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Small-scale and conduit 
hydropower

Overview
Small-scale hydropower refers to any hydropower plant smaller than 
10 MW, while conduit hydropower refers to generation of electricity by 
placing a turbine within a man-made conduit, such as water pipes or canals. 
The turbine converts the mechanical energy of the pressurised water 
into electrical energy. The potential for conduit hydropower electricity 
generation exists wherever there is high water pressure due to pumping or 
gravity. Site examples would include:

 y where dam water is released into bulk water supply lines,

 y water treatment works where the inlet water source pipeline can  
be tapped,

 y water reservoir inlets where pressure-reducing stations are used,

 y water distribution networks, and

 y treated effluent discharge points

Conduit hydropower falls within the range of pico- to small-scale projects. 
As such, they may not contribute substantially to the national grid, but can 
contribute a significant amount towards a specific site’s local electricity 
demand. For example, conduit a hydropower project at a wastewater 
treatment plant would contribute towards the electricity requirements of 
that plant.

Table 1: Classification of hydropower size

Category Capacity

Pico < 20 kW

Micro 20 – 100 kW

Mini 100 kW – 1 MW

Small 1 – 10 MW

Macro / Large > 10 MW

When considering a hydropower project, there are four important factors 
that will determine project costs and electricity generation potential:

1. Head

2. Flow

3. Penstock (pipeline) length

4. Electricity transmission line length

Hydropower projects are classified according to head: high (>100m), medium 
(30-100m) and low (<30m). In projects with a high head, penstock (pipeline) 
costs dominate, due to the length of the pipe. In projects with a low head, 
turbine costs dominate, due to larger volumes of water at high pressure.

Head: The vertical difference 
in height between the pipeline 
intake and the water turbine. 
The greater the difference, the 
greater the water pressure.
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A South African scoping study (Van Vuuren et al., 20131) indicated that 
there is significant potential for low-head hydropower in urban systems 
(e.g. water distribution networks), irrigations schemes and rivers (e.g. 
small dams and weirs).

There are multiple benefits of small-scale and conduit hydropower:

 y It is considered a renewable resource.

 y It is installed within existing man-made infrastructure, which means 
that only a basic environmental assessment is required rather than 
a full environmental impact assessment; and water licencing is not 
required, because there is already existing lawful use.

 y In the case where it only generates for “own use” (e.g. electricity 
generated by a turbine at a wastewater treatment plant is only 
used in the running of that treatment plant), there are no NERSA2 
licencing requirements.

 y Project payback times are relatively short, mainly due to the 
minimal civil works required when compared to a large hydropower 
projects, as well as low operation and maintenance costs, and the 
rising cost of conventional electricity.

 y If installed in parallel to existing pressure control valves, hydro 
turbines can extend the operational life of these pressure control 
valves due to their reduced use.

 y It is a proven technology with high efficiencies and a long lifespan 
– the standard is 20 years.

Implementation

Feasibility

Each potential hydropower site is unique, since about 75% of the 
development cost is determined by the location and site conditions. 
Only about 25% of the cost is relatively fixed, being the cost of 
manufacturing the electromechanical equipment. This highlights the 
importance of a prefeasibility study. Based on the recommendations of 
a prefeasibility report, a project developer may choose to undertake a 
full feasibility report.

A prefeasibility report will cover:

 y Site description and data (e.g. flow rates)

 y Design concept

 y Modelled design results (e.g. plant output)

 y Grid connections details (location, cost, line length, etc.)

 y Infrastructure costs

1  Van Vuuren, Loots, Van Dijk & Barta (2013) Scoping study: Energy generation 
using low head hydro technologies, WRC Report no KV 323/1.

2  National Energy Regulator of South Africa

In contrast to conduit hydropower, 
large hydropower projects are 
usually not considered as a 
renewable source, due to the 
negative socio-economic and 
environmental consequences 
of the building of a large dam, 
e.g. displacement of people, 
loss of agricultural land, etc.

Figure1: Main turbine types

Impulse: Converts kinetic (movement) energy into 
mechanical energy. Examples: Pelton, Turgo and 
cross-flow turbines.

Reaction: Converts pressure energy to mechanical 
energy. Examples: Francis, Kaplan and propeller 
turbines.

Source: Culwick & Bode (2011) City of Cape Town 
mini hydro feasibility design.
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Useful tool
RETScreen International Clean 
Energy Project Analysis Software 
is a tool specifically aimed at 
facilitating pre-feasibility and 
feasibility analysis of clean 
energy technologies, including 
conduit hydropower. It reduces 
the time and cost associated with 
preparing pre-feasibility studies.

 y Financial modelling (based on capital and operational expenditure, 
funding, interest, energy produced, etc.)

 y Conclusions and recommendations (e.g. recommendation of sites / aspects 
to be investigated in a feasibility report)

Costs and contracting

The major cost components in a hydropower project are: 

1. Civil, e.g. earthworks, water conveyance infrastructure, power house 
construction.

2. Mechanical and electrical, e.g. turbine and generator.

3. Electrical, e.g. grid connection and grid infrastructure.

Usually a construction contract is required for each of the above 
components, with the balance of the plant contract held with the civil 
contractor.

In cases where the conduit hydro technology is installed in municipal 
infrastructure, the generation of electricity can be carried out by a Public 
Private Partnership in which the municipality will own the generators, but 
the cost of all other equipment and the costs of operation and maintenance 
will be borne by a private sector partner.

Financing

Due to the very low profile of conduit hydropower development in South 
Africa over the last two decades, there are no defined approaches and 
methods for financing of these types of projects.

The easiest methods of financing are balance sheet or corporate financing, 
but this would require sufficient up-front funds, which is often not the 
case. Limited-recourse financing is an option if a project owner does not 
have adequate funds, or assets to provide security for a bank loan, and the 
project developer does not want to shoulder all the risk. It takes the form of 
securing a loan against an anticipated cash flow (i.e. the sale of electricity 
produced by the hydropower plant or the anticipated savings realised 
by not having to use grid electricity). This requires complex, contractual 
agreements, which can be expensive.

In the case of limited-recourse financing, the lender would wish to exercise 
tight control over the project, including contracting and insurance, 
amongst others. They would require an independent technical report of 
the project; will check any power purchase agreements (PPAs), operating 
and shareholder agreements; and would prefer contractors with a good 
track record. Risk can be reduced by using a contractor working on a 
turnkey fixed-price basis or signing long-term PPAs with secure off-takers. 
Lenders may step in to operate the project, if it is not paying its debts.

As a result of the capital-intensive nature of conduit hydropower projects, 
the debt-equity ratio and interest rate are very important considerations.
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Risks and solutions

Risk Solution / best practice

Water supply disruption during installation 
and / or disruption of water / wastewater 
treatment works operations.

The turbine must be flexible (large operating ranges), 
so as not to impact the water / wastewater plant.

A bypass may be required to guarantee the 
functioning of the plant while the turbine is being 
installed and when the turbine is not working 
(e.g. when it is down for maintenance).

The generation of electricity must never take 
precedence over the supply of water and must not 
negatively influence the cost of water to the ratepayers.

Water contamination. Consider the corrosion and abrasive behaviour of 
materials used in the turbine. All parts that are in 
contact with the water should be stainless steel. 
Actuators should be electronic, rather than oil.

Potential legal and contractual repercussions 
when the water conduit operations are changed 
in the case where the hydro plant is owned 
by a separate entity, e.g. in the case where a 
private entity is the owner of the hydropower 
plant, they may lose out on electricity sales 
revenue if the city changes the operations / 
management of its water treatment plant.

This can be mitigated by compensation clauses 
in the contracts or avoided altogether if the 
municipality (rather than a third party) is the 
full owner of the conduit hydropower plant.

Municipal Initiatives
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Case study 1: City of Cape Town

The potable water supply to the Cape Town metro area occurs principally through gravity mains. The kinetic and 
potential energy of the water is harnessed by four conduit hydropower sites, some of which were installed as early 
as the 1950s. Five percent of the City’s internal operations’ electricity demand is met through conduit hydropower 
at its bulk water treatment plants. The conduit hydropower turbines at both the Faure and Blackheath water 
treatment plants were designed to meet the entire plants’ electricity demand. The hydropower reduces the cost 
of potable water supply.

Table 2: Micro-hydro electricity generation by the City of Cape Town, 2012

Location Type Turbine 
capacity (kW)

Total turbine production 
/ annum (kWh)

Wemmershoek water treatment plant 2 x Francis 130 x 2 2,163,720

Blackheath water treatment plant 1 x Turgo 712 5,825,400

Faure water treatment plant 1 x Turgo 1,475 12,274,950

Steenbras water treatment plant 2 x Turgo 179 x 2 2,829,480

Total 2,775 23,093,550

Source: City of Cape Town, 2012

The technical and financial feasibility of additional conduit hydropower sites in Cape Town was assessed in 2011 
(Culwick, L. & Bode, C., 20113). The report indicated a total electricity generation potential of 35 GWh per annum at 
an average levelised cost of 0.38 R/kWh.

Case study 2: EThekwini 
Metropolitan Municipality

Durban’s steep topography and resultant high water pressure in its water distribution system provide ideal 
opportunities for conduit hydropower. The water pressure has to be dissipated at reservoir inlets through the use 
of pressure control / reducing valves to avoid damage to pipe inlets. A conduit hydropower system, installed in 
parallel to the pressure control valves, will assist in pressure dissipation; extending the life of the valves, as they 
would only be in use when the turbine is not operational.

EThekwini Municipality undertook a scoping exercise to locate suitable pressure control valves and break pressure 
tank locations for turbines, after which an invitation to tender was sent out for the feasibility, design and installation 
of conduit hydropower turbines.

3 Culwick & Bode (2011) City of Cape Town mini hydro prefeasibility design: A techno-economic assessment of the potential for 
the development of hydroelectric plants at eight sites in the CCT Bulk Water System.



242

Municipal Initiatives

Table 3: EThekwini conduit hydropower generation potential

Name of reservoir Size of hydro turbine (kW)

Theomore reservoir 71

Stone Bridge Drive reservoir 104

Umhlanga Rocks reservoir Between 26 and 177

Yellowfin and Escolar reservoir Between 26 and 177

Avocado and Pomegranate reservoir Between 26 and 177

It is envisaged that the electricity generated would 
contribute towards the reservoirs’ electricity needs, 
with the remainder exported to the municipal grid. 
Initial indications are an expected payback of 14-15 
years, with a 5.7% return over 20 years.

Given that conduit hydropower is not a core function 
of the City, a team was put together drawing on 
staff from all relevant departments across the water 
and sanitation and electricity units.

Case study 3: KwaMadiba, 
Mhlontlo Local Municipality

The Department of Science and Technology (DST) launched an initiative called the Innovation Partnership for Rural 
Development Programme (IPRD); aimed at value-addition to 23 district municipalities targeted by the national 
Department of Rural Development and Land Reform in response to the government’s action plan for scaling up 
rural development programmes, including investment in rural areas.

The DST appointed the Water Research Commission (WRC) to showcase and test a suite of water, sanitation, micro-
hydroelectric power and smart geyser technology solutions at municipal demonstration sites.

The WRC contracted the Water Division of the Civil Engineering Department of the Faculty of Engineering, Built 
Environment and Information Technology of the University of Pretoria to conduct research within the IPRD 
Programme on “Building Capacity for the Implementation of Small-Scale Hydropower Development for Rural 
Electrification in South Africa”.

From this research the KwaMadiba small-scale hydropower plant was developed. It is a small-scale run-of-river 
hydropower scheme that will supply a constant electricity supply to the KwaMadiba community. The launch date 
was April 2017.

Figure 2: Organogram of the eThekwini Municipality’s 
hydro team
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Table 4: Entities involved in the KwaMadiba conduit hydropower plant

Developer / funder The Department of Science and Technology and the Water Research Commission

Designer Water Division, Civil Engineering Department, University of Pretoria

Owner Mhlontlo Local Municipality

Table 5: KwaMadiba conduit hydropower plant specifications

Technical

Design flow rate 150 lit/s

Design head 48.8 m

Design power output 50.0 kW

Head race length 42 m

Penstock length 116 m

Transmission line length 1140 m

Number of household connections 51

Socio-economic

Total cost R 4,920,000

Internal Rate of Return (IRR) 9.7%

Levelised cost of energy 102.58 c/kWh

Households benefited 51

Persons actively involved on the project 76

Temporary employment opportunities created 32

Building material locally sourced 80%

Figure 3: KwaMadiba containerised turbine unit placed at the end of the penstock 

Source: Van Dijk (2016) KwaMadiba small-scale hydropower plant (Unpublished).
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Challenges and lessons learnt
There were numerous stakeholders and entities on the project; posing challenges in communication, approvals and time 
schedules. Clear channels of communication among stakeholders need to be agreed upon from the inception phase.

The site terrain was extremely difficult for construction and there were construction access challenges at the site.

Figure 4: Drilling the penstock opening 

Source: Van Dijk (2016) KwaMadiba small-scale hydropower plant. Unpublished.
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Case study 4: Boegoeberg, 
!Kheis Local Municipality

The Department of Science and Technology (DST) funded the University of Pretoria to develop a kinetic 
hydropower installation in !Kheis Municipality (ZF Mgwawu District, Northern Cape), as part of the second phase 
of the DST’s Innovation Partnership for Rural Development Programme. The Boegoeberg irrigation canal proved 
a good fit for this pilot project, as existing infrastructure could be used to add value to the municipality in terms 
of energy production.

Table 6: Entities involved in the !Kheis conduit hydropower plant

Developer / funding The Department of Science and Technology and the Water Research Commission

Designer Water Division, Civil Engineering Department, University of Pretoria

Owner !Kheis Local Municipality

Figure 5: Turbine used in !Kheis Boegoeberg canal conduit hydropower project

Source: Van Dijk (2016) !Kheis small-scale kinetic hydropower plant (Unpublished).

Figure 6: Placement of hydropower turbine in Boegoeberg irrigation canal

Source: Van Dijk (2016) !Kheis small-scale kinetic hydropower plant (Unpublished).
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Figure 7: Flow measurements at the !Kheis Boegoeberg canal 

Source: Van Dijk (2016) !Kheis small-scale kinetic hydropower plant (Unpublished).

The electricity produced will be used to power a part of the Groblershoop water treatment works, thus decreasing 
electricity costs for the municipality. The project will be completed and connected in May 2017. This pilot project 
falls in line with the newly gazetted draft policy on sustainable hydropower generation by the national Department 
of Water and Sanitation.

Table 7: !Kheis conduit hydropower plant specifications

Technical

Design flow rate 11.5 m3/s

Design flow velocity 2.6 m/s

Generating capacity per unit 4 kW

Total transmission length 650 m

Total number of turbines 7

Total energy generation 28 kW

Economic

Total Cost R 2,184,000

Internal Rate of Return (IRR) 12.13%

Levelised Cost of Energy 84.8 c/kWh

Annual generation potential 218,500 kWh/a

Challenges and lessons learnt
 � Receiving approval from 

stakeholders and entities slowed 
the project significantly.

 � The importing costs were high,  
as products were not available in  
South Africa.

 � Implementation is fairly 
straightforward, but legislative 
procedures and bylaws (and the 
incurred costs and time thereof), 
may create a challenge to 
small-scale project feasibility. 

 � Major issues included the prevention 
of theft and the prevention of 
possible injuries to children 
swimming in the canal section.

 � The support from the !Kheis 
Municipality was essential for 
the success of the project.
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