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1 Introduction

1.1  Background

Norway'’s history of hydropower is a long one. Most
power plants in Norway were built before 1990 and
more than 200 km of associated tunnels were exca-
vated by TBMs from the late 1960s to the early
1990s, in what was Norway’s biggest hydropower
era. With a yearly production of 135 terawatt hours
(TWh), distributed across more than 1,600 hydro-
electric power plants, the production capacity covers
more than 94% of the total electricity usage in the
country.

When many Norwegian rivers, streams and water-
falls were ‘tamed’ for hydropower, public resistance
grew against hydropower projects. In the mid-1990s,
then Norwegian Prime Minister Jens Stoltenberg
declared that the era of big hydropower construc-
tion was over.

Nevertheless, Norwegian topography and water
resources still gave major potential for hydropower,
especially if a solution with less impact on the envi-
ronment could be found. One of these solutions
included small hydropower projects.

The Norwegian Tunnelling Society (NFF) has shared
two publications about hydropower earlier:
Publication #03 Hydropower Tunnelling (1985) and
Publication #22 Norwegian Hydropower Tunnelling
Il (2013).

In this publication we will focus on small hydropower
projects, we will address why they are an effective
way of generating electrical energy. We will also

share tips and tricks we have found through several
decades with development of this concept.

1.2 Definitions

1.2.1 Small Hydropower Plants

In Norway the definition of small hydropower plants
is hydropower plants with an installed capacity of
less than 10 MW. We know that other countries have
other definitions.

In this publication, the Norwegian definition will be
used when referring to numbers and prevalence of
small hydropower plants. However, we have included
project examples with installed capacity up to 50
MW since we believe they give the reader a broader
range of experience to build their knowledge from.

1.3  Why Small Hydropower Plants

There are currently more than 1,300 small hydro-
power plants operating in Norway with an installed
yearly production of 11 TWh. The small hydro share
of the total power production is currently around
8 percent (see Figure 11.).

The local impact on the environment for these small
projects is generally lower than on larger hydro-
power projects: construction is cost-efficient and
faster, and the initial investment required is lower.
The widespread availability of locations where these
projects can be built also offers plenty of opportuni-
ties for value generation across all parts of the country
(Smakraftforeninga, 2016).

m Large hydro with
reservoirs
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river
® Small hydro

= Wind power

® Thermal

Figure 1.1. Power production by percentage in Norway (Normal year, OED, 2019).
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2 The Construction of Small Hydropower Plants

2.1 Introduction to Construction

A significant amount of the existing Small
Hydroelectric Power Projects (SHEPPs) has been
constructed either with pipes on the surface or by
trenching. In recent years, it has been a general
trend that larger parts of these SHEPPs are built in
tunnels, either due to the topography or in an effort
to reduce the environmental impact. Most of the
Norwegian SHPP’s are typically run-off the river pro-
jects with relatively high head (larger than 250
meters). The discharge is normally in the range of 1
to 10 m3/sec, which requires quite small diameters
for the tunnels, shafts and penstocks.

The traditional penstock above ground, or buried in
a ditch, will normally be the cheapest and the less
time-consuming solution. However, the governmen-
tal requirements and the topographical conditions
may require alternative solutions. In Norway the
governmental environmental requirements normally
do not allow for a penstock above ground. In some

06/17/2005.09:52

projects, the topographical conditions do not allow
construction of a buried penstock due to steeply
inclined slopes with exposed rock, or risk of land-
slides. Then, the alternative solution with tunnel and
shaft may be relevant. These governmental and
topographical conditions are also relevant in other
countries, and the “Norwegian solution” may be an
alternative. During the last 10 years Sweco Norge AS
has designed tens of small hydropower projects with
tunnel and shaft solution. In most of these projects
the power house has been constructed above
ground, but it might also be possible to design and
construct an underground power house located in a
rock cavern.

2.2 Alternative Waterways

In the following, different and most common solu-
tions for underground waterways (tunnel and shaft)
are described. A combination with surface solutions
can also be possible or preferable. Typical alternative
design of the waterway is illustrated in Figure 2.2.

Figure 2.1. Installation of penstock in dich (Photo: Werner Stefanussen).
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Figure 2.2. Alternative design with inclined shaft and unlined pressure headrace tunnel (Ref).

E6 Kvaenangsfijellet

Arctic expertise
in tunneling and
mining

LNS is a turnkey contractor specializing in projects in the
arctic and polar regions. Our competent and committed
employees are our most important asset and together
we always seek the best solutions for our clients. We are
at the forefront utilising new technology and we work
proactively to improve our systems.

The LNS Group provides:

Tunnels and rock caverns

Mining

Rock support and injection

Concrete structures

Road builiding

Earthworks

Production of modules and wood elements
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