply is either
yes or no, existing or non existent, respectively. In this category, some
indicators are excluding as [ar as the selection of the community is
concerned.

The second type can be referred to as relative; the reply is a numerical
value which may be absolute or relative, or a relative qualification of
the quality of asituation. For the selection of acommunity, a ranking
of preferential values can be established. as well as a minimum or maxi-
mum limit for excluding the community.
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TABLE 5.CRITERIA FOR SELECTING TARGET COMMUNITIES

Electric infrastructure

Existence of an electricity grid

Mon existent (excluding)

Existence of grid electrification plans

Mon existent (excluding)

Distance from the existing
electricity grid

Greater distance {priority), minimum
of 25 kmn (excluding)

Access via land or water

Existing access via land or water

Existing (excluding)

Quality of access roads

Easy access +/- all year round {excluding)

Legal status (enly for native

Existing or in process (excluding)

communities)

Legal situation
Land tenancy Own or belonging to others {excluding)
Existence of community organizations Existing or in formation

Community

organization

Consolidation of community
arganizations

More consolidated {priority)

Internal or neighbourhood
conflicts

Existence of important conflicts

Mon existent {excluding)

Population

Nurmnber of inhabitants

At least 250 people (excluding)

Natives

Percentage of native people

Larger percentage (priority)

Degree of participation in
community decisions

Higher degree (priority)

Participation of

Existence of women's groups

Existing or in formation

Poverty level

Family income

Lower income (priority)

Payment of public services

Willingness to pay for future power
supply services

Greater willingness (priority}

Economic activity

Percentage of economically
active population

Larger percentage {pricrity)

Primary production
potential

Area of land per family

Larger area (priority)

Participation of women

Existence of productive activities
cattied out by wornen

Larger number of existing activities (priority)

Inter-institutional
cooperation

Existence of cooperating institutions

Larger number of
institutions (priority}

353

Definition of the Target Region

According to the methodology described in chapter 2, all seven indicators selected
for the areas in the sector are analyzed.

Mini-Micro Hydropower
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3.6 Calculatingthe Power
Generated by Mini/Micro
Hydropower Plants (Installed
Capacity)

Once data based on the level curves is obtained to calculate the head
and delimitation of the watersheds in order to identify the discharge
flow, preliminary calculations are made of the power generated in the
mini and micro hydropower plants, using the following formula:

P=kQH

Where
P, represents the capacityin kW

k, is avaluewhich depends on the capacity and efficiency of the
turbine, as shown initem 1.6 (table 1)

Q, is the available flowin M?/s

H,. isthedifferencein elevation in metres

3.7 Selectionofthe
Electromechanical
Equipment

In the preliminary phase, the components of the electromechanical equipment
are selected based on the head and the flow: the turbine, the generator and the
speed regulator.

1. Hydraulic turbines

A hydraulic turbine is a turbo machine mechanically driven by the variation of
the quantity of water flowing through a system of revolving blades called the
runner, in which asimple deviation of the water flow can occuror, in othercases,
adeviation and acceleration of that flow.

£35 i
2214 FILLIR—
1V-194



RIV-EEETREIRIVF—ICKDHMIIBIEYRY-TSViEE

{1.1) Classification of hydraulic turbines

Hydraulic turbines can be classified based on different criteria:
a. Dependingon the variation of static pressure through the runner:

» Impulse turbines, in which the static pressure remains constant
between the inputand output points of the runner:

v Pelton turbines with one or more injectors
v Turgo turbines
v Michell Banki turbines

» Reactionturbines, in which the static pressure decreases between
the inputand output points of the runner:

v Arotodynamic pump that operates as a turbine
v Francis turbines, slow, normal and fast

v Deriaz turbine

v Kaplan and propeller-type turbines

v Axial turbines in tubular, bulbous and peripheral generator
variations

b. Dependingon the direction of the flow through the runner:

v Tangential flow turbines

v Radial flow turbines
v Semiaxial flow turbines
v Axial flow turbines

¢ Dependingon the degree of admission of the runner and considering the

alternative that the runner blades are partially or simultaneously submitted
to the action of the water flow:

v Partial admission turbines

v Total admission turbines

{(1.2) Fundamental parts of a hydraulic turbine

Distributor. This is a static element that adopts different shapes depending on the
type of turbine, Its functions are to:

#  Accelerate the water {low by transforming the potential energy in the
water into kinetic energy, either totally (impulse turbines) or partially
(reaction turbines)

#  Conduct the water in an adequate direction towards the runner

a  Regulate the flow

Runner. Alsocalled the wheel, this element is the fundamental organ of hydraulic
turbines. Itconsists of adisc equipped with asystem of blades with a certain tangen-
tial speed. Hydraulic energy is transformed into mechanical energy in the runnerby
accelerating and diverting the water flow as it hits the blades.

Mini-Micro Hydropower | 35
E3E B
I P+ FILUIR—

1V-195



NIV-BEBETEIRIVF—CRDMITBIEYRY-TSVBAE

Aspiration tube. This is a common element frequently used in reaction turbines
and occasionally in impulse turbineslike the Michell Banki, in which case it will havea
cylindrical shape and is installed after the runner, usually taking the form of astraight
or elbow-shaped diversion pipe. It fulfils three functions:

It recovers the head between the exit point of the runner and the level of
thedischarge channel.

It recovers the partof the kinetic energy corresponding to the residual speed
of the water at the exit point of the runner, as it is designed to disseminate
the flow.

Casing. The function of this element is to cover and support the turbine parts. In
Francis and Kaplan turbines, forexample, it is shaped like a spiral.

(1.3) Characteristics of the main hydraulic turbines

Pelton Turbine

Invented by Lester A. Pelton (United States, 1829-1908) and patented in 1880, It
can be defined as a tangential flow and partial admission impulse turbine. It
operates efficiently in high head and low flow conditions, as well as with partial
loads. The flow process is produced with atmospheric pressure.

ON TURBINE WITH TWO INJECTORS

Distributor. this « comprized of between one and
six Injattots, An injactor usually consists of a eircular tubse
with a requlating needie that moves axially, varying the
fiow section, When It i3 necessary 1o cut off the flow of
water quickly, the deflecters are used to divert the jet ayay
framthe blades. Inthe small turbines of micro hydropower
plants, the needle may not be necessary as they can ope-
rate with one or more titbes with a constant fiow,

Runner. i a partial admission runner, which dea-
pends an the number of jets or injectors. It contistsof a
disc equipped with a number of blatdes or vanies moun-
ted around It, welded or smelted to form a single plece
with the disc, The Pelton turbine can ke installed with a
harizantal huly and ona or two injectors and with a ver
tical hub with thres to sik Injectors
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Turgo Turbine

The Turgo turbine was invented by Eric Crewdson (United Kingdom) and paten-
ted in 1920. Subsequently, it was perfected by E. Jackson (United Kingdom) in
1936 and between 1961 and 1968. It can be defined as an axial flow and partial
admission impulse turbine.

FIGURE 9. TURGO TURBINE

U Distributor. basically consists of a
Pelton type Injector that spurts out water at
a 240 to 22.5% angle from the flat part of the

runner,

Runmner. |t resembles a half runner of the Pal-
ton turbing, as though It had been split through the

edge of the blades, at right angles with the hub. It is
a partial admission turbine and can be installed with
either a horizontal or a vertical hub, 1t is usually used
in small power plants. Compared to the Peltan tur-
hine, it has the advantage that it can operate with a
larger flow with a runner of the same diametar, as the
water |er enters through one side and exits through
the other. This turbine covers the field of application
of fast Pelton wrbines, Michell Banki and slow and
normal Francis turbines, It has the same characteris-
ties as the Pelton turbine, operating efficiently with
partial loads and little risk of cavitation; however, the
axial thrustis a drawback

Needle
valve

Michell Banki Turbine

This turbine was invented by A. G. Michell (Australia) and patented in 1903.
Subsequently, between 1917 and 1919, it was studied by Donat Banki {Hungary)
in the University of Budapest. Itisacentripetal-centrifugal radial flow impulse
turbine with a two-way cross-flow and partial admission. However, recent tests
have indicated that there isa small reaction in the first step due to the pressure
being slightly higher than the atmospheric pressure, caused by the proximity
of the injector to the runner.
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MICHELL BANKI TURBINE

Df:i'b'fbﬂ!ﬂ!'. This consiste ol a tectangular
tube that covers the unner at a certain partlal ad-
mission angle. I s eguipped willv a guide vane (o
regulate the flow 1t can operate manually o aute-
miatically,

Runner. 1 shaped like a drum ar cylinder and
is comprised of a pair of discs araund which a certain
number of rounded blades with a simple curvature are
usually welded an. For high Fows and low heads, 1t is

Bulle with intermediate discs. The eylindrical shape of
the runner allows the tuebine to work with a large va-
rlety of flows, 1o which and only the length needs to bs
adjusted accordingly. The charactetistic of the Michell
Banki turbine is that a lage water jet from the rectangu:
lan ssgtion fits the sunne blades twice, 1t differs i
damentally from other turbines in that the jst flows dyver
the blades at tight angles with the hub.  The turblne
usually operates with atmospheric pressure. Neverthe-
I3, for high heads, it can be squipped with @ cylindiical

aspiration tibe to recover part of the height of the fixtu high compared te Pelton and Francis wibines
e This creates a depression Inside; tharsfore, the water Neveftheless, given its low cost and the facility to
must not be wllowed to flood the runner. The efficency baudld it locally, It is an interesting altérnative lor
is good within a wide range of flows, although not oo smill power plants,

Pumps that operate as turbines

There has been a tendency in recent years to use
rotodynamic pumps as turbines in plants, which
operate by inverting the direction of the flow and
rotation. As the pumps have no distributor. they
can operate at full load: they are regulated with an
electronic load regulator to dissipate the power
The advantage of using pumps instead of turbines
istheirlow cost, since they can be easilyacquired and
repaired as they are produced in series. However, it
isworth pointing out thatan adequate selection is
required. They are nothighly efficient, but their use
is recommended for generating low power.
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Francis Turbine

The Francis turbine was invented in 1838 by Samuel Howd {United States) and

was subsequently perfected in 1848 by James B. Francis (United Kingdom, 1815-
1892) in the Untied States. This can be defined as a mixed flow centripetal and
total admission reaction turbine

FRANCIS TURBINE

D."Sh'."bﬂmf Invented by Fink (Germany, 1860), It con- lesavess the runnes jinan axjal dirscton towards the
sists of asenes of blades with an aeradynamic profile and aspiration tube

changeabile positions, forming canverging tubie-type can

turits that speed up the water law and guide it towards the :ispi'!ﬂffﬂﬂ fﬂb@. It s basically like a
runner at different angles, so that the low can be regula straight ar elbow-thaped disseminator ptpe, de

ted. The distributor blades can be operated by hand or by pending on the so-called aspiration head, the value
means of an automatic regulator. of which is calculated in accordance with the cavi

tation theary.
Runner. tis consists of a series of fixed blades placed

between a disc and an outer rim, usually with a double cur- Chsmg Thisis aspiral chamber that can be smelted
vature. The radial flow enters through the outer edge and in a single piece or with welded sheeting segments.
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Kaplan and Propeller-type Turbine

Kaplan and propeller-type turbines were designed by Victor Kaplan (Austria 1876-
1034) at the University of Brno (Czechoslovakia) and patented in 1912, Theycan
be defined as axial flow, total admission reaction turbines.

Runner. s is the main cha
racteristic of the Kaplan turbine, lts
blades are shaped like thewing of an
aeroplane, guided by 3 mechanism
lecated inside the cube, 1t can there

fore operate efficlently within awide
Tl 1 anige.

Distributor. w is s rink wpe distibutor
similat to that of Francks turkines. I addition,
It consists of a spiral casing with a circular or
rectangular sactlon and a stralght o albow-
shaped aspiration tube, depending on the re-
quired aspiratton height.

The propelle-type turbing 15 a vatlation of the
Kaplan turbine, with a Fink distributor adapted
to the axial flow. Instead of the spiral chamber
it has a cone-shaped chamber with a conver-
ging section in the direction of the flow. There
are three versions:

= Tubular turbine
Bulbous turbine

- Peripheral generator turbine
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Quick selection of the turbine

A turbine for a mini/micro hydropower plant can be selected quickly with the
application of the following diagram, in which various turbines currently used
appear, located by application zones related to the net head, flow, capacity and
average efficiency. For heads in excess of 500 meters, the manufacturers must
be consulted.

The following diagram is based on this equation:

p_YOHN __ P, _OQHn
K ngng 102

from which the net head iscleared, so that

P 1
H=— x—
m Q
Takinglogarithms:
P
logH = log(—)~logQ
m

Assumingan average efficiency, alineal relation between Hand Qisobtained forconstant
installed capacity P in logarithmiccoordinates, asshown in the following figure,

FIGURE 14, DIAGRAM FOR THE QUICK SELECTION OF A TURBINE

1000

SPIRAL
FRANCIS
Q’URB#NE

Effective head H (m)

T

N

=1

82l

S e il BT Bt

MIXOED il \\\\

| | i
el BN .\.\\L\\\\

Z

I b 00 B

i 50 160 so0 1000 o000 10000

Volume of flow Q (I/sec)

50000 100000

Mini-Micto Hydropower | 47

1V-201

£35 i
2214 FILLIR—



NIV-BEBETEIRIVF—CRDMITBIEYRY-TSVBAE

2. Powergeneratorsin mini/micro hydro-
power plants

General construction

An alternating current generator mainly consists of:
v  Amagnetic circuit
v Acontinuous current windinginductor
v Aninduced windingalternatingcurrent
v  Amechanical structure including the refrigeration and lubrication

systems

The use of a synchronous generator is a priority in power generating units and
over time its power magnitude and cooling methods have evolved, Nevertheless,
its basic structure is still the same as it was when it was introduced in the XIX

century.

FIGURE 15. SYNCHRONOUS GENERATOR

VOLTAGE CONTROL UNIT

OUTLET
f::I::i EXCITATION MAIN
STATOR |STATOR
SPINNING
DIODES
] HUB
EXCITATION MAIN
RUNNER RUNNER

Synchronism speed

Thesynchronismspeed is the spinningspeed of the machine in RPM, which remains
invariable and creates a normalized synchronous frequency in the alternating
currentof 50 Hzand 60Hz.

_PN

f_IZO

Where:
f =induced voltage frequency inHz
N =runner speed in RPM

P = numberof runner poles
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TABLE 6. NUMBER OF POLES

2 3,000 3,600 16 75 450
4 1,500 1.800 18 333 400
6 1,000 1,200 20 300 360
8 750 000 22 272 327
10 600 720 24 250 300
12 500 600 20 231 277
14 428 540 28 214 257

Voltageregulation

In autonomous systems like micro hydropower plants that are not connected
to the electricity grid, alternators meet the domestic demand, public lighting
requirements and the demand for industrial energy. For them to work properly,
the outgoing voltage must be controlled and this is achieved with an automatic
voltage regulator (AVR},

Main disadvantages of power generators

Standard alternators currently manufactured only have one bearing,
therefore if they are tobe used with a turbine, special ones with two
bearings mustbe ordered

Speeds must be maintained within narrow regulation ranges: a 5%
dropin speed is usually acceptable, otherwise over-excitation will
cause overheating

Below are the approximate ratios between the speed and weight of
special generators, therefore their cost will vary:

1,800 RPM weight 100%
1,200 RPM weight 230%
200 RPM weight 350%
720 RPM weight 500%
600 RPM weight 580%
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Generator parts

FIGURE 16. PARTS OF AN ELECTRIC POWER GENERATOR

®

Typical generator with two bearings

List of generator components

1. Stator

2. Runner

3. Excitation runner

4. Excitation stator

5. Support on the non-driving side

6. Cylindrical top on the non-driving side

7. Thoric bearing ring on the non-driving side

20. Back panel of the non-driving side
21. Control equipment and rectifying kit

. o 22.Side panel
8.Bearing on the r.wn-drlwng side 23. Reverse part rectifying kit
9. Ondulated bearing washer 24, Varistor

10, Support on the driving side
11. Screen on the driving side

12. Bearing

14. Support

15. Casing panel, lower part

16. Casing panel, upper part

17. Air screen

18. Lid of the terminal box

19. Front panel of the driving side

25. Positive diode

26. Inverse diode

27. Lug for the driving side

28. Lug for the non-driving side

29. Adjustment ring between the casing and su-
pport on the driving side

30. Main terminal plate

31. Edge strip

32.Fan
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FIGURE 17. DIAGRAM FOR THE VOLTAGE REGULATOR (AVR) CONNECTION

COMNHTTION FOR 208 - 348 80 He GERERATOR
CONNTCTION FOR M - 228 50 T GENTRATOR

CONNECTION FOM 418 - 280 6] He UENERATOR,
CONNRCTHON FOR 346 - 340 & s GENTRATOR

Factors affecting generator sizes

The nominal power or the size of generating units vary depending on the
type and size of the power plant, the installed capacity of the system it will be
connected to and certain design restrictions. It is safe to say that the greater
the capacity. the more efficient the machine will be and the power output per

kilo of the machine will also increase.

When the capacity or size of the generators increases, they should have effi-
cient cooling systems to prevent unacceptable rises in temperature. In fact,
the evolution to large generators is closely related to the evolution of cooling

techniques.

FIGURE 18. -POWER GENERATORS DO NOT REQUIRE COMPLEX COOLING SYSTEMS
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Preferablevoltage

When the plant must cover an important pre-existing load, the most suitable
voltage to be generated is that of the load in question. Dependingon the distance
of the load. a double transformation of energy will be required, or adirectvoltage
discharge fromthe generator. The recommended tension is the standard 038 Y
/022 Dkv.

Usual connections

Generators producing 380 and 220 volts with a direct feed capacity usually have
asimple Y connection, with four terminals for single phase load connections
between phases and neutral loads.

FIGURE USUAL CONNECTIONS
12 Lead Unit, Low Voltage, Wye Connected, 3Phase 10 Lead Unit, High Voltage, Wye Connected, 3Phase
Connect the following set of terminations: (L1) Connect the following set of terminations:
Tl and T7 to form L1, T2 and T8 to form L2, T1 TdandT7 T5and TS T6 and T9
T3 and T9 to form L3 o TlisL1 T2isL2 T3isL3
L1 T4, T5 T6, TI0, TI1 and T12 to form LQ
0 C
OUTPUTS: 120V, 1d, 208V, 30 - OUTPUTS: 277V, 1. 480 V.30
LltoLQ LltwolL2 ( LlwlQ LltwlL2
= L2wlQ L2wl3 ] L21olQ L2wl3
TIo——=TI A
T 3olQ Llitol3 ¢ T 3olQ Liwl3
S S
- ) CAUTION: Property insulate all unused [ CAUTION: Property insulate all unused
\C % terminations. ; terminations
\ &
TI0 6—p—oT4 TI0
TI2 LQ .15 A (LQ)
A A P o~ A
TN I, ¢ N
¢ by / Lo} @F P
9.~ N, T2 / &
p<‘ \Jj"’ e, /;G (\/p/o T2 T8 K,.
AN I ONVAN {7 16 ™ T
- o &
T3 TS b -y
L3 L2 O/& N
T3 ° T2
(L3) (L2)
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Generator capacity

Consideringthe installed capacity requirements determined during the analysis
of the demand and after taking into account transmission and distribution losses,
the power required in the penerator terminals is established. Then a preliminary
selection of the generator should be considered, based on commercial specifi-
cations.

For mini/micro power plants, it is advisable to use generators with two, four and
six poles (3,000, 1.800 and 1.200 RPM, respectively at 60 Hz).
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In accordance with the commercial specifications, select a generator capable of
producing the power required or slightly more, as follows:

Pg=kVAx Cost

Where:
Pg = Generator capacity in kW.
kWA= Apparent powerin kVA.

COS{p=P0werfactor. Itisusuallyfixed at0,8; however, inrural applications
resistive loads often predominate, therefore higher values can be
specified (0,9-0,95).

a) Data on the generator plates: [n accordance with the previous paragraphs.
the specifications are as follows:

Model BCl184
Series Q1017031103
KVA 32

kw 256

fdp (Cosa) 0,80

Hz 60
Connection Y

AVR 63-5 BASLER
Room temperature 40 °C
m.a.s.l. 3,000m

b) Tests and trial runs: The following procedures apply to all tests:
v Measure the direct-current resistance in each stator winding phase
v Control the stator winding insulation resistance
v Measure the no load voltage and power
v Control the spinningdirection and terminal denominations.
v Determine the yield
v Control de operation of accessories
v Measure the vibration
v Racingtests

v Heatingtests

) Quickselection of a generator: The followingshould be borne in mind when
selectinga generator:

The power of the turbine hub. A generator should be selected based on
the power of the turbine hub, which must be adequate, i.e. neither too low
nor too high.

The spinning speed of the furbine. In mini/micro hydropower plants
inwhich standard diameter turbines thatare faster and cheaper are used,
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the spinning speed of the turbines is determined by the diameter and
the altitude. The synchronism generator speed does not always coin-
cide with the turbine speed, therefore speed multiplying transmission
systems are used.

The altifude. Thealtitude varies the efficiency of the generator. Forevery 1,000
mabove sea level, the generator loses about 10% of its efficiency.

Bearing these considerations in mind, an adequate synchronous generator can
be selected in accordance with the technical specifications established by the
manufacturers.

{2.1) Regulating the speed

Why is it necessary toregulate the speed?

There are many ways of takingadvantage of the energy generated when water hits
the vanes orblades of a wheel or hydraulic turbine, Some of these systems operate
with the turbine spinningata constantspeed atall times, whereas others operate
with the turbine workingat differentspeeds. This depends on what the energy
is used for and whether or not the generator has aspeed control device,

Some examples of small-scale hydro power schemes that operate with variable
speeds are traditional water-driven stone mills, wheel-driven sugarcane mills,
battery charges that use pico turbines coupled to automobile generators, small
turbines coupled to circular saws or lathes, and so on. In these systems, variable
speeds will not harm the system and more advantage is taken of mechanical
energy. Forinstance, grain mills can work adequately atdifferentspeeds. The
sameapplies tothe other cases, as the speed is only affected by the load imposed
on the machine.

On the other hand, systems that operate with a constantspeed are typically repre-
sented by mini/micro hydropower plants that supply alternating electric current.
These systems require a constant speed soas not to damage the electric generator
or the equipment and machinery using this electricity. As the frequency of the
electric current is directly proportional to the spinning speed of the alternator, a
change in the spinningspeed would change the [requency of the electricsystem.
which should have a value of 60 to 50 Hz, depending on the country.

Some negative effects of working with a different frequency from the nominal

in low frequency operations:

The electric motor will notstart or could even be damaged by the excess
current in the coil

Fluorescent bulbs may not switch on
Incandescent bulbs will provide less light due to the lower voltage.

The alternator may cause the voltage in the system to drop and
overheat

Some negative effects of working with other than the nominal frequency in high
{requency operations:

Incandescent bulbs can fail or will not lastas long
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Motors can be damaged
The alternator could be damaged by excessive speed

In mini/micro hydropower plants thatdo not have aspeed regulation system, a
change in the demand forenergy would immediately change the spinningspeed
of the turbine, therefore the alternator would startspinningata differentspeed
from the synchronous speed. This would cause achange in the frequency and
voltage of the line, resulting in the above-mentioned negative effects. That is
why if continuous changes in the demand are anticipated, it is necessary to install
acompensation system to ensure that the turbine speed remains constant.

There are basically two ways of controlling the speed of the power generator:
Regulating the water flow in the turbine

Regulating the load

Requlating the speed with the water flow in the turbine

So that the generator maintains a constantspeed if the demand is variable. it is
essential that the power input is the same as the poweroutput. plus the internal
logses. This can be expressed as follows:

Input power = OQutput power + Losses

This balance is obtained by regulating the volume of waterenteringthe turbine,
so that when the demand increases a valve is opened to allow more water to
enter the turbine, causing the generated power to equal the demand. This can
be regulated manually or automatically.

Manualregulation

Traditionally. manual regulation is mainly done in mini/micro power plants pro-
ducing less than 50 KW of power, because their initial cost is low. This type of
regulation is suitable when there are no great fluctuations in the demand for
energy. This system requires an operator in the powerhouse to observe the
changes in frequency and compensate them by varying the water flow in the
turbine. The flow is varied by means of a needle valve or guide vanes. depending
on the turbine employed.

Automatic regulation

Regulating the speed autoratically by regulating the flow provides a system
with a stable voltage and [requency. This systemn is used when large instant
fluctuations in the demand are anticipated. For this type of regulation, oleo-
mechanical speed regulators are used, or their variations like electromechanical
and electro-hydraulic tachometers, among others. Due to its high cost, this
system is inappropriate for mini/micro power plants and is used more often in
plants that produce more than 100 kW of power.

Regulating the speed by regulating the load
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Unlike the water flow regulation system, when the turbine regulates the water
constantly to ensure that the power generated is equivalent to the demand in
order to maintain a constant speed. in load regulation systems the generator
produces constant power, which means that the water flow is not regulated.
Nevertheless, care mustbe taken toensure that the power generated is equivalent
toor more than the maximum power expected from the demand. Excess power
will be dissipated in the form of heat through a resistance in the air or submerged
in the water. This can also be done manually or automatically, the latter being
the most frequently used system.

Regulating theload automatically

In order to find more economical and simpler solutions for the maintenance and
operation of automatic speed regulators, the electronic load regulation system
was recently developed. This system is applicable in mini/micro hydropower
plants that produce less than 100 kW of power.

This system does not consist of regulating the water [low: instead, the alternator
produces constant power and the electronic load regulator, through electronic
valves known as 'tiristors’, diverts the energy not consumed by the demand to
a power dissipation system.

The following are the main advantages of these regulators compared to oleo-
mechanical and similar regulators

The design of the turbines is simpler as there is no need to regulate the flow
Lower cost

Simple operation and maintenance

No excess pressure is produced in the penstock

Fasy to assemble or manufacture

Responds more rapidly to load changes

Atthe presenttime, there are two electronic load regulation systems: continuous
oranalogical regulation and scaled or digital regulation

Manufacturers of electronic regulators usually provide the following specifica-
tions for their electronic regulators:

Response to the application or removal of 100% of the load: transitory
diversion of the frequency: less than 0.25s

Statism: 0 to 3% (digital regulation}
Maximum operating temperature; 55°C

Type of alternator to be used: any that work with nominal voltages and
{requencies of between 100 and 500volts and between 45 and 65 Hz

Type of demand: indifferent (capacitive, inductive or resistive)

Type of ballast load to be used: resistive, 10% to 20% more than the
maximum expected demand

Demand power factor: greater than 0.7
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Most frequently used power dissipation systems:

Air beating resistances. Care must be taken toensurethat the resistances
are installed inalarge, well ventilated area.

Resistances submerged inwater. These should be placed inaspecially adapted
small tank. Atall times the resistances must be submerged in constantly
circulating water, which can be achieved with a diversion from the pens-
tock. The water tank or deposit can be built of steel sheets, concrete orany
other appropriate material.

Comparison between the different regulation systems

Priorselection of the speed regulator

The regulator is selected in accordance with the characteristics of the generated
power; it could be a flow regulator, a load regulator or a mixed regulator. The
design power must be consistent with the power of the generator and the con-

nection system.

TABLE 7. COMPARISON BETWEEN THE REGULATION OF THE FLOW AND THE LOAD

Manual Manual Automatic
Initial cost Very low High Low Average
D ds on th D ds on th
Frequency regulation accuracy epends onthe High ependsonthe Very high
operator operator
Installation problems None High Low Low
Operation and mai e
Very low Low Very low Low
problems
H ision by the t
upe.rwsmn y the operator Yes No Yes No
required
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3. Mechanical power transmission systems

In a mini/micro hydropower plant, a continuous conversion of mechanical ener-
gy is produced in the turbine and the mechanical energy is converted into elec
tric energy in the generator.

In electric systems with alternating current and a 60 Hz frequency, generators
with speeds of n = 7.200/p (RPM) are available, where "p" is the number of po-
les in the generator. Therefore, speeds of 3,600, 1,800. 1.200, 000 RPM and less
can be obtained. from 2, 4. 6 and 8 poles, respectively. Alow speed generator is
the most expensive.

The turbine’s spinning speed is related to the net head, the flow and the dimen-
sions of the runner. In large hydropower plants, the construction of turbine
runners with dimensions that guarantee a spinning speed the same as that of
the generator, so that they can be coupled directly, is justified. In miniand mi-
cro hydropower plants, on the other hand, only runners with standard manu-
facturers' dimensions can be used, therefore the operating speed for net head
and available flow conditions rarely coincides with that of the generators. For
this reason, mechanical power transmission systems between the turbine and
the generator should be used in micro hydropower plants, as long as this is
justified from technical and economical points of view.

Elements of a mechanical power transmission system

All mechanical power transmission systems contain the following elements:
v Thedrivingelement (in this case, the hydraulic turbine)
v Thedriven element (electric generator)
The following are the mechanical elements involved in a transmission:
v Adrivingwheel
v  Adriven wheel
v  Hubs that support the wheels and spin with them
v Hubsupports (roller bearings)

+ Couplings

These elements can be abserved in the following [igures. It must be appreciated
that the transmission of mechanical power will occur continuously with the
participation of the different mechanical elements. In the example, the main
hub transmits movement to the wheel through a keyed joint, the wheel moves
the belt by friction, the belt moves the driven wheel and finally, the latter moves
the driven hub.
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5 KW AXIAL TURBINE WITH A VERTICAL HUB AND
PULLEY TRA

AL TURBINE WITH A HORI

PULLEY TRANS

Types of transmissions

The following are the most important types of mechanical transmission systems:
»  Flexible belt transmissions, which could be:
Flat
Trapezoidal or V-shaped
Ribbed.
» Geartransmissions, which could be:
Straight toothed cylindrical
Helicoidally toothed cylindrical
Straight toothed conical
Spiral toothed conical

Endless screw with cogged Wheel
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Speed and transmitted power

When transmitting movement in a system, the idea is to increase or reduce
the angular speed and transmit power [rom one hub to another. For a better
understanding of this, below are some concepts and fundamental relations.

a) Peripheral speed: Peripheral speed is also called tangential speed and
is equivalent to:

V =m.D.N/60 [m/seg]
V=wD/2
Where:
D =diameter of the wheel [m]
N =RPM of the wheel
W =angularspeed [rad/s] {2m. N/60)
b} Transmission ratio: The transmission ratio is the ratiobetween the speeds

of the driving wheel and the driven wheel, This ratio is identified by the
letter "i" and is equivalent to:

I=N1/N2=D2/D1
Where:
N, =RPM of the driving wheel
szRF’MofthedriuenwheeI
D, =diameterof the driving wheel

D, =diameter of the driven wheel

Ifhigh transmission ratios are required, successive stages can be used. In thesecases:

. RPM input
" RPM. oilput
I =1X0LX o Xin
Where:

)iy ..z ransmission ratios of each stage.

¢ Torque: The torque indicates the capacity of a spinning hub to develop a
tangential force “F" at aradial distance "r" from the centre of the hub. Itis
equivalent to:

T=F.r[kg.m]
d) Power: Poweris the energy per time unit transmitted by ahub. Itisequivalent to:

P=Txw/102 =T .N/974 [kW]
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Also:

P=F.V/102

Itcan be appreciated that the poweris directly proportional to the torque output
and the angular speed, which means that for the same power value, the torque
and the speed are inversely proportional to each other. Therefore, in a system
in which mechanical power is preserved, an increase in speed would reduce the
capacity to develop torque and vice-versa,

e} Transmission ratios obtained in a stage depending on the type of trans-
mission

The following are the transmission ratios abtained in a stage. depending on the
type of transmission:

Gearing i=4t020

Saew and wheel the highest values
Roller bushing chain Upto6- 10
Toothed chain Upto 15
Trapezoidal belt Upto#—15

Hlat belt with idler Upto 10

Open flan belt Uptos

f) Maximum speeds recommended for transmissions

The following are the maximum speeds recommended for transmissions:

Ordinary Mat bels V<25 mis
Special artiiicial fibre belts Vmw< 50m/is
Standard trapezoidal belts W max < 25and 30m/fs
Special trapezoidal belts with a steel core S0m/s

In chain transmissions ¥V max = #5-40 m/s, and in toothed V nax = BOmM/s

belts

Straight toothed gears at V= 10m/s, helicoidally toothed V nay = 150 - 180 m/s
gears at V> 15 mfs should be manufactured with a 6

degree precision

In screw and wheel transmissions V nay < A0 m/s

g) Characteristic yields for one transmission stage

Toothed transmissions 99%
Chain transmissions Q7 = 00%
Flat belt transmissions 95 - 97%
Trapezcicdal belt transmissions Q6%
Scerew and wheel transissions 75— 00%
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Belt transmissions

Belt transmission systems are the most applicable in mini and micro hydro-
power plants. In this system. the power transmission capacity depends on the
friction between the belt and the wheels, which in turn depends on the friction
coefficient and the angle of contact between the belt and the smaller pulley.

The followingare the main advantages:

The possibility of joining the drivingshaft with the driven shaft. placed
atalternatively large distances

Apart from the bearings, no lubrication is required

Since the transmission is by friction, an overload will cause the belt
and pulleys toslip, protecting the other transmission elements and the
equipment involved

The operation is relatively smooth, with no knocking caused by the
transmission

Simplicity
Relatively low initial cost

Criteria for the sizing of transmission systems

The following information is required for the sizing of a transmission system:
Power to be transmitted
Input and output speeds
Conditions of the service

The conditions of the service are related to the type of machines driven in terms
of the vibrations they create in the transmission. They also depend on the hours
of service, environmental conditions and so on. These service conditions have
been experimentally evaluated for different transmission systems and are refe-
rred to as the "service factor".

For practical purposes, the selection is made with the power design ;. defi-
ned with the following formula:

P

L= X
dis trans serv

Where:

P tansmitted power
trans

F. :servicefactor
SEry

Specific sizing should be made with the help of manufacturers’ tables and ca-
talogues.
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FIGURE 23. NUMBER OF BELT SECTIONS BY POWER AND SPEED

Ask toprovider

RPM of small pullay

Project potency= Transmitted potency in CV. x coafficient of service

The selection of V-shaped belts can be made with the general procedure
applied to different power transmission systems. Itisan essential requirement
tohaveall theinitial data cn the power tobe transmitted, the transmission ratio
and the service conditions, as well as any space restriction.

Sections selected for more industrial purposes are designated the letters A (12"
X 5167, B 21/327 X 13/32™), C (/8" X 17327, D (1/4” % 14 and E (1 4" X
20¥32"). There are also more com pact sections: 3V (3/8” width), 5V (5/&8”) and &8V
(1. Through experiments, the appropriate range of use for each section were
determined in accordance with the power and speed.

Various criteria are taken into consideration for determining the diam eter of the
pulleys including the following:

The speed ratio tobe obtained
The minimum tolerable diameter of the different sections
The convenience of using standard diameters

Theintluence that the diam eter of the smaller pulley has on the capacity
totransmit powerfrom the belts

The influence of the diameters on the tension and force in the hubsand
rollers

Some engineers prefer to use the smallest possible diameters, based on the
theory that costs will be saved on the pulleys and shorter belts will be cbtained.
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However, this will reduce the capacity to transmit power and the forces in the
hubs and rollers will be greater than for a pulley with a larger diameter. Conse-
quently, solutions will be obtained with a larger number of belts, wider pulleys,
thicker hubs and larger rollers. It is necessary to study various alternatives and
select the lightest and cheapest of all the transmission components.

3.8 Study of the Distribution

Line

Whereas power generating points can be far removed from consumer centres,
long medium voltage aerial lines will be necessary to ensure the continuity of
the service in the event of various contingencies.

For the study. design and development of a medium voltage aerial line. the
following considerations can be established:

b

d)

The general nature of the ground in which the line will be placed mustbe
determined. This can bea determiningfactor for selecting the conductor
and the type of supports. The line mustbe established in easily accessible
areas for inspection and maintenance purposes. In rugged or populated
areas, it is not advisable to lay a direct line or to try and adapt to long
tangents. Small diversions of a few degrees cost slightly more and only
slightly lengthen the line. Itis recommended to establish lines with diver-
sions of between 5°and 15 which are not very costly. High peaks should
be avoided, as this would lead to more protection against the wind and
atmospheric discharges. Itis recommended to take advantage of existing
accesses, such as roads, highways orlines already installed. Flood-prone
land, ground with fragmented rocks and expansive clay and land with a
high level of ground water should be avoided.

Every effort should be made to obtain the best maps available, A general
land survey should be conducted and all the maps and information avai-
lable should be evaluated. Once the preliminary works are completed,
the main difficulties mustbe determined in order to establish palicies for
dealing with aerial routes, crosses with existinglines, crosses with private
land, nearby vegetation, type of land, rights of way, ete.

The following general terms must be established: (1} an access to each
support; (2) permission to install all the supports and guys: (3) the elimi-
nation of trees and branches within an area at least three metres wider
than the area in which the conductors will be located, so that there will
be enough free space for the installation: (4} the elimination of all trees
thatdo not permit the free oscillation of the conductor. in case it should
startoscillating under maximum wind conditions; and the elimination of
all trees that do not allow the conductor to drop freely.

Establish the plant plans and profile. which are key drawings for building
thelines. The vertical scale should be considerably exaggerated and the
horizontal scale should be no higher than required to determine distances
with the necessary accuracy. If no plans of the area are available. a pla-
nimetric survey should be conducted. A horizontal scale of 1/2.000,000
(length} and a vertical scale of 1/500 (height) are often used. providinga
compact drawingaccurate enough for most conditions. Largerscales may
be preferable for short vanes, buta smallerscale is not recommended.
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