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                            TOPIC;Mini and micro hydropower plants: a source of sustainable
green energy for Zimbabwe.
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1.0 Introductiony Energy shortages in Zimbabwe are a serious
drawback for the

sustainable development of the country and other less developed
countries. Zimbabwe imports some energy from neighbouring countries
like DRC, South Africa ,Mozambique and Zambia . demand and Zimbabwe
Electricity Supply Authority(ZESA) is using load shedding to make
sure it distributes electricity to every economy of Zimbabwe .

y The current energy production levels and imports can not
meet

y Most people in town have resorted to the extensive use of
firewood

which leads to deforestation. Deforestation is one of the
factors which trigger climate change. power stations can be a
solution.

y The use of green energy to supplement the energy produced by
existing

1.0 Introduction Conty Green energy is a source of power that is
sustainable

and not excessively harmful to human health or the environment.
y A strict definition would include only hydropower, wind power and
solar power. A more expansive definition would include bio-fuel and
biogas.

2.0 BACKGROUND2.1 Zimbabwe Renewable Energy potentialSouthern
Centre for Energy and Environment Zimbabwe (SCEE) has found that
Zimbabwe s renewable Energy include y solar Photo-voltaic (PV), y
biomass technologies, y Bagasse based cogeneration, y briquetting
and gasification,

BACKGROUND conty mini and micro hydro, y wind power, and hybrid
systems.

Technical potential for renewable energy in Zimbabwe are
summarized in Table 1

Table 1: Technical potential for renewable energy in Zimbabwe
(SCEE,2001.pp12)Technology Solar PV Mini hydro (capacity less than
1MW Micro hydro (capacity greater than 5kW but Less than 500kW)
wind Bagasse based cogeneration Technical potential(MW) >300
>20 >15

NONE 150

BACKGROUND conty Zimbabwe does not have wind resources as
compared

to countries with long coastlands and flat landscapes. y The
average wind speed of highest wind areas are 3m/s and they are so
low that they can not generate electricity.

2.2 Major Electrical power sources in Zimbabwe

y According to the Zimbabwe Electricity Supply

Authority(ZESA), electricity is generated at the Kariba Dam
Hydro electric Power Station (capacity 750 MW), y Hwange Thermal
Power Station (installed capacity 920 MW) and three minor coal
fired stations (installed capacity 270MW) (ZESA c2005). y The
location of the power sources are shown in Fig 1

Fig 1: Major electrical power sources in Zimbabwe

3.0 PROBLEM STATEMENT

3.1 Power generation and sustainable development in Zimbabwey
Zimbabwe has four power stations which generate

electricity by burning coal as fuel. y Burning of coal produces
green house gases such as carbon dioxide. y Atmospheric researchers
have provided observational evidence that burning fossil fuels
(coal) contributes to global climate change.

3.2 Power generation and sustainable development in Zimbabwe
CONTy Rising concentrations of greenhouse gases generally

y y y y

produce an increase in the average temperature of the Earth.
Rising temperatures may, in turn, produce changes in, weather, sea
levels, and land use patterns, commonly referred to as climate
change.

3.3 Power generation and sustainable development in Zimbabwe
CONTy This is a major challenge for the country since many

countries are denouncing the use of fuels that produce green
house gases according to the conference on the 16th session of the
Conference of the Parties (COP 16) to the United Nations Framework
Convention on Climate Change (UNFCCC) . y Rapid climate change
caused by the burning of fossil fuels has become a major social and
political issue internationally according to the Kyoto protocol
(ESHA,2004) .

3.4 Power generation and sustainable development in Zimbabwe
CONT

y This paper is focusing on the promotion of the

development of mini and micro hydro power schemes (MMHP) as a
solution to Zimbabwe s energy problems and also as a sustainable
source of green energy for the future. y MMHP and other renewable
energy resources will help Zimbabwe to migrate towards a low carbon
economy and participate in reducing the effects of climate
change.

4.0 Methodology The following methods were used to gather
information, Information was gathered from Structured and semi
structured interviews with the relevant power utility management.
Site surveys were carried out. Analysis of data from Topographical
map: scale: 1/50,000 Topographical map provides important
information, such as landform, location of communities, slope of
the river, catchment area of proposed sites, access road, etc.
Sites with high head, shortest waterway and high discharge level
were considered .

Methodology cont Analysis of rainfall data from isohyetal map
inorder to have clear understanding of the rainfall characteristics
of the project Areas and adjacent areas. Isohyetal map provides the
interpolation and averaging will give an approximate indication of
rainfall. Internet and electronic media

5.0 Limitations The researchers were unable to visit all
potential sites

of hydropower generation in order to do the actual site surveys
and analysis. Rainfall patterns used are subject to change due to
climatical variations.

6.0 LITERATURE REVIEWTypes of Hydropower Plants a)
Conventional-There are two categories which are run-off-river
plants and storage plants ( Harvey A & Brown A , 1992) b)
Storage Plants- Storage-pumped storage plants reuse water. After
water initially produces electricity, it flows from the turbines
into a lower reservoir located below the dam. During off-peak hours
(periods of low energy demand), some of the water is pumped into an
upper reservoir and reused during periods of peak-demand

Conventional type in detail Run-off-river plants -This type of
scheme requires no

water storage but instead diverts some of the water from the
river which is channeled along the side of a valley before being
dropped into the turbine via a penstock. Fig 2 .

This is a run off river scheme

Fig 2: Layout of a typical micro hydropower plant scheme

LITERATURE REVIEW cont Storage plants -A typical storage
hydropower plant

includes a dam, reservoir, penstocks (pipes), a powerhouse and
an electrical power substation.

LITERATURE REVIEW contHydro power generation

y A hydro scheme requires both water flow and a

drop in height (referred to as Head ) to produce useful power. y
Head is the height from turbines in the power plant to the water
surface in the reservoir or river surface. y The power conversion
absorbs power in the form of head and flow, and delivering power in
the form of electricity or mechanical shaft power. The greater the
flow and head, the more electricity produced.

LITERATURE REVIEW contThe power conversion equation is: y Power
input = Power output + Loss y or Power output = Power input
Conversion Efficiency The power input, or total power absorbed by
the hydro scheme, is the gross power, (Pgross). The power output is
the net power (Pnet). The overall efficiency of the scheme is
termed Eo. y Pnet = Pgross Eo in kW The gross power is the product
of the gross head (Hgross), the design flow rate (Q) and
acceleration due to gravity(g = 9.81m/s2), so the fundamental
hydropower equation is: kW where the gross head is in meters and
the design flow rate is in cubic meter per second. The overall
efficiency Eo (JICA,2009) can be derived as follows:y Eo = Ecivil
work Epenstock Eturbine Egenerator Edrive system E line
Etransformer y Pnet = g Hgross Q Eo

where E refers to efficiency.

LITERATURE REVIEW contPotential sites for mini hydropower
plants

Mini hydro power plants are suitable

where a dam is already built and there is enough head to
generate electricity.

6.1 Identification of Potential SitesThe best geographical areas
for exploiting micro hydropower are those where there are steep
rivers flowing al year round, for example, the hill areas of
countries with high year-round rainfall, or the great mountain
ranges and their foothills To assess the suitability of a potential
site, the hydrology of the site needs to be known and a site survey
carried out in order to determine actual flow and head data.

7.0 Findings

7.1Mini and micro hydro power potential in Zimbabwey Zimbabwe
has great potential to generate electricity

from mini and micro hydro power plants. These plants can either
be stand alone schemes providing electricity to remote and
mountainous rural areas far away from the national grid or they can
feed into the national grid.

Mini and micro hydro power potential in Zimbabwe conty There are
several schemes which can be categorised as

mini or micro hydro power plants in Zimbabwe .Most of the
schemes are privately owned and they generate electricity. These
are Claremont 250Kw, Aberfoyle 25kW, Nyafaru 30kW, Mutsikira 3kw,
Svinurayi 10kW,)

Kuenda 75kw. Sithole-chikate 25kW, Rusitu 700Kw is the only mini
hydro power plant which was designed to feed into the national
grid.(SCEE,2001.pp14)

7. 2 Micro hydropower plant potential sites in ZimbabweIn
Zimbabwe the suitable areas for run-off-river micro hydro power
plants are the eastern highlands and areas along major rivers shown
in the map of Fig 3 like the Zambezi, Limpopo and Save and many
other perennial rivers in Zimbabwe can be identified. When rivulets
are flowing in Chivi or Tsholotsho micro hydropower plants should
be used to produce electricity for that period.

Fig 3: Rivers in Zimbabwe with a potential for run-offriver
micro hydropower schemes

7. 2 Micro hydropower plant potential sites in Zimbabwe contSome
of the identified potential schemes which can be categorised as
micro hydro power plants (SCEE, 2001.pp14) are listed below with
their theoretical capacities, y Manyuchi dam 250Kw , y Mwenji dam
250kW, y Ngezi palawan 220kW, y Ruti 250kw, y small bridge,220kw, y
Sebakwe 310kW, y Siya 350kW,

7. 3 Mini hydropower plant potential sites in ZimbabweMost of
the potential sites suitable for mini hydropower plants are on
existing dams. The use of existing dams will reduce the cost of the
plant since the cost of dam construction is eliminated. Potential
sites are listed below Mazvikadei - theoretical capacity of 700kw
(SCEE,2001,pp14),Fig 4 is showing the vast hydropower potential of
the dam

Fig 4: massive hydropower potential at Mazvikadei dam
theoretical capacity of 700kw

Mini hydropower plant potential sites in Zimbabwe cont

Mutirikwi dam Orange grove condo dam Osborne dam Fig 5 is
showing hydropower being lost at the Osborne spillway

Fig 5: Osborne spillway discharging wasting vast amounts of
hydropowerCheck the vast amount of hydropower being lost. These
sites need to be developed as soon as possible to increase Zimbabwe
s green power options.

8.0 Advantages of developing mini and micro hydropower plants
(MMHP) in Zimbabwey MMHP are friendly and sustainable energy
option. y Reliable and Efficient energy source-MMHP produces
acontinuous supply of electrical energy in comparison to other
smallscale renewable technologies. y No reservoir required -Micro
hydro is considered to function as a run-of-river system and mini
hydro power plants can utilize existing dams thereby eliminating
the cost required to build reservoirs. y Help to promote government
s rural electrification ideology y Hydropower needs no fuel
-Hydroelectric plants are immune to price increases of fossil fuels
such as oil, natural gas or coal, and do not require imported
fuel.

9.0 Barriers to the implementation of MMHP schemesy Unfavourable
legislative frameworks-this has ledto unfavourable taxation on MMHP
equipment such as turbines, penstock etc and monopolization of
power generation by ZESA.

y No incentives and high upfront costs -MMHP areviewed as small
energy source for the rural poor and therefore it is difficult to
acquire loans from the banks. Offshore loans can come with high
interests.

y Lack of familiarity with the technology by

decision makers and possible implementers

9. Barri rs t t i P sc of

l tati s cont

y Micro hydro is often overlooked as a viable option for

rural electrification-The current rural electrification
being

spearheaded by ZESA prefers grid extension to remote rural
areas. This has led to the exclusion of MMHP in energy
planning.

y Market ingress of substandard technologies-like smalldiesel
generators .

y Lack of knowledge of mechanisms of GHG reductionlike the joint
implementation(JI) ,emission trading, Clean Development Mechanisms
as tools that can be used to lure financiers of MMHP in our
country

y Inability to develop bankable MMHP project proposals

to financiers and government.

10.0 Conclusiony It can be concluded that Zimbabwe has vast
sites which are

potentials for mini and micro hydro power stations. Designs for
the mini and micro hydro power stations are site dependent. Funding
should be available for these green project through awareness
campaigns like this presentation and various green institutions
campaign like the climate change office and the ministry of
environment. y The Fukushima nuclear disaster (March 2011) should
be a wake up call for developing nations to focus on developing
mini and micro hydro power stations rather than the nuclear power
stations. Nuclear energy has proved to be quite disastrous and
unsustainable.

11.0 Recommendationsy Zimbabwe should offer the private sector
an

opportunity to participate in power generation activities. This
can be achieved by passing a law that can address the suggested
objectives below, Encourage entrepreneurs to develop potential site
for hydroelectric power existing in the country by granting the
necessary incentives which will provide a practical rate of return
which is competitive with the returns from similar business
activities

Recommendations conty Establishing a One stop MMHP (and other
clean

technologies investment) shop which facilitates hydroelectric
power development by eliminating overlapping jurisdiction of the
many government agencies whose permits, clearances, licenses and
other similar authorizations may delay investors.

Recommendations conty Promotion of appropriate policy
regulations to provide

incentives for private investment in Mini and micro hydro
schemes, like the Feed-in Tariff. The Fee-in Tariff involves the
obligation of the utilities to purchase energy at a full production
cost of the energy and guaranteeing for a certain period (20 to 30
years). Globally, the Feed in Tariff policy has come a long way
since it s first introduction in the USA in 1978. Every country
that has effectively implemented the scheme has seen rapid growth
in the Renewable Energy portion of their energy mix.

Recommendations conty The ministry of environment through the
climate

change office should do awareness campaigns about climate change
and the use of clean technologies like MMHP . y The legislators and
managers of both private and public sectors should be educated
about power generation using low and zero carbon technologies and
to view power generation as a business opportunity.

Recommendations conty financial intuitions should play a part by
giving loans

to finance MMHP projects .Financial Mechanisms such as revolving
funds, to motivate private entrepreneurs to invest in small hydro
and associated businesses can be launched. y Local and foreign
investors can form partnerships or joint companies that generate
electricity using MMHP, this will go a long way in fulfilling
government s mandate of empowering indigenous Zimbabweans

May god bless you all with sustainable green energy
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