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Introduction 
Universal access to modern forms of energy is still far from being reality in many parts of the developing world.  
Many remote areas – especially small settlements, villages or farms in developing countries - will never be 
connected to a national grid, often due to their remoteness, sparse population and relatively low average 
energy demands.  
 
Decentralized electricity generation options often remain the only viable solution to supply such areas with 
modern forms of energy. They include small diesel generators, solar home systems or small wind systems. But 
all of those technologies have their drawbacks: Diesel fuel use can lead to severe ecological problems. It 
produces noise, air pollution and greenhouse gas emissions, and last but not least is likely to be increasingly 
expensive in the future. Small solar and wind systems are still very expensive in terms of capital costs and 
strongly intermittent.  
 
This introductory case study shall outline the possibilities of using micro hydropower systems for rural village 
electrification and battery charging. Parts of the presented ideas have been preliminarily tested in Indonesia for 
their feasibility. The central ideas behind this proposed system is to provide a cost effective technical solution 
which is easy to install in developing countries and is applicable in a wide range of different settings. Special 
emphasis is put on using proven technology with potentially simple replacement of spare parts, as well as 
simple management and fair distribution of the electrification benefits. 
 

The Proposed System – “Pre-electrification” using micro scale hydropower  
Where there is sufficient hydropower potential, often stand-alone small- and mini-hydropower (SHP and MHP) 
schemes are proposed as off-grid solutions. But often these solutions still require a fairly large investment 
which can rarely be carried by small communities themselves. Conventionally MHPs consist of a static structure 
including a powerhouse, penstocks, forebay, and channel system; making a certain system size necessary to 
justify the costs and construction complexities. On the other hand, small amounts of constantly available 
power (in the range of a few kW) can often make a huge difference in rural secluded areas making hydropower 
solutions attractive that are going below the scale  of conventional SHP and MHP schemes. 
    

General Implementation 
So called pre-electrification

1
 schemes using simple MHP components for the provision of basic energy services 

can be an interesting alternative. The presented solution will only provide an electric capacity of up to 
approximately 10kW – but this amount of energy is often sufficient for basic energy services. Such energy 
services could include an “Energy Station” in the village center as well as a local battery charging station for use 
in private households.  
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 Pre-electrification refers to a concept of providing electrification benefits in areas where conventional grids are not (yet) 

feasible or installed. 

mailto:sebastian.hermann@energy.kth.se


Recharging batteries might not be the most efficient solution to provide energy needs to household but has a 
number of advantages including safety considerations and as well as modularity. Rechargeable batteries are 
already widely used to cover the basic demand for lighting and radio/TV operation in many developing 
countries. Often, villagers carry their batteries a long way to the next town to recharge them. Using the 
available hydropower potential in a village to charge batteries at a central charging station near the homes of 
the potential users therefore seems a viable option to supply energy at low costs in remote areas. The 
mentioned central "Energy Station" could not only be used to charge batteries, but could also provide other 
central energy services. These "energy services" might be various and versatile, depending on the special needs 
of the respective village. Priority should always be given to productive end-uses like processing agricultural 
products or manufacturing goods or local income generation. Were no productive end-uses are possible; 
"energy services" could include telecommunication, refrigeration (possible also for medicine or vaccines) or 
simply entertainment. 
 
Ideally a central charging station is located at some central point where it can be reached by all end-users in a 
relatively short time and keeping the burden (and the hazard) of carrying heavy batteries to a minimum. The 
basic outline of such a scheme is illustrated in the figure below. 

 
 
Obviously, a prerequisite for the application of this scheme is a suitable hydropower site at a reasonable 
distance to the village. The picture above shows a powerhouse, but system sizes of several hundred watts to a 
few kilowatts do not necessarily require a powerhouse. Alternatively, only a "box-like" protection against 
climate, animals and humans might suffice. The power is than transmitted via a power line into the village 
where the "energy station" is situated, which allows charging batteries and provides several other energy 
services as described above.  
 
Behind the idea of using a "central energy station" to provide electricity to a village (in contrast to conventional 
mini-grid systems with power lines to every household), are several technical considerations but also 
considerations concerning the management and the economics of energy distribution. 
 
One major reason for using a central energy station is that energy demand is easily controllable. The station 
can be seen as one large consumer with relatively stable and constant energy consumption.  The constant 
charging of batteries helps creating a stable load, which can flexibly be discontinued in times when other 
energy demands are more important. Ensuring this stable energy consumption makes the design and the 
technical realisation of the whole plant relatively cheap and simple. A hydropower plant with a constant load 
connected to it needs only very few regulating components; therefore, the cost and complexity of the system 
can be kept small.  
 
The proposed scheme has also advantages regarding its management: Energy theft will be nearly impossible as 
all electrical equipment is directly under the control and supervision of the operator at the energy-station. The 



system can create some revenues through the lease of charged batteries. Those batteries would be either 
directly owned by the private households or by the “Energy Center” itself. The latter would have the advantage 
that regular maintenance of batteries is ensured or deep discharge protectors could be installed. Operation 
and maintenance can be carried out centrally by the operator, increasing the lifetime of the system. 

Technical Components 
The figure below illustrates the main technical components of the described MHP pre-electrification scheme. 

 
 
 
Generally, the planned charging station will work similarly to conventional MHP or SHP systems. Some 
technical modifications are required to ensure easy maintenance, repair and management. The system is not 
designed to provide the highest possible efficiency but rather on optimizing costs and operation and to ensure 
its long term reliability. 
 
 

 
 
The figure above gives a more technical representation of the whole pre-electrification system.  
 



Hydraulic System and Turbine: There are a number of different small scale turbines available which can serve 
the purpose described in this brief case study – their suitability depends on site specific consideration 
(discharge and water pressure). Ideally the chosen turbine is of rugged design and should produce an ideal 
speed of 1500 - 1600 RPM to avoid gearboxes when connected to an IMAG
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. The efficiency of the turbine will 

be of lesser concern when working in such small systems. 
 
The Generator: As a simple and cost effective solution it has been found that a simple 3-phase induction motor 
can be used as a generator (IMAG). The IMAG produces electricity at a voltage of 220/380V which can be 
transported over a certain distance to the central charging station without major losses. 
The big advantages of using an IMAG is that these motors are readily available in any country at numerous 
different. Often local workshops are very qualified to repair induction motors making them an easily 
manageable part of the system. An important factor for the IMAG is to withstand high runaway speeds – e.g. 
when loads are disconnected from the systems. Generally holds, that the more rugged the design of the motor 
is the more suitable is seems as an IMAG. 
 

Transmission: Using an IMAG to produce high voltage electricity gives the possibility to transport the energy 
over a certain distance to some location where the electricity can be used far more productively than for 
example near the powerhouse. Although losses can be reduced by placing the “Energy Station” near the 
generator power transmission up to several 100 meters are possible when using appropriately sized cables.   
 
 
Control Equipment: As can be seen in the picture above,  all control equipment (including load control, and 
capacitors (which provide the reactive power for the IMAG) are not located inside the powerhouse but at the 
charging station. The idea behind this concept is to keep all electrical equipment in one place and to minimize 
the technical complexity at the turbine site.  
 
The energy consumption of the charging station should be kept as stable as possible to minimize the need for 
control demand on the system. An electronic load controller (ELC) will be installed at the charging station to 
switch different dumploads to keep the overall load and consequently voltage and frequency stable. The dump 
loads (or load resistor which produce heat) which are switched automatically by the ELC or manually by the 
operator could be even be used for productive or convenient uses like heating of water or drying of agricultural 
products. 
 
The capacitors that provide reactive power to the IMAG are also situated in the charging station. This has a big 
safety advantage, because in an emergency case the capacitors can be quickly disconnected and the whole 
system is shut down immediately. In the very moment the capacitors are disconnected from the IMAG, turbine 
and IMAG are going to run-away speed since no load is connected anymore. This does not pose a big problem 
since these two components will be chosen to withstand certain over-speeds. 
 

Summary 
"Central Energy Stations" can be a promising alternative for regions were no grid will be installed in the 
foreseeable future. Certainly, only the basic energy needs will be served by this kind of "electrification", central 
energy services as well as battery power can bring light and communication to remote areas and could play an 
important role in improving the life of many people around the globe. Hydropower, wherever available, can be 
a cost effective and economically feasible source of such systems. 
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 IMAG: Induction Motor used As a Generator 


