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CHAPTER I - 1 

1 INTRODUCTION 

1.1 HOW THE IDEA OF THIS GUIDE WAS 
BORN 

The idea of this guide was born in 1998 after 
the completion of a small hydropower plant in 
the northern part of Italy (Rino small hydro-
power plant): this plant was realised inside an 
area particularly sensitive from the environ-
mental point of view,  Adamello  Natural Park; 
the choices made during the design stage were 
the result of a close examination of the envi-
ronmental problems connected with the realisa-
tion in a park and were agreed upon with the 
relevant authorities, especially the mitigation 
and compensation measures. 

Thanks to its innovation and its peculiarity, 
the project received the financial support of the 
European Commission within the  THERMIE  A 
programme. 

The experience acquired in the plant realisa-
tion, the results achieved, especially in terms of 
acceptability of a small hydropower plant in a 
sensitive area and in terms of collaboration with 
the relevant authorities and, last but not least, 
the appreciation by environmental officers of 
the adoption of the multi-criteria analysis for the 
environmental impact assessment, suggested to 
the authors the idea of creating a tool to favour 
the discussion about the environmental impact 
of small hydropower plants on as objective as 
possible basis and of placing the said experience 
acquired at disposal of both small hydropower 
plants designers and public officers in charge of 
authorisation issuing. 

The results is the present guide prepared 
within the frame of the  THERMIE  B Programme - 
project nr. DIS/2037/98-IT and at now included 
in 51̀  Framework Programme. 

The guide, especially with reference to the 
structure of chapter 5, widely utilises the results 
and the general lines set out in the project nr. 
4.1030/z/97-010 "Ecological evaluation criteria 
in case of hydropower projects referring to the 
EU-EMAS regulation" carried out within the 
ALTENER programme. 

1.2 WHY A GUIDE TO ENVIRONMENTAL 
IMPACT ASSESSMENT OF SMALL HY-
DROPOWER PLANTS 

Everyone working in the small hydropower 
field knows how many obstacles are put on the 
road of the implementation of a small hydro-
power plant. One of the highest ones is repre-
sented by the environmental impacts connected 
to the construction and operation of a small hy-
dropower plant. 

The guide is meant to be the contribution, 
based on real experiences, of the people who 
work in the renewable energy source field to a 
correct facing the environmental problems by 
means of: 

Suggestion of typical and well tried method-
ologies to reduce environmental impact both 
in the design and construction phase. 
Evaluation of the actual benefits brought to 
environmental parameters, but to technical 
and economical parameters too, by the ac-
tions devised to improve the project. 
Sensitivity analysis, in order to give the de-
signer precious directions about the parame-
ters which mainly influence the project from 
every standpoint (technical, economical, en-
vironmental). 
As at the roots of whatever choice (design, 

construction and authorisation issuing choice) 
the analysis of the environmental impact is pre-
sent - analysis always complex and often too 
subjective - a large part of the work carried out 
has been devoted to the implementation of a 
analysis system which could meet the following 
criteria: 

Objectivity, that is inter-subjective verifi-
ableness; 
Capability in analysing complex phenomena; 
Contemporary acceptability by environmen-
talists, investors and officers in charge of 
authorisation issuing; 
Compatibility with the main evaluations 
methods already used and usually less com-
plex than the here proposed one. 

The most important aim of the guide is in 
fact to supply a mean as objective as possible to 
carry out Environmental Impact Assessment, 
based on objective criteria linked to measurable 
quantities (energy, velocities, areas, volumes 
and so on) in order to avoid any unacceptable, 
arbitrary or too subjective evaluation. 

This aim has been achieved by means of 
the multi-criteria analysis. 
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This method allows to compare on a ob-
jective basis different design solutions, in-
cluding the so called "zero alternative", (that 
is no small hydropower plant realisation). The 
method is based on the definition of a list of 
criteria (economical, technical, environmental 
and so on) and in assigning to each of them a 
weight chosen by the evaluator. A suitable 
mathematical model compares in many differ-
ent ways both the weighted and the not 
weighted criteria. The fmal result is a series of 
indexes, including a global one, which allows 
the evaluator to know which project is the best 
from the environmental point of view. Obvi-
ously different evaluators choose different 
weights for the same criteria (the ecologist 
will give high weight to environmental crite-
ria, the investor to the economic ones and so 
on), but the principle of the method is to sup-
ply a first objective basis for a further deeper 
discussion. 

1.3 WHY A SOFTWARE TO ENVI-
RONMENTAL IMPACT ASSESSMENT OF 
SMALL HYDROPOWER PLANTS 

The multi-criteria analysis is a method rather 
complex to be used without the aid of a specific 
software to make calculations. The great num-
ber of the criteria usable in a close enough ex-
amination of the environmental problems con-
nected to a small hydropower plant realisation 
requires the creation of a software to help de-
signers and evaluators carry on a meaningful 
and satisfactory analysis of the problem. 

The implementation of specific software to 
carry out Environmental Impact Assessment by 
means of the multi-criteria or multi-dimensional 
analysis as above described was another aim of 
the work carried out. 

A fundamental tool included in the software 
is the possibility to carry out sensitivity analysis 
of the indexes coming from the multi-criteria 
analysis. So you can immediately see which 
project is the best when the value of the weight 
of each group of criteria (economical, technical, 
environmental) varies. 

Another interesting characteristic of the work 
is to make immediately evident which parame-
ters are to be varied to make the small hydroe-
lectric plant more easily acceptable from the en-
vironmental point of view. So, for example, if 
the multi-criteria analysis shows that, keeping 
the weights constant, the height of the diversion 
works or the reduction in water velocity are the  

parameters which make the project undesirable 
with respect of other design solutions, you can 
see how you must modify these parameters to 
reach a major environmental acceptability. 

1.4 WHO THE GUIDE AND THE SOFTWARE 
ARE INTENDED FOR 

The guide and the software are intended for 
both designers and competent authorities deal-
ing with small hydropower plants problems. 

The guide supplies to designers a tool to 
evaluate the environmental effects of the 
choices made in order to allow the adoption of 
the mitigation and compensation measures nec-
essary to improve the acceptability of small hy-
dropower plants from the environmental stand-
point. 

The creation of a tool which could represent 
a common objective basis for the discussion on 
environmental problems of the small hydro-
power plants was the main intention of the 
authors: they hope that competent authorities 
can introduce this tool in their evaluation proce-
dures in order to achieve a better transparency in 
decision making and to allow a deeper discus-
sion on small hydropower plants which in spite 
of everything by now represent one of the most 
important renewable energy sources and which 
are worthy of better consideration. 

1.5 STRUCTURE OF THE GUIDE 
First of all, in chapter 2 the guide briefly de-

scribes the main characteristics of the small hy-
dropower plants, with particular care to those 
elements which have a major effect on envi-
ronment. This description is principally intended 
for layman and it hasn't any claims to be ex-
haustive, but it wants only to introduce the 
matter. 

Secondly, a short walk into environmental 
impact assessment is taken in chapter 3, in order 
to define its main general characteristics. 

Then the elementary actions connected to the 
realisation of a small hydropower plant are more 
closely examined in chapter 4. 

Chapter 5 deals with the description of the 
predefined criteria proposed in the software to 
describe by means of measurable quantities the 
actions and impacts qualitatively stated in 
chapter 4. 

Chapter 6 supplies a description of the tech-
nologies suitable to reduce the negative impacts 
paying particular attention to the bioengineering 
methods and the multipurpose use of the water 
resources. 
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The following chapters are devoted to de-
scribe the method used for the environmental 
impact assessment of small hydropower plants, 
that is the multi-criteria analysis. At first some 
general information about the algorythms in-
volved is given; then, even to describe the use of 
the software implemented to facilitate the as-
sessment, a real example is fully developed and 
commented. 

1.6 FEW WORDS ABOUT THE AUTHORS 
Fabrizio MAZZETTO is Associate Professor of 
Agricultural Machinery and Mechanisation at 
the University of Milan. Graduated in Agricul-
tural Sciences, he then achieved an Agricultural 
Engineering PhD degree carrying out researches 
on the use of renewable energy technologies in 
agriculture. Besides energy problems, his re-
search activities now deals with development of 
mathematical models and decision support sys-
tems for farm machinery selection and use; 
automation of field operation and precision 
fanning practices. 

His work is documented by about 120 published 
papers. 

Luigi PAPETTI is a chemical and hydraulic 
engineer graduated at Politecnico of Milan. He 
joined Studio Frosio in 1990 and since then is 
involved in small hydropower plants design and 
supervision paying particular attention to the 
environmental problems. 

Bernhard PELIKAN is Professor at "Depart-
ment of Water Management, Hydrology and 
Hydraulic Engineering" at the „University of 
Natural Resources", Vienna, Austria. He is also 
a Judgement expert of hydropower exploitation 
and flood protection and Senior expert of the 
"Austrian association promoting small hydro 
power". 

He deals with problems connected with wa-
ter resources exploitation, small hydropower 
and related specific environmental problems 
since 1980. 

In 1998 he was appointed Extraordinary 
University Professor. 
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2 THE SMALL HYDRO 
PLANTS 

2.1 FOREWORD 
In this chapter we at first try to give a defini-

tion of small hydropower plant and of the dif-
ferent scheme typologies. Then we take a short 
walk into the main elements of a small hydro-
power plant, with particular reference to those 
ones which affect the environmental impact. A 
more detailed description of the elements con-
stituting a small hydropower plant can be found 
in the "Layman's Guidebook on how to develop 
a small hydro site" available on the web site: 
http://europa.eu.int/en/comm/dg17/public.htm  
of the European Commission. 

2.2 DEFINITIONS 
There is no consensus in European Union on 

the definition of small hydropower. Some 
countries as Portugal, Spain, Ireland and now 
Greece and Belgium accepted 10 MW as the 
upper limit for the installed capacity. In Italy the 
limit is fixed at 3 MW. In France the limit is 
established at 8 MW and UK favour 5 MW. 
Hereunder any scheme with installed capacity of 
10 MW or less will be considered as small. This 
figure is adopted by five member states, the 
European Commission and UNIPEDE (Interna-
tional Union of Producers and Distributors of 
Electricity). 

ESHA (European Small hydropower Asso-
ciation) has fmally stated the following defini-
tions, referred to the installed capacity at the 
plant: 

Micro hydro plants up to 100 kW 
Mini hydro plants up to 500 kW 
Small hydro plants up to 10,000 kW 

From the technical standpoint, this definition 
is certainly acceptable, but from an economical 
and environmental point of view a size up to 10 
MW could raise serious perplexities. 
Suffice it to think especially of many existing 
low head schemes to point out that large weirs 
or basins with a remarkable environmental im- 

pact make it difficult to accept a definition of 
small hydro based on installed power only. 

2.3 TYPOLOGIES 
Small hydroelectric plants, but large too, 

could be divided in three main categories, de-
pending on the different use of water, which 
heavily affects their technical and environ-
mental characteristics: 

Run-of-river plants 
Pondage plants 
Reservoir plants 

Hereunder the definition stated by IEC (In-
ternational Electrotechnical Commission) is re-
ported. 

A run-of-river hydro plant uses the river flow 
as it occurs, the filling period of its own res-
ervoir by the cumulative water flows being 
practically negligible. The most part of small 
hydropower plants are run-of-river plants be-
cause of the high construction cost of a res-
ervoir. 
A pondage hydro plant is a plant in which 
the filling period of the reservoir based on 
the cumulative water flows permits the stor-
age of water over a period of a few weeks at 
the most. In particular, a pondage hydro 
plant permits the cumulative water flows to 
be stored during periods of low load to en-
able the turbine to operate during high load 
periods on the same or following days. Some 
small hydropower plants fall in this typol-
ogy, especially high head ones with high in-
stalled capacities (> 1.000 kW). 
A reservoir hydro plant is a plant in which 
the filling period of the reservoir based on 
the cumulative water flows is longer than 
several weeks. It generally permits the cu-
mulative water flows to be stored during the 
high water periods to enable the turbine to 
operate during later high load periods. As the 
operation of these plants requires the con-
struction of very large basins, no small hy-
dropower plant practically fall in this typol-
ogy. 

2.4 STRUCTURES FOR WATER STORAGE 
AND WATER DIVERSION 

DAMS 
The dam is a fundamental element in the 

conventional hydraulic schemes, where it is 
used to create a reservoir to store water and to 
develop a head. In a relative flat terrain a dam, 
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by increasing the level of the water surface, can 
develop the head necessary to generate the re-
quired energy. The dam can also be used to 
store, during the high flow seasons, the water 
required to generate energy in the dry seasons. 
Notwithstanding, due to the high cost of the 
dam and its appurtenances, they are seldom used 
in small hydro schemes. 

If the scheme is connected to an isolated net 
and if the topography is favourable, a dam can 
be included to store excess water when the flow 
is high or the demand low to make it available at 
times of low flow or increased demand. 

Where a reservoir built for another purpose - 
irrigation, water abduction to a city, flood regu-
lation, etc. - already exists, it can be used by 
constructing a plant at the base of the dam to 
turbine the compatible water flows. 

WEIRS 
The large majority of small hydro schemes 

are of the run-of-river type, where electricity is 
generated as far as a discharge larger than a 
minimum — the minimum required to operate 
the turbine - flows by the watercourse. In these 
schemes a low diversion structure is built on the 
streambed to divert the required flow whilst the 
rest of the water continues to overflow it. When 
the scheme is large enough, this diversion 
structure becomes a small dam, commonly 
known as a weir, whose role is not to store the 
water but to increase the level of the water sur-
face so the flow can enter the intake. 

According to the ICOLD (International 
Committee of Large Dams) a dam is considered 
"small" when its height, measured from its 
foundation level to the crest, does not surpass 15 
m, the crest length is inferior to 500 m and the 
stored water is under 1 million cubic meters. 
These parameters are important, reckoning the 
complicated administrative procedures associ-
ated with the construction of large dams. The 
large majority of small dams equipping small 
hydro schemes are of the gravity type, com-
monly founded on solid rock and where the sta-
bility is due to its own weight. If the dam is less 
than 10 m high it can be built on earth founda-
tions, but allowable stresses must not be ex-
ceeded and the possibility of piping due to seep-
age under the dam must be minimised, through 
the use of aprons or cut-offs. 

SPILLWAYS 
In countries like the south of Europe, with a 

clear difference between dry and wet season 
flows, flood flows can have catastrophic effects  

on whatever structure is built in the stream. To 
avoid damage the excess water must be safely 
discharged over the dam or weir. For this reason 
carefully designed overflow passages are incor-
porated in dams as part of the structure. These 
passages are known as "spillways". Due to the 
high velocities of the spilling water, some form 
of energy dissipation is usually provided at the 
base of the spillway. 

The commonest type of spillway is the over-
flow gravity type. Basically it is an open chan-
nel with a steep slope and with a rounded crest 
at its entry. To minimise the pressure on the sur-
face of the spillway the profile of the crest 
should follow the same curve as the underside 
of the free-falling water  nappe  overflowing a 
sharp crest weir. This trajectory varies with the 
head, so the crest profile is the right one only for 
the design head. 

Shaft or "glory hole" spillways are rarely 
used in small scale-hydro. A shaft spillway in-
corporates a funnel-shaped inlet to increase the 
length of the crest, a flared transition which con-
forms to the shape of the  nappe  as in the over-
flow spillway though it is sometimes stepped to 
ensure aeration, a vertical shaft and an outlet 
tunnel that sometimes has a slight positive slope 
to ensure that at the end it never flows full. 

ENERGY DISSIPATORS 
The discharge from a spillway outlet is usu-

ally supercritical and so may produce severe 
erosion at the toe of the dam, especially if the 
streambed is of silt or clay. To avoid such dam-
age, a transition structure known as a stilling ba-
sin must be constructed through the formation 
of a hydraulic jump, where the water flow 
changes from supercritical to subcritical. 

LOW LEVEL OUTLETS 
Low level outlets in small hydropower 

schemes are used to perform, together or inde-
pendently, the downstream release and the 
evacuation of the reservoir, either in an emer-
gency or to permit dam maintenance. In general 
a low level-conduit with a cone valve at the exit 
or a sliding gate at the inlet is enough to perform 
both functions. At the exit, if the flow is super-
critical, the provision of energy dissipators 
should be considered. 

2.5 WATERWAYS 

INTAKE STRUCTURES 
The Glossary of Hydropower Terms — 1989 

defines the intake as "a structure to divert water 
into a conduit leading to the power plant". 
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Following the ASCE Committee on Hydro-
power Intakes, the water intake is defined as a 
structure to divert water to a waterway — not 
specifying what type of waterway: a power 
channel or a pressure conduit — and reserving 
the word forebay or power intake to those in-
takes directly supplying water to the turbine, via 
a penstock. 

A water intake must be able to divert the re-
quired amount of water into the power canal or 
into the penstock without producing a negative 
impact on the local environment and with the 
minimum possible head loss. The intake serves 
as a transition between a stream that can vary 
from a trickle to a raging torrent, and a con-
trolled flow of water both in quality and quan-
tity. Its design, based on geological, hydraulic, 
structural and economic considerations, requires 
special care to avoid unnecessary maintenance 
and operational problems that cannot be easily 
remedied and would have to be tolerated for the 
life of the project. 

A water intake designer should take three 
criteria into consideration: 

Hydraulic and structural criteria common to 
all kind of intakes. 
Operational criteria — e.g. percentage of di-
verted flow, trash handling, sediment exclu-
sion, etc. that vary from intake to intake. 
Environmental criteria — fish -diversion sys-
tems, fish passes — characteristics of each 
project. 
Notwithstanding the large variety of existing 

intakes, these can be classified according to the 
following criteria: 

The intake supplies water directly to the tur-
bine via a penstock. This is what is known as 
power intake or forebay. 
The intake supplies water to other waterways 
— power canal, flume, tunnel, etc. that usu-
ally end in a power intake. It is known as a 
conveyance intake. 
The scheme doesn't have any conventional 
intake, but make use of other devices, like 
siphon intakes or "French intakes" that will 
be described later on. 

In the multipurpose reservoirs - built for irri-
gation, drinking water abstraction, flood regula-
tion, etc. the water can be withdrawn through 
towers with multiple level ports, permitting se-
lective withdrawal from the reservoir vertical 
strata or through bottom outlets. 

POWER INTAKES 
The power intake is a variant of the conven-

tional intake, usually located at the end of the 
power canal, although sometimes it can substi-
tute it. Its hydraulic requirements, by the fact 
that it has to supply water to a pressure conduit 
— the penstock — are more stringent that those of 
a conveyance intake. 

In the small hydropower schemes, even in 
the high head ones, water intakes are horizontal, 
followed by a curve to an inclined or vertical 
penstock. The design differs if the horizontal 
intake is component of a high head or a low 
head scheme. 

In low head schemes a good hydraulic design 
— usually more costly than a less efficient one — 
makes sense, because the head loss through the 
intake is comparatively larger related to the 
gross head. In high head schemes, the value of 
the energy lost in the intake will be small rela-
tively to the total head and the cost of increasing 
the intake size to provide a lower intake velocity 
and a better profile may not be justified. 

MECHANICAL EQUIPMENT 
One of the major functions of the intake is to 

minimise the amount of debris and sediment 
carried by the incoming water, so trashracks are 
placed at the entrance to the intake to prevent 
the ingress of floating debris and large stones. A 
trashrack is made up of one or more panels, fab-
ricated from a series of evenly spaced parallel 
metal bars. If presumed that the watercourse in 
the flood season may entrain large debris, is 
convenient to install, ahead of the ordinary grill, 
a special one, with removable and widely 
spaced bars. 

When the river entrains heavy debris, float-
ing booms located ahead of them complement 
trashracks. The simplest boom consists of a se-
ries of floating pieces of timber connected end 
to end with cables or chains. However modern 
booms are built with prefabricated sections of 
steel and plastic supported by steel cables. Its 
location is critical, because its inward bowed 
configuration does not lend itself to a self-
cleaning action during flood flows. 

A horizontal platform above high-water level 
should be provided to facilitate the cleaning op-
eration. On unattended plants operated by re-
mote control, mechanical rakers must be used. 
The mechanical raker can be designed to be 
triggered either on a timed basis or on a head 
differential basis. The second one uses a sensor 
to detect the drop in head across the trashrack. 
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An accumulation of trash on the trashrack cre-
ates an increased differential head across the 
trashrack. The raker begins when a predeter-
mined differential head is reached. 

SEDIMENT MANAGEMENT AT INTAKES 
Location of intakes is particularly important 

in this respect. Open channels have a tendency 
to deposit sediments on the inner sides of bends, 
but when the intake is located at the outer side 
of the bend floodwaters may damage it. To pre-
vent this problem, the best solution is locating 
the intake structure along a relatively straight 
section of the river. Designing an intake for 
sediment exclusion can be a noxious approach 
to permit small fish protection. For example 
limiting the velocity at the screen approach to 
permit small fish to escape can result in deposi-
tion of sediments up to the point of blocking the 
entrance. Locating the intake entrance on a non-
erosionally bedrock streambed would prevent 
the sediment's entrance but the construction 
costs will be increased. 

GATES 
In every small hydropower scheme some 

components, by one or another reason - mainte-
nance or repair, avoid the runaway speed on a 
turbine shutdown, etc. - should be temporarily 
isolated. Some of the gates and valves suited to 
the intakes for small hydro systems include the 
following: 

Stoplogs made up of horizontally placed 
timbers 
Sliding gates of cast iron, steel, plastic or 
timber 
Flap gates with or without counterweights 
Globe, rotary, sleeve-type, butterfly and 
sphere valves 

For low pressure the simplest type of gate is 
a  stoplog;  timbers placed horizontally and sup-
ported at each end in grooves. Stoplogs cannot 
control the flow and are used only to stop it. If 
the flow must be stopped completely, such as 
when a repair is needed downstream, the use of 
two parallel sets of stoplogs is recommended. 

Gates and valves control the flow through 
power conduits. Gates of the sliding type are 
generally used to control the flow through open 
canals or other low-pressure applications. This 
is the type of flow control used on conveyance 
intake structures where, if necessary, the flow 
can be stopped completely to allow dewatering 
of the conduit. 

Small sliding gates controlling the flow can  

be raised by using either a wheel-and-axle 
mechanism or a hydraulic cylinder. 

The radial gates, conceptually different, are a 
method of forming a moveable overflow crest 
and allow a great control of headwater and tail-
water. 

OPEN CHANNELS 
The flow conveyed by a canal is a function 

of its cross-sectional profile, its slope, and its 
roughness. Natural channels are normally very 
irregular in shape, and their surface roughness 
changes with distance and time. 

For the same cross-sectional area, and chan-
nel slope, the channel with a large hydraulic ra-
dius, delivers a larger discharge. That means 
that for a given cross-sectional area, the section 
with the least wetted perimeter is the most effi-
cient hydraulically. Semicircular sections are 
consequently the most efficient. A semicircular 
section however, unless built with prefabricated 
materials, is expensive to build and difficult to 
maintain. 

Actual dimensions have to include a certain 
freeboard (vertical distance between the de-
signed water surface and the top of the channel 
bank) to prevent water level fluctuations over-
spilling the banks. 

In the conventional hydropower schemes and 
in some of the small ones, especially those lo-
cated in wide valleys, when the channels must 
transport large discharges, the excavated ground 
is used to build the embankments, not only up to 
the designed height but to provide the freeboard, 
extra height necessary to foresee the height in-
crease produced by a sudden gate closing, the 
waves or the rains collected by the canal itself 
under heavy storms. 

These embankment channels although easy 
to construct are difficult to maintain, due to the 
wall erosion and the aquatic plant growth. The 
velocity of water in these unlined canals should 
be kept above a minimum value to prevent 
sedimentation and aquatic plant growth, but 
below a maximum value to prevent erosion. 

In the high mountain schemes the canal is 
usually built in reinforced concrete, so much 
that the environmental legislation should require 
to be covered and revegetated. 

Sometime to ensure that no seepage will oc-
cur, the canal is lined with geotextiles sheets, so 
preventing the landslide consequent to the wet-
ting of clayey material. 

PENSTOCKS 
Conveying water from the intake to the pow- 
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erhouse — the purpose of a penstock — may not 
appear a difficult task, considering the familiar-
ity of water pipes. However deciding the most 
economical arrangement for a penstock is not so 
simple. Penstocks can be installed over or under 
the ground, depending on factors such as the 
nature of the ground itself, the penstock mate-
rial, the ambient temperatures and the environ-
mental requirements. 

A penstock installed above ground can be 
designed with or without expansion joints. 
Variations in temperature are especially impor-
tant if the turbine does not function continu-
ously, or when the penstock is dewatered for re-
pair, resulting in thermal expansion or contrac-
tion. Usually the penstock is built in straight or 
nearly straight lines, with concrete anchor 
blocks at each bend and with an expansion joint 
between each set of anchors. 

The anchor blocks must resist the thrust of 
the penstock plus the frictional forces caused by 
its expansion and contraction, so when possible 
they should be founded on rock. If due to the 
nature of the ground, the anchor blocks require 
large volumes of concrete, thus becoming too 
expensive, an alternative solution is to eliminate 
every second anchor block and all the expansion 
joints, leaving the alternate bends free to move 
slightly. In this case it is desirable to lay the 
straight sections of the penstock in steel saddles 
made to fit the contour of the pipe and generally 
covering 120 degrees of the invert. 

TAILRACES 
After passing through the turbine the water 

returns to the river through a short canal called a 
tailrace. Impulse turbines can have relatively 
high exit velocities, so the tailrace should be de-
signed to ensure that the powerhouse would not 
be undermined. Protection with rock riprap or 
concrete aprons should be provided between the 
powerhouse and the stream. The design should 
also ensure that during relatively high flows the 
water in the tailrace does not rise so far that it 
interferes with the turbine runner. With a reac-
tion turbine the level of the water in the tailrace 
influences the operation of the turbine and more 
specifically the onset of cavitation. This level 
also determines the available net head and in 
low head systems may have a decisive influence 
on the economic results. 

2.6 ELECTROMECHANICAL EQUIPMENT 

POWERHOUSE 
In a small hydropower scheme the role of the  

powerhouse is to protect from the climatological 
hardships the electromechanical equipment that 
converts into electricity the potential energy of 
water. The number, type and power of the turbo-
generators, its configuration, the scheme head 
and the geomorphology of the site would condi-
tion the building topology. 

Integrating turbine and generator in a single 
waterproofed unit that can be installed directly 
in the waterway means that a conventional pow-
erhouse is not required. Siphon units provide an 
elegant solution in schemes with heads under 10 
meters and for units of less than 1000 kW in-
stalled. 

Otherwise to mitigate the environmental im-
pact the powerhouse can be entirely submerged. 
In that way the level of sound is sensibly re-
duced and the visual impact is null. 

In low-head schemes the number of Kaplan 
turbine configurations is very large (pit, in S, 
right angle, etc.). In medium and high head 
schemes powerhouses are more conventional 
with an entrance for the penstock and a tailrace. 
This kind of powerhouse are sometimes located 
in a cave, either natural o excavated for the pur-
pose. 

The powerhouse can also be at the base of an 
existing dam, where the water arrives via an 
existing bottom outlet or an intake tower. 

HYDRAULIC TURBINES 
The purpose of a hydraulic turbine is to 

transform the water potential energy in me-
chanical rotational energy. 

Turbines can be classified in two main dif-
ferent ways: on the basis as how the flow pro-
ceeds in the turbine or according to the specific 
speed. 

Hereunder we deal only and briefly with the 
first criterion. 

The potential energy in the water is con-
verted in mechanical energy in the turbine, by 
one of two fundamental and basically different 
mechanisms: 

the water pressure can apply a force on the 
face of the runner blades, diminishing in 
value as it proceeds through the turbine. Tur-
bines that operate in this way are called re-
action turbines. The turbine casing, being the 
runner fully immersed in the water, must be 
strong to withstand the operating pressure. 
Typical reaction turbine are Francis, Kaplan 
and propeller turbines. 
The water pressure is converted into kinetic 
energy before entering the runner. 
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The kinetic energy appears in the form of a 
high-speed jet that strikes the buckets, 
mounted on the periphery of the runner. Tur-
bines that operate in this way are called im-
pulse turbines. As the water after striking the 
buckets drops into the tail water with little 
remaining energy, the casing can be very 
light and serves the purpose of preventing 
splashing. 
Impulse turbine are Pelton, Turgo and cross 
flow turbines suitable for high and medium 
head schemes. 
Both reaction and impulse turbine can be in-

stalled with vertical or horizontal axis. In any 
case the type of turbine to be installed heavily 
affects the size and the shape of the powerhouse 
and the kind of the relevant civil works. 

SPEED INCREASERS 
When the turbine and the generator operate 

at the same speed and can be placed so that their 
shafts are in line, direct coupling is the right 
solution; virtually no power losses are incurred 
and maintenance is minimal. Turbine manufac-
tures will recommend the type of coupling to be 
used, either rigid or flexible although a flexible 
coupling that can tolerate certain misalignment 
is usually recommended. 

In many instances, particularly in the lowest 
power range, turbines run at less than 400 rpm, 
requiring a speed increaser to meet the 1000-
1500 rpm of standard alternators. In the range of 
powers contemplated in small hydro schemes 
this solution is usually more economical than 
the use of a custom made alternator. 

It's worth mentioning speed increasers even 
in this guide, because they are often the main 
source of noise coming from a powerhouse. An 
incorrect design of speed increaser usually 
causes a lot of operation and environmental 
problems (noise, oil leakage). 

GENERATORS 
Generators transform mechanical energy into 

electrical energy. Although most early hydroe-
lectric systems were of the direct current variety 
to match early commercial electrical systems, 
nowadays only three-phase alternating current 
generators are used in normal practice. De-
pending on the characteristics of the network 
supplied, the producer can choose between syn-
chronous generators and asynchronous genera-
tors. 

The working voltage of the generator varies 
with its power. The norm is generate at 380 V 
up to 1400 kVA and at 6000/6600 for bigger in- 

stalled power. Generation at 380 V permits to 
use standard distributor transformers as outlet 
transformer and use the generated current to 
feed into the plant power system. Generating at 
high voltage require an independent transformer 
HV/LV to supply the plant services. 

TURBINE CONTROL 
Turbines are designed for a certain net head 

and discharge. Any deviation of these parame-
ters must be compensated by opening or closing 
control devices such as the wicket-vanes or gate 
valves to keep constant, either the outlet power, 
the level of the water surface in the intake or the 
turbine discharge. 

In schemes connected to an isolated net, the 
parameter to control is the runner speed, directly 
related to the frequency. The generator becomes 
overloaded and the turbine slowed-down when 
the demand increases. In this case there are ba-
sically two approaches to control the runner 
speed: controlling the water flow on the turbine 
or keep the water flow and the electric load con-
stant by adjusting an electric ballast load con-
nected to the generator terminals. 

In the first approach, speed (frequency) 
regulation is normally accomplished through 
flow control; once a gate position value is cal-
culated, the actuator gives the necessary in-
struction to the servomotor, which results in an 
extension or retraction of the servo's rod. To en-
sure that the rod actually reaches the calculated 
position, feedback is provided to the electronic 
actuator. These devices are called "speed gover-
nors". 

In the second approach it is assumed that, at 
full load, constant head and flow, the turbine 
will operate at designed speed, so maintaining 
full load on the generator; this will run at a con-
stant speed. If the load decreases the turbine will 
tend to increase its speed. An electronic sensor, 
relying on the measure of frequency, detects the 
deviation and a reliable and inexpensive elec-
tronic load governor, switch on preset resis-
tances and so maintain the system frequency ac-
curately. 

The controllers that follow the first approach 
do not have any power limit. The Electronic 
Load Governors, working according to the sec-
ond approach, hardly ever exceed the 500 kW. 

Turbine control devices are worth mention-
ing because conventional and more diffused 
speed governors are composed by a combination 
of oil driven hydraulic devices which can be a 
source of water pollution in case of oil leakage. 
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It must be said that in the last years manu-
factures have made big efforts to reduce the risk 
of oil leakage from every part of the equipment. 

SWITCHGEAR EQUIPMENT 
In every country the electricity supply regu-

lations place a statutory obligation on the public 
electric utilities to maintain the safety and qual-
ity of electricity supply within defined limits. 

The independent producer must operate his 
plant in such a way that the utility is able to ful-
fil its obligations. Therefore various associated 
electrical devices are required inside the power-
house for the safety and protection of the 
equipment. 

Switchgear must be installed to control the 
generators and to interface them with the grid or 
with an isolated load. It must provide protection 
for the generators, main transformer and station 
service transformer. The generator breaker, ei-
ther air, magnetic or vacuum operated, is used to 
connect or disconnect the generator from the 
power grid. Instrument transformers, both PTs 
and CTs, are used to transform high voltages 
and currents down to more manageable levels 
for metering. 

The generator control equipment is used to 
control the generator voltage, power factor and 
circuit breakers. 

HEADWATER AND TAILWATER RECORDERS 
In a hydro plant provisions should be made 

to record both the headwater and tailwater. The 
simplest way is to fix securely in the stream a 
board marked with meters and centimetres in  

the style of a levelling staff but someone must 
physically observe and record the measure-
ments. In powerhouses provided with automatic 
control the best solution is to use transducers 
connected to the computer via the data acquisi-
tion equipment. 

Nowadays measuring units — a sensor — rec-
ord the measurement variable and convert it into 
a signal that is transmitted to the processing 
unit. The measurement sensor must always be 
installed at the measurement site, where the 
level has to be measured — usually subject to 
rough environmental conditions and of difficult 
access — whereas the processing unit is usually 
separated and placed in a well protected envi-
ronment easily accessible for operation and 
service. 

OUTDOOR SUBSTATION 
The so-called water-to-wire system usually 

includes the substation. A line breaker must 
separate the plant including the step-up trans-
former from the grid in case of faults in the 
power plant. PTs and CTs for kWh and kW 
metering are normally mounted at the substa-
tion, at the connecting link between the plant-
out conductors and the  take-off  line to the grid. 
In areas with very high environmental sensitiv-
ity the substation is enclosed in the powerhouse, 
and the transport cables leave it over the pen-
stock. 

Lightning arrestors for protection against line 
surges or lightning strikes are usually mounted 
in the substation structure. 
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3 GENERAL REMARKS ON 
THE ENVIRONMENTAL 
IMPACT ASSESSMENT 

3.1 FOREWORD 
In this short guide we don't intend to exam-

ine closely how an Environmental Impact As-
sessment must be carried out, because this mat-
ter is out of the scope of the guide. 

Nevertheless it's appropriate to give some 
remarks about it, in order to face the specific 
matter of the small hydropower plants Environ-
mental Impact Assessment in a correct way. 

3.2 WHAT IS AN ENVIRONMENTAL 
IMPACT ASSESSMENT 

A simple definition of the Environmental 
Impact Assessment is not quite easy. The Coun-
cil Directive 85/337 of June 27, 1985, gives the 
following - and just a little bit tautological - 
defmition: "The environmental impact assess-
ment will identify, describe and assess in an ap-
propriate manner ..... the direct and indirect ef-
fect of a project on the following factors: 

Human beings, fauna and flora 
Soil, water air and climate 
The interaction between the factors 
mentioned in the first and second inci-
dents 
Material assets and cultural heritage" 

The Environmental Impact Assessment is a 
procedure to support decisions: the impact 
studies can't be reduced to mere descriptions, 
but must come to an assessment made by the 
proponent of a project to supply to relevant 
authorities all the elements necessary to take a 
decision about the project. Therefore, the study 
must contain, stated in a scientific way, all the 
effects of the project on the environment. This 
approach raises to two important problems: the 
transparency of the steps which have produced 
the decision and the repeatability of the whole 
decision process. 

3.3 WHEN AN ENVIRONMENTAL IMPACT 
ASSESSMENT IS SIGNIFICANT 

As a decision process, an Environmental Im-
pact Assessment is significant when is present a 
multiplicity of alternatives among which a 
choice is possible: different project and design 
alternatives must be took into consideration, in-
cluding the so called "zero alternative", and the 
relevant impacts must be analysed. 

3.4 IN WHICH MOMENT AN ENVI-
RONMENTAL IMPACT ASSESSMENT 
MUST BE CARRIED OUT 

Depending on the moment of the decision 
process, the Environmental Impact Assessment 
can have different degrees of detail: in the initial 
phase the assessment can be made on a prelimi-
nary design; in an intermediate phase the refer-
ence is to a more detailed feasibility study; in 
the last step the fmal design has to be took into 
consideration. Generally speaking the Environ-
mental Impact Assessment should be made as 
"upstream" as possible in the decision process; 
by the other side it's evident that the information 
contained in a final design are very detailed and 
the design alternatives are often reduced to the 
mitigation measures, while much more degrees 
of freedom are allowed by the preliminary de-
sign or the feasibility study where technological 
or site alternatives can be still examined. 

3.5 WHY AN ENVIRONMENTAL IMPACT 
ASSESSMENT MUST BE TRANSPARENT 

An Environmental Impact Assessment must 
be always a process repeatable and therefore as 
transparent as possible: this is a very important 
requirement which must reflects in the clarity of 
data and in methods of approach accepted both 
by the proponent and the relevant authorities. 
The agreement of the parties involved in the 
process on the general methodology is quite im-
portant to force each part to follow a path made 
of precise and defined steps avoiding as far as 
possible arbitrary evaluations. 

3.6 THE STEPS OF THE ENVIRONMENTAL 
IMPACT STUDY 

Any Environmental Impact Study (EIS) can 
be split in the following steps: 

Description of the project, of the environ-
ment and of the design alternatives. 
Determination and estimation of the project 
impacts on the environment. 
Environmental Impact Assessment (EIA) 
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carved out by the proponent. 

DESCRIPTION OF THE PROJECT, OF THE 
ENVIRONMENT AND OF THE DESIGN AL-
TERNATIVES 
The description is the first step of an Envi-

ronmental Impact Study. Its aim is to describe 
what you want to do, why, when, where, why in 
that site and not elsewhere. 

Anyway, everything you are describing must 
be a material, physical, measurable characteris-
tic, because it will be the base for the subse-
quent assessment step. 

By the other side some a priori evaluations 
are always present even in the description step: 
they are not eliminable and they condition the 
description. 

ENVIRONMENTAL COMPONENTS AND EX-
PECTED IMPACTS 
Generally speaking, an impact can be de-

scribed by means of the following elements: 

SOURCE: it's the projected intervention 
(physically well defined works, human ac-
tivities and planning and so on) which could 
produce significant effects on the environ-
ment. 
ELEMENTARY ACTIONS: they are the ele-
ments of the intervention which generate in-
terference on the environment around; they 
must be defined for the different moments of 
the life of the plant (construction, operation, 
possible failures, decommissioning). For 
small hydropower plants the most important 
of these moments is the operation one. 
DIRECT INTERFERENCE: it's a direct altera-
tion, describable in terms of environmental 
factors, produced on the environment by the 
projected intervention and considered in the 
initial phase during which it's generated by 
the actions of project (e.g. noise or water 
pollutants emissions).  
ENVIRONMENTAL TARGETS: they are the 
elements - like a well for drinking water, a 
building where live some people, a site 
where live a particular specie - described by 
means of environmental components and 
which can be reached and modified by per-
turbations caused by the projected interven-
tion. 
DETERMINATION AND ESTIMATION OF THE 
PROJECT IMPACTS ON THE ENVIRONMENT 
The main scope of impacts analysis phase is 

to compare the environment before and after the 
realisation of the works. In other words this  

phase connects the project actions with their 
impacts on the environment. To get the scope 
it's important to split the project in a set of ele-
mentary actions not only for clarity in the study, 
but even (and first of all) because only a good 
detail in the description prevents from generic, 
qualitative and aleatory information. The split-
ting into elementary actions make rising the 
problem of how to get a synthesis of all the in-
formation in view of the assessment phase. 
During the analysis phase the first problem to be 
faced is the statement of the significant impacts 
caused by the projects and the environmental 
targets. A remarkable help can be given by pre-
defined lists both for actions and for impacts. In 
the specific case of Environmental Impact As-
sessment of small hydropower plants the ap-
proach by means of the said lists has been cho-
sen. 

Once the impacts relevant to the particular 
situation have been determined, the following 
step is their estimation. The estimation of the 
impact must be as far as possible quantitative. 
This is the most important aspect of the whole 
procedure. Very often the impacts are defined 
by qualitative criteria which are arbitrary and 
not measurable, so that an unacceptable degree 
of uncertainty is present before any assessment. 
Furthermore the impacts must be defined by 
criteria enough easily measurable or in a way 
compatible with the degree of detail of the proj-
ect and with times to obtain an answer from 
relevant authorities about the environment ac-
ceptability of the project. So, especially for 
small hydropower plants, Environmental Impact 
Assessment it's recommendable to refer to abi-
otic indexes, more easily measurable than biotic 
ones and from which anyway these latter de-
pend. 

ENVIRONMENTAL IMPACT ASSESSMENT 
CARRIED OUT BY THE PROPONENT 
In the assessment step we pass from the de-

termination and estimation of the impacts, each 
one measured by an appropriate quantity, to an 
assessment of the importance of the variation 
foreseen for the specific environmental compo-
nent. 

In this phase we have to define the criteria on 
the basis of which we can say that an impact is 
more or less significant for the environment 
studied. 

To make the passage from the previous step 
to the assessment step as less arbitrary as possi-
ble, it's necessary that the criteria are made 
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clearly explicit. 
The assessment phase is very delicate: it's 

necessary to predispose all the elements to make 
relevant authorities capable of taking the final 
decision about the project. In this phase propo-
nent and authorities must interact and the re-
spective duties have to be clearly defined. The 
proponent must predispose the environmental 
assessment in order to allow the relevant 
authorities to verify the reliability of the evalua-
tions made and of the weighting used to carry 
on a sensitivity analysis. It's very important that 
the proponent doesn't stop the study to the de-
scription of the project and to the estimation of 
the impacts, leaving the assessment to the rele-
vant authorities: it's quite better that the propo-
nent quantifies the global effects of the project 
according to a methodology which allows the 
authorities to make their own autonomous 
evaluations. 

To sum up, an Environmental Impact As-
sessment must: 

Make clearly explicit the criteria assumed as 
a base for the evaluation of the importance of 
an impact (definition of the scale). 
Define the importance of the environmental 
resources, supplying and justifying the 
weighting system adopted (definition of the 
weights). 
The method utilised must allow to verify 

how the final assessment has been reached and 
how the final assessment varies when the differ-
ent weights given to each impact varies, that is 
the proponent must supply a sensitivity analysis 
of the results of the assessment usable even by 
relevant authorities. 

One of the main scopes of this guide is pre-
cisely this: to state a methodology on which 
both the proponent and relevant authorities 
agree and which constitutes a common basis for 
discussion and evaluations. 
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4 THE ELEMENTARY 
ACTIONS CONNECTED 
WITH THE REALISATION 
OF A SMALL HYDRO 
PLANT 

can be split according to a time scale: 

During construction 
During completion of works 
During operation 
During decommissioning 
In this chapter we examine these actions in-

dependently from the module, in the following 
ones we deal with the impacts connected with 
the actions within each module. 

4.2 ELEMENTARY ACTIONS DURING 
CONSTRUCTION 

4.1 FOREWORD 
As we said in the chapter 3 dealing with the 

general information on Environmental Impact 
Assessment, once carried out the description of 
the project, the following step to be made is the 
definition of elementary actions connected to 
the realisation of a small hydropower plant. 

The definition can be made at first subdi-
viding the plant in homogenous zones, from 
both the environmental and technical point of 
view and then, within each zone, subdivide the 
actions by means of a time scale. 

So, at first any plant has been split in the 
following "modules" which form and comprise 
all possible evaluation components which can 
appear concerning the different kinds of small 
hydropower plants: 

General plant data 
Multipurpose effects 
Backwater area 
Weir or dam 
Powerhouse 
Tailwater area 
Headrace channel or penstock 
Diversion section 
Tailrace channel 

This structure of the plant partially reflects 
the structure of the software implemented for 
Environmental Impact Assessment. 

Obviously not every module has to be con-
sidered at each kind of a plant: usually the fix 
modules are 1, 3, 4, 5 and 6: they describe the 
general plant data, the weir, the areas above and 
below and the powerhouse. Variable parts are 2, 
7, 8 and 9. Different kinds of plant lead to dif-
ferent combinations of the modules. 

Within each module the elementary actions 

GEOLOGICAL SURVEYS 
Usually, before the realisation of the works, 

during the construction design phase, some 
geological surveys are carried out to get more 
detailed information on the geological features 
of the foundations ground and on the ground-
water flow rates in order to design special foun-
dations or other particular cares during the 
works execution. 

The surveys generally consist in geophysical 
(seismic surveys) or geo-electrical tests, often 
integrated with well logging in the weir and 
powerhouse areas to determine the stratigraphy 
of the ground and groundwater flow rates. 

The equipment necessary to carry on these 
geological surveys is usually small enough to be 
transported by cars or small trucks. 

The impact caused by geological surveys 
could be generated by the noise of the equip-
ment required for well logging, but it's limited 
in time - usually no more than few days are re-
quired for surveys, as the area to be surveyed is 
small - and it can be relevant only in highly sen-
sitive areas as for high mountain schemes or 
natural parks, where fauna could be disturbed by 
noise and by the man presence. 

EXISTING VEGETATION CUTTING 
Existing vegetation cutting is almost always 

necessary to realise a small hydropower plant. 
This action is relevant especially for high 

head schemes with long outdoor or interred pen-
stocks. The installation of the penstock requires 
the creation of a 6-8 m wide strip without vege-
tation. The impact is generally important both 
for the impoverishment of the forests and for the 
disfigurement of the landscape caused by visual 
impact of a bare strip cutting the slope. 

Nevertheless it must be noted that in case of 
both interred and outdoor penstocks cut vegeta-
tion quickly grows up again and covers the strip 
created during works. 
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Vegetation cutting at powerhouse and weir 
could be necessary too, but it generally involves 
a small area with lower visual and environ-
mental impact. 

ENLARGEMENT OF EXISTING ROADS 
The realisation of a small hydropower plant 

takes often place in depressed or not inhabited 
areas. 

So to feed the work yards sometimes it is 
necessary to enlarge small existing roads or 
tracks. 

Depending on the particular situation, the 
enlargement can have negative or positive im-
pacts or both of them. The negative impact can 
rise from the visual intrusion, the necessity of 
tree cutting, the major disturb to animals caused 
by the future traffic and so on. By the other side, 
especially in depressed areas, (typically isolated, 
mountain areas) the enlargement of an existing 
road can represent an opportunity for increase 
the economy of the area with the consequent 
benefits for local people. 

EARTH MOVING 
This action can be important and in many 

countries, especially in protected areas, it is 
necessary to have special authorisations to carry 
out it. 

Earth moving in fact can influence slopes 
stability and the landscape. 

This action is very important in case of crea-
tion of new tailrace or headrace channel, espe-
cially for low head schemes located in flat areas 
because of the large volumes of earth moved, 
but even in high schemes with interred pen-
stocks or with pondage or storage basins real-
ised outside the riverbed. The earth moved rep-
resents in this case a great problem because it 
must be transported downward to dumping 
grounds with relevant costs. But from an envi-
ronmental standpoint the problem of earth 
moving is mainly connected with landscape dis-
figurement. 

TUNNELS EXCAVATION 
The realisation of tunnels as headrace or tail-

race channels is rather unusual in small hydro-
power plants because of the high cost of the 
works. 

In many cases boring machines realise tun-
nels with cross section larger than the hydraulic 
needs, so that the high cost of them has no good 
reason to be met. Nevertheless it is sometimes 
necessary to excavate a tunnel. With this ele-
mentary action can be connected several im- 

pacts both negative and positive. 
The negative ones concerns the problem of 

finding a place for the excavated rock and its re-
use, the influence of the tunnel on groundwater 
regime, the stability of slopes in case of parietal 
tunnels, the creation of dusts, and so on; the 
positive ones are connected with the avoided 
visual impact with respect of other solutions for 
waterways. 

PERMANENT FILLING MATERIAL ON SLOPES 
The action is connected with earth moving. 

One of its problems is to fmd a final place of 
earth moved. Sometimes it is placed on slopes 
around the excavated areas to reduce the cost of 
transport downwards to dumping ground. This 
action has mainly negative impact related to the 
modification of the landscape, the stability of 
material on the slopes, especially just after that 
the material has been placed. Sometimes the ac-
tion can have even positive impacts where fill-
ing material on slopes may represent a resource 
for improving the aspect of areas deteriorated by 
previous human agencies or natural causes. 

EMBANKMENT REALISATION 
This action is often necessary in low head 

schemes in plains to realise headrace channel 
especially in the vicinity of the powerhouse 
where higher is the difference between natural 
ground level and water surface elevation — and 
consequently waterways. The impact connected 
to this action is mainly due to the visual impact 
and sometimes to the interference with roads, 
canals and so on. 

CREATION OF TEMPORARY EARTH ACCU-
MULATIONS 
When in a small hydropower plant a pondage 

basin or long new canals are present large 
amounts of excavated material can be produced. 
A remarkable problem is the material stocking. 
It is usually placed in the area near the site cre-
ating temporary earth accumulations. Even in 
this case, as in some previously examined ones, 
the impact is mainly visual and, first of all, tem-
porary so that it disappears with the end of the 
works. 

TEMPORARY DISPLACEMENT OF PERSONS, 
ROADS, ELECTRIC LINES 
Differently from many large reservoirs or 

dams, the realisation of small hydropower plants 
doesn't require displacement of person because, 
as we said, large basins are extremely rare in 
small hydropower plants. On the contrary the 
temporary displacement or interruption of roads 
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is frequent, especially where penstock is in-
stalled under the roads to minimise the final vis-
ual impact. Even if the action refers to tempo-
rary situation, the negative impact can be rele-
vant and must be taken into due account. 

REALISATION OF ROADS AND SHEDS FOR THE 
YARD 

Similarly to what mentioned talking about 
the enlargement of existing roads, it's necessary 
to feed the work site in some way so, especially 
in remote areas, the realisation of new roads 
must be foreseen. In remote areas is even neces-
sary to build temporary sheds to lodge personnel 
deputed to plant construction. 

About this action can be repeated the re-
marks made for enlargement of existing roads. 

Moreover the impact connected with sheds 
for the yard is temporary and generally low, 
even if the visual intrusion can be disturbing. 

WATER COURSES DREDGING 
It can be present during small hydropower 

plants construction, especially when a pondage 
basin is realised inside the riverbed or when the 
downstream riverbed is lowered to increase the 
head. 

The impact is certainly heavy especially for 
aquatic life, but sometimes it can have positive 
aspects when dredging involves rivers where 
large amounts of alluvial material are deposited 
at every flood occurrence with consequent in-
crease in riverbed level and in inundation risk. 
So dredging can be a way for the river "mainte-
nance". 

TEMPORARY DIVERSION OF RIVERS 
During the construction of a dam or a weir 

and their relevant intake structures it is always 
necessary to partially or completely divert the 
river from its normal course for the time needed 
for the works realisation. The length of diver-
sion is generally small, a few number of meters, 
and can be made in several different ways: by a 
temporary earth dam which diverts water from 
the work areas; by a pipe system, placed down-
stream the areas to be protected, conveying wa-
ter downstream and by many other ways de-
pending on the particular site situation. 

The impact of the action is always present, 
but with different levels of negativity depending 
on the diversion system. The targets of the ac-
tion are mainly the aquatic life, the bed load 
transport regime and the water surface eleva-
tions upstream (major risk of inundation during  

flood events in the construction phase) and 
downstream (significant reduction of water lev-
els till to complete drying up). 

Nevertheless the impact has a remarkable 
dependence on the system of diversion: it's gen-
erally preferable a system of partial diversion 
like temporary dam which reduces flow cross 
sections without drying up any river stretch. 

USE OF EXCAVATORS, TRUCKS, HELICOPTERS, 
CARS FOR THE PERSONNEL,  BLONDINS  
It's obvious at all that to realise any work 

you must use some machine. So the action is 
always present, but the targets and the level of 
impact are different and depend on the type of 
machine used. An emblematic case is the solu-
tion adopted to feed a penstock construction 
site. Very often the penstock runs along very 
steep slopes in inaccessible zones, so you can 
use helicopters to transport pipes and personnel 
on site or install a  blondin  or realise new roads. 

Each solution has positive and negative as-
pects, the target is different and the best alterna-
tive depends on specific site situation. 

HUMAN PRESENCE DURING THE WORKS ON 
SITE 
As the previous one, this action is unavoid-

able, but even in this case the targets and the 
impacts can be different. In protected areas 
where, for example, rare species live, the impact 
is negative and the presence undesirable, but it 
can represent an important work opportunity in 
depressed areas which sometime coincide with 
protected ones. 

4.3 ELEMENTARY ACTIONS DURING 
OPERATION 

ENERGY PRODUCTION 
This is undoubtedly the most important ac-

tion of a small hydropower plant on the envi-
ronment, even because it's the main scope of the 
work. 

As we are dealing with a production of en-
ergy from a renewable energy source obtained 
by the exploitation of a local resource, several 
impacts are connected with the action: 
hereunder we list only some of the most impor-
tant social and economical impacts: 

Reduction of the social and security costs 
connected with the hydrocarbons import. 
Reduction of the macroeconomic costs con-
nected with the oil import. 
Reduction of the military and foreign affairs 
social costs. 
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Reduction of the costs connected with gas 
and coal import. 

WATERCOURSES DAMMING 
As some of the following ones, watercourses 

damming is one of the action directly connected 
with exploitation of the water resource. 

According to the definition ICOLD (Interna-
tional Committee on Large Dams) a dam is con-
sidered small when its height, measured from its 
foundation level to the crest doesn't surpass 15 
m, the crest length is inferior to 500 m and the 
stored water is under 1 million cubic meters. 

A large dam is not diffused in small hydro-
power plants schemes, except for multi-purpose 
schemes where the electricity production is not 
the main scope of the water resource exploita-
tion. 

It's undoubted that even the presence of a 
small dam or of a weir in a watercourse has an 
impact on the environment and it's one of the 
most important too. 

Watercourses damming in fact reflects 
mainly on the river regime (water velocities, 
levels upstream and downstream of the dam, 
sediment transport and so on) and consequently 
on the whole environment around (vegetation, 
fauna) and on the landscape. 

Beside of many negative impacts water-
courses damming can have positive impacts too, 
connected with the consequent possibility of 
producing energy at times of low flow or in-
creased demand and with the regulation of flow 
rates and the reduction of peak flows during 
flood events. 

PERMANENT WORKS IN THE RIVERBED 
Whatever system is used to divert water, 

permanent works in the riverbed are necessary 
to achieve this end. As the previous one this ac-
tion is very important for the visual impact 
(which can be reduced anyway), but mainly for 
the disturbance to the riverine life and regime. 

DIVERSION OF WATERCOURSES 
This is the most important action within 

those connected with the exploitation of the 
water resource and in many countries the length 
of watercourses between the points of water di-
version and restitution is taken as the most im-
portant parameter from the environmental 
standpoint. 

The abstraction of water from rivers in fact 
affect heavily the riparian life and morphology: 
for this reason in the last decades a most part of  

countries issued laws and rules to guarantee 
minimal flow downstream of the diversion 
works. 

NEW WATER BASINS 
The large majority of small hydropower 

plants are of the run-of-river type where elec-
tricity is generated as far as a discharge larger 
than a minimum flows by the watercourse, so 
that no new water basin is necessary to operate 
the plant. 

A little number of small hydropower plants 
has small water basins for day/night, weekly or, 
rarely, seasonal storage. The impact connected 
with the presence of water basins is different for 
basins realised in the riverbed or for artificial 
basins outside the riverbed. The former ones af-
fect more heavily the river water regime, the 
latter ones occupy land otherwise untouched and 
add further artificial works to the landscape. 
They could both have, among others, problems 
connected to nearly stagnant water, but they can 
be used for recreation purposes, e.g. for angling, 
and become an attraction and a source of jobs in 
depressed areas. 

PENSOTCKS 
Penstocks can be installed over or under the 

ground, depending on factors as the nature of 
the ground itself, the penstock material, the am-
bient temperatures and the environmental re-
quirements. 

Interred penstocks should be generally pre-
ferred to outdoor ones, because of the smaller 
visual impact and interference with the envi-
ronment around. 

Nevertheless penstocks interment could have 
major geological risks connected with stability 
of steep slopes crossed by pipes, both during 
construction and operation. During operation in 
fact water leakage from an interred penstock 
could trigger landslides much more easily than 
an outdoor one. 

NEW ELECTRIC LINES 
As for penstocks a transmission line can be 

installed over or under ground. The problems 
involved are similar too. As small hydropower 
plants are usually connected with low or me-
dium voltage electric grids, the eventual impact 
due to electromagnetic field emissions (at now 
these is no evidence of dangerous effects of 
them on human health) is negligible. 

RIPRAPS 
Ripraps are often an important part of the 
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structures necessary to the diversion and tailrace 
works realisation. Their aim is the banks con-
solidation, especially in torrents, in the area just 
upstream and downstream of the intake and di-
version works in order to avoid the erosion by 
water, mainly during flood events. These pre-
cautions must be taken to preserve diversion and 
intake works, undoubtedly the most important 
and delicate parts of a small hydropower 
scheme because they allow to divert water from 
the watercourse. 

Ripraps are realised even at the end of tail-
race channels at the junction with the recipient 
river and at all the other zones characterised by 
water stream energy dissipation. A typical case 
is the protection with ripraps or boulders down-
stream of dams' or weirs' spillways. 

From the environmental standpoint ripraps 
represent a source of artificialisation of the 
landscape and can lead to new balances of the 
riparian vegetation and fauna. It's true that a lot 
of techniques of bioengineering, described in 
the following chapters, allow the reduction of 
the ripraps impact. It must be underlined that 
ripraps, all the necessary mitigation measures 
provided, can have even positive impacts due to 
the increased safety of the protected zones. 

LEVEES 
In dependence of the scheme typology, in-

stead of ripraps, or complementary to them, lev-
ees must be realised. You can deal both with 
new levees and with the increase in elevation of 
existing ones, necessary to allow the plant op-
eration in different hydraulic conditions. Typical 
is the case of the realisation of a small hydro-
power plant in plains: the water diversion is ob-
tained by a weir usually small in height. Never-
theless, the presence of the weir, makes the 
backwater elevation higher than the natural one, 
especially during floods, so that an increase in 
existing levees elevation, once made the suitable 
stability checks, can be necessary in order to 
adjust the levees to the new water levels. 

With this elementary action several impacts 
are connected: the visual impact of an element 
rising from the pre-existing landscape, the im-
pact due to the eventual modification of the sur-
face water flows from and to the river, the banks 
artificialisation and the consequent alteration of 
the riparian balances, but, by the other side, the 
increased safety of the surrounding zones pro- 
tected by levees. 

RETAINING WALLS FOR THE SLOPES CON-
SOLIDATION 
This action is connected with the necessity of 

crossing with waterways already unstable slopes 
or slopes which could worsen their stability as 
an effect of the works execution. In the past a 
lot of small and big hydroelectric plants had 
been seriously damaged by landslides which de-
stroyed waterways - canals and penstocks - cut 
into an unstable mountainside. 

Walls for slopes consolidation has generally 
an important visual impact, even if the actual - 
and at this time reliable - techniques of the natu-
ralistic engineering can reduce a lot the visual 
impact or even substitute the traditional rigid or 
semi-rigid structures with new ones with negli-
gible impact and a comparable efficiency. The 
possibility of utilisation of these techniques can't 
be unconditioned, but must be considered case 
by case as a function of the characteristics of the 
slopes to be consolidated, of the loads on the 
structures and of the time required to the natu-
ralistic engineering protection to became effi-
cient. 

FLOW RATE REGULATION 
Flow rate regulation belongs to that set of 

actions which has higher effects on the envi-
ronment. Obviously a small hydropower plant, 
for the fact itself of diverting from a river a cer-
tain amount of water, alters the pm-existing hy-
draulic regime with the effects already described 
in the previous paragraphs. On the contrary, 
flow rate regulation refers to more specific 
situations of plants which diverts continuously 
water and release it only in certain hours of the 
day or day of the week or periods of the year: 
this latter case, as previously said, is extremely 
rare in small hydropower plants, exception 
made for small hydropower plants in multipur-
pose schemes where the hydroelectric energy 
production is secondary and where the environ-
mental problems are not specifically generated 
by the hydroelectric plant. 

Flow rate regulation made by a small hydra 
power plant introduces new impacts which can 
be negative or positive, but however with flow 
rate regulation are connected aspects which can 
be critical. The negative impacts are the modifi-
cation of the flow regime downstream of the 
water restitution which can be incompatible 
with other downstream water uses (but in this 
case a realisation of a regulation basin is im-
posed to restore the flow rate regime existing 
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upstream of the diversion works) and which it is 
a stress source for the ecosystem subject to a pe-
riodic variation in flow rates characterised by a 
very wide range of water levels, velocity and of 
bed load transport too. 

4.4 ELEMENTARY ACTIONS DURING 
COMPLETION OF WORKS 

OUTER WORKS (FENCING, YARDS) 
In a small hydropower plant are always pres-

ent even completion works which can have sig-
nificant impacts. 

First of all, it's suitable better that the works 
are fenced in, especially open channels - which 
can represent a danger for accidental falls into 
water - but even intake and powerhouse areas 
where electrical equipment or moving parts 
(gates, trashrack cleaners and so on) are in-
stalled and where the access must be allowed to 
personnel only. 

Fencing, when not realised with walls or 
when it is not very high, has generally a low 
visual impact and in any case suitable solutions 
can be adopted to get the better possible fitting 
to the environment around. 

At the powerhouse one or more yards are re-
alised to access to the building and to allow ma-
noeuvring of cars and trucks of the operation 
personnel. The area covered by yards is always 
small and large enough to the manoeuvring 
only, so that the occupied areas and the con-
nected visual impact is low. 

TREE PLANTING 
Tree planting is a completion work often im-

posed by relevant public authorities as a mitiga-
tion measure or as an environmental restoration: 
in the former case its aim is the naturalisation of 
the areas occupied by the new works or their 
partial visual hiding; in some special cases it can 
represent a first barrier to the eventual noise 
emission from the plant equipment. In the latter 
case - restoration - tree planting has the scope of 
restoring - at least numerically, where it's not 
possible in the former location - the trees cut 
during the works realisation. 

This action has obviously only positive envi-
ronmental impacts. 

SOILS ASPHALTING AND WATERPROOFING 
Road asphalting is an action included in the 

set of the completion works to made the plant 
more easily accessible. Sometimes it is explic-
itly required by local authorities, sometimes it is  

forbidden: in the former case with roads as-
phalting is implicitly connected a positive im-
pact due to a more easy development of de-
pressed areas thanks to easiness of access. Vice 
versa, in the latter case, asphalting is considered 
a source of artificialisation to be avoided, espe-
cially in areas sensitive from the naturalistic and 
environmental standpoint. 

Soils waterproofing are works necessary in 
special situations, as for example at small hy-
dropower plants with storage basins realised in 
very pervious areas, so that the bottom is water-
proofed, in order to reduce water leakage from 
the basin. 

Due to the high cost, soils waterproofing is 
always limited, so that this action, which can 
have significant potential negative impacts con-
nected with the modification of the surface and 
groundwater fluxes - in case of wide areas are 
waterproofed - is generally negligible. 

FISH RESTOCKING 
In many countries fish restocking is one of 

the duties of the small and large hydroelectric 
plants operators. This duty is imposed because 
of the implicit hypothesis that a hydroelectric 
plant is however harmful for fish. As a way of 
fact a negative impact on fish has been always 
ascertained. Nowadays all the national laws re-
quire, obviously where it is pertinent, fish 
passes at the diversion works of the small hy-
dropower plants. Nevertheless fish can suffer 
serious injuries or even die in the passage 
through turbine blades, in case of it hasn't been 
able to fmd fish pass to go downstream of the 
weir or dam. 

Since years turbines manufacturers are de-
signing, with interesting results, new "fish 
friendly" blades profiles in order to reduce the 
percentage of fish died passing through the tur-
bine. 

Coming back to the fish restocking, it has 
only positive impacts and it is generally an obli-
gation for the whole life of the plant. 

FAUNISTIC  REPOPULATION  
Faunistic  repopulation  is an action extremely 

rare in small hydropower plants because the 
works are so small and they don't usually imply 
an impoverishment of fauna so high that this 
type of action is required. Nevertheless in areas 
particularly sensitive from the naturalistic point 
of view it's convenient to carry on a restocking 
of the species which could be damaged by the 
plant realisation or which are migrated in more 
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quiet zones during the plant construction. 

4.5 ELEMENTARY ACTIONS DURING 
DECOMM SSIONING 

PERMANENCE OF BUILDINGS AND MACHINES 
A hydroelectric plant has a very long life, as 

testified by a number of small plants built at the 
first decades of '900 and at now perfectly 
working thank to the modernisation carried out 
periodically, especially to electromechanical 
equipment. 

The probability of a plant decommissioning 
in the short and medium term is therefore rather 
low; nevertheless, if this occurrence would be 
taken into consideration, it would imply the 
permanence of the civil and hydraulic works 
only (intake and diversion works, canals, pow-
erhouse) while the electromechanical equipment 
and the penstocks would be dismounted and the 
parts which still have a value would be partially 
recovered. 

Particular care must be devoted to the per-
manence of works in the riverbed: if the works  

aren't demolished, they can't be indiscriminately 
abandoned, because they can be works that, 
some how or other, are modifying water levels 
upstream and downstream and therefore they 
must be maintained, especially if their aban-
donment can imply risks for the surrounding 
districts which are developed under the influ-
ence of the works to be decommissioned. 

The situation regarding powerhouse build-
ings is quite different because they can be re-
used for other purposes, as testified by some 
powerhouses transformed in museums. 

To sum up, the permanence of buildings 
once the plant has been decommissioned can 
have even positive impacts (their re-use or 
maintenance of works which guarantee the hy-
draulic safety of the surrounding districts), but 
negative too (permanence of works in a state of 
increasing deterioration in areas particularly 
sensitive from the naturalistic and environ-
mental point of view). 
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5 THE IMPACTS CONNECTED 
WITH A SMALL HYDRO 
PLANT REALISATION 

5.1 FOREWORD 
Going on in our review of the different steps 

of an environmental impact assessment, we 
have now to deal with the impacts connected 
with a small hydropower plant realisation. 

As we said in chapter 4 we intend to deal 
with the subject following the structure of the 
software implemented and described later on. 

In chapter 3 we remarked that it's essential to 
give a quantitative value to the criteria chosen to 
carry on the environmental impact assessment, 
so we are now going to describe the impacts 
connected with the actions described in chapter 
4 by means of as far as possible measurable 
quantities and splitting the plant in the modules 
mentioned. 

In this chapter we don't always make a dis-
tinction between negative and positive impacts, 
because in many cases the same actions or crite-
ria can have positive or negative impacts ac-
cording to a particular situation. 

5.2 GENERAL PLANT DATA 
ENERGY PRODUCED BY THE PLANT 
This impact can be measured in GWh/year or 

in any other unit of energy per time. As we are 
dealing with the production by means of a re-
newable energy source, it has surely a positive  

impact on the environment and so can be classi-
fied as a benefit for the reasons listed in chapter 
4. In some countries energy production is con-
sidered the only positive impact of a small hy-
dropower plant. 

CARBON DIOXIDE EMISSIONS AVOIDED 
As all the other renewable energy sources, 

small hydro plays an important role, we dare say 
the most important role at now, in reducing the 
CO2  emissions. As a reference we give in table 
1 the indicative values of the reductions in pol-
lutants, with regard to different fossil fuels, 
connected with the energy production from a 
small hydropower plant (See: Directorate Gen-
eral for Energy - DGXVII - The Renewable En-
ergy Study - Annex 3 - 1994): 

This impact is very important and positive, 
especially in view of the commitments under-
taken within the Kyoto protocol. 

TIME OF CONSTRUCTION 
It can be measured in days, months or in any 

other unit of measure. This criterion can be a 
benefit because is related to the workers em-
ployed in the small hydropower plant realisa-
tion, but can be a cost too in areas particularly 
sensitive from the environmental standpoint. 

INVESTMENT TO REALISE THE PLANT 
It can be measured in any currency unit. In 

the software it's defined as a cost, because the 
environmental impact assessment is supposed to 
be carried out by the investor. It can be a benefit 
too, if you suppose that a higher number of 
workers employed is connected to a higher in-
vestment and so on. As a matter of fact it's not a 
criterion particularly interesting, because it is an 
extensive parameter, not specific to produced 
energy or installed capacity which will be nev-
ertheless took into consideration by means of 
other criteria. 

INSTALLED CAPACITY 
It's usually measured in MW, kW, MVA or 

kVA. It's a benefit for the same reason cited 

Table 1: externality estimates for fossil fuel electricity generation 

Externality Unit 
Coal 

High 	Low 
Clean Coal 

High 	Low 
Gas 

High 	Low 
Oil 

High 	Low 
Air 
SO2 g(502)/kWh 22.7 2.3 2.7 0.5 0.0 0.0 13.6 1.8 
CO2  g(CO2)/kWh 952.5 907.1 952.5 861.8 498.9 453.6 997.9 771.1 
NOX  g(NOX)/kWh 4.1 2.7 1.8 0.2 2.7 0.1 3.2 1.4 

Particulates g(TSP)/kWh 18.1 0.1 0.9 0.0 0.1 0.0 1.4 0.2 
Methane g(CH4)/kWh 0.9 0.9 0.9 0.9 leaks leaks 1.8 1.4 
Solids 

Solid waste g/kWh 90.7 45.4 136.1 45.4 0.0 0.0 45.4 45.4 
Metals significant 0.0 small 0.0 0.0 0.0 significant 0.0 
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talking about energy production. 

INVESTMENT SPECIFIC TO THE INSTALLED 
CAPACITY 
It's usually measured in currency unit/MW, 

kW, MVA or kVA 
It's an important specific criterion, in the past 

assumed even by European Commission to 
evaluate initiatives in the small hydropower 
plants field. It's an economic parameter and 
even from the environmental standpoint can be 
considered a benefit: the lower the specific in-
vestment is the higher the benefit is. It's a good 
indicator of the feasibility of an initiative. A ref-
erence value for this parameter can be 2.400 
7kW: small hydropower plants with higher 
value are rather hardly financed. 

INVESTMENT SPECIFIC TO THE ENERGY 
PRODUCED 
It's usually measured in currency unit/kWh 

(or GWh)/year. It has a different meaning with 
respect to the investment specific to the installed 
capacity. For example the same small hydro-
power plant in a run-of-river scheme or in a 
pondage scheme can have roughly the same en-
ergy produced but very different values of the 
installed capacity and the investment specific to 
the energy produced. So these last two parame-
ters must be used jointly to define a plant cor-
rectly. 

WORKERS EMPLOYED DURING OPERATION 
This is certainly a positive impact of the 

plant realisation, because a lot of plants can be 
realised in economically depressed mountain 
areas, so that the plant operation, as well as the 
realisation, have an important social feedback. 

DIRECT SUPPLY OF LOCAL ENERGY DEMAND 
A remarkable merit of all the renewable en-

ergy sources and particularly of small hydro-
power  is the exploitation of local water re-
sources and the production of energy near the 
resource itself. As we said a lot of small hydro-
power plants could be realised in depressed ar-
eas and the energy produced can be released 
even to small local electric grids and directly 
satisfy a large amount of local energy demand. 
This impact on the said areas is positive and 
represents an important opportunity. The unit of 
measure for this criterion should be the percent-
age of the total production used to satisfy local 
energy demand or the percentage of the local 
energy demand satisfied by the plant. 

LENGTH OF OVERHEAD TRANSMISSION LINES 
It is measured in kilometres or meters and it 

generally represents an environmental cost, be-
cause of the negative impact described in the 
previous chapter. Nevertheless, in remote 
mountain areas the construction of a transmis-
sion line could represent a benefit for future de-
velopment. 

LENGTH OF NEW ACCESS ROAD TO THE PLANT 
As for this impact the same considerations 

made for the transmission lines can be repeated. 

5.3 BACKWATER AREA 
The backwater area can be defined as the up-

stream area influenced by the presence of a dam 
or weir or any other diversion works. 

BACKWATER VELOCITY (MEAN VALUE IN THE 
MIDDLE OF REACH IN CASE OF MEAN WATER)  
The velocity of water is one of the abiotic 

parameters which influence biotic indexes. The 
choice of abiotic parameters only to describe the 
environment in the present environmental im-
pact assessment is due to the fact that abiotic in-
dexes are much easier to be measured than bi-
otic ones and they nevertheless give an account 
of the impact on the environment of an action. 
hi the software for backwater velocity the aver-
age value in case of average flow rate has been 
chosen because it is supposed that it can de-
scribe the influence of diversion works as well 
as possible. This is an absolute parameter meas-
ured in m/s. As it is not referred to a situation 
without works realised, it's mainly interesting as 
a global indicator of the effect of works when 
different design alternatives are compared. The 
lower the velocity is the higher the negative im-
pact of the plant on the environment is. 

BACKWATER LENGTH IN CASE OF MEAN WATER 
This is another absolute parameter to deter-

mine the effect of the diversion works on the 
river. Usually, the higher the works are with re-
spect to the bottom of the river the longer the 
backwater length and the negative impact are, 
because the modification of the environment 
caused by the plant is higher. That's why, espe-
cially in mountain scheme, Tyroelan intakes or 
some other similar diversion works, which don't 
cause appreciable backwater effects, should be 
generally preferred. 

LENGTH OF RIPRAPS OR LEVEES IN THE 
BACKWATER AREA 
This impact can be measured in meters or 

kilometres. In the default set of parameters pro- 
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posed in the software it's considered as an action 
with positive impact, because of the increase in 
safety of the surrounding districts. It can be seen 
even as a negative impact or both negative and 
positive, depending on the particular situation. 

TOTAL NEWLY INUNDATED AREA/ORIGINAL 
RIVERBED AREA 
This is the first parameter comparing the new 

situation with the original one: that's why it's 
measured by a percentage. It's generally consid-
ered an environmental cost because of the loss 
in areas within an environment particularly sen-
sitive as the riverine one. 

LENGTH OF IMPERVIOUS EMBANKMENTS OR 
LEVEES 
It can be measured in metres or kilometres. It 

is a negative impact because of the potential 
modification induced in surface and groundwa-
ter water regime from and to the river. 

PERCENTAGE INCREASE IN LOW WATER 
RIVERBED WIDTH 
This is considered a positive impact. In some 

particular situations, among the completion 
works of a plant a rearrangement of the low 
water riverbed is included. An increase in the 
width can contribute to decrease low water ve-
locities and improve the possibilities of the  
thalweg  ecosystem quality. It must be said that 
it is not a very important impact indeed. 

AREA OF NEWLY CREATED EMBANKMENT 
VEGETATION 
This is considered a positive impact, too. 

Where new embankments would be realised, an 
important mitigation measure consists in pro-
viding an adequate vegetation covering. In 
many situations this newly created embankment 
vegetation contribute to improve the quality of 
the environment in the vicinities of the diversion 
works. 

CREATION OF SLOW VELOCITY OR SHALLOW 
WATER AREAS 
The presence of diversion works can repre-

sent even a source of positive impacts and this is 
one of them. The creation of slow velocity / 
shallow water areas can be either caused by the 
works themselves or newly realised on purpose 
as a mitigation measure. These areas have an 
important environmental role because they may 
become sites for valuable riverine ecosystems. 
Their creation can represent a source of im-
provement of environmental quality in rivers al- 

ready deteriorated by human action. 

DEPTH IN THE MIDDLE OF THE BACKWATER 
AREA/UNIMPOUNDED DEPTH 
This impact belongs to that set of abiotic and 

rather easily measurable parameters chosen to 
take into account biotic effects surely existing, 
but hardly or in long terms measurable. In the 
default list this is considered a positive impact, 
but in some situations, as we said in chapter 4 a 
negative impact could be connected with it. 

TOTAL LENGTH OF BACKWATER/MAXIMUM 
WIDTH OF BACKWATER 
This is the last parameter used to define the 

impacts in the backwater area. The ratio be-
tween the total length of backwater and the 
maximum width of backwater is an intensive 
parameter giving an idea of the extension of the 
backwater in connection with the importance of 
the river. The value of the parameter can vary 
from zero, in case of diversion works which 
don't created any backwater effect, to very high 
values 100 and more, in case of high dams in 
narrow rivers. Even in this case the impact can 
be negative or positive depending on the spe-
cific situation. 

5.4 MULTIPURPOSE Eli 	LCTS 
In this paragraph we deal with the impacts 

connected to a small hydropower plant within a 
multipurpose scheme. In the last years an in-
creasing attention has been paid to multipurpose 
schemes: it became a keyword in many Com-
munity's programmes. Obviously all the actions 
connected to a small hydropower plant inside a 
multipurpose scheme cause only positive im-
pacts. 

RECREATION 
It is measured in percentage of the total aver-

age flow rate or annual water volume devoted to 
recreation aims. For example. in some pondage 
plants the water level in the basin must be kept 
higher than a prefixed value to allow angling or 
other recreation activities, so that only a part of 
the water volume available can be stored for hy-
droelectric purposes 

FLOOD PROTECTION (INCREASE IN FLOOD 
RETURN PERIOD WITH RESPECT TO THE 
NATURAL SITUATION) 
This positive impact is measured in years 

and can be very important in some situations. In 
many small hydropower plants the river banks 
near to the diversion works must be rearranged 
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and increased in ground level. This action re-
sults in an increase of the water level and con-
sequently of the flow rate which the river can 
convey during floods, that is the return period of 
the flood with which risks of inundation are 
connected is increased. Another way to get 
flood protection is the use of the basin to store a 
part of the water volume during floods, but the 
available volume in small hydropower plants is 
usually very small compared with the necessity 
of flood protection. 

SETTLEMENT 
This impact is measured in persons settled 

thanks to the presence of the small hydropower 
plant. As we said, the realisation, but mainly the 
operation, of a small hydropower plant can rep-
resent an important opportunity in depressed ar-
eas, typically remote mountain or rural areas. 
So, the number of persons settled is a way to 
measure the positive impact on environment and 
society of the plant. 

WATER SUPPLY (IRRIGATION, DRINKING) 
A lot of small hydropower plants have been 

realised and are still realised in irrigation net-
work or channels, especially in plains where 
dozens of low head plants exploit the water re-
source both for irrigation and energy production 
purposes, supplying energy for rural electrifica-
tion or to match electric energy demand for irri-
gation (pumping stations and so on). In the last 
decades many small hydropower plants have 
been realised in drinking water systems, espe-
cially in mountain areas, where instead of relief 
valves small or micro turbines have been in-
stalled to exploit head otherwise dissipated. 
Even in this case an important multipurpose use 
of water has been achieved and it is worth tak-
ing in due consideration. The positive impact is 
measured in Us, but it could be even measured 
in percentage of the total diverted water for hy-
droelectric scopes used for irrigation or drinking 
purposes. 

CREATION OF ADJOINING ENVIRONMENTAL 
AREAS 
As a mitigation measure to be taken in a 

small hydropower plant realisation, the creation 
of adjoining environmental areas is often re-
quested by authorities or on purpose put into ef-
fect by the proponent. These areas are different 
from site to site and it's hard to give general 
statements on how realise them. Nevertheless 
they undoubtedly contribute to make the small 
hydropower plant more easily acceptable from  

the environmental point of view. The action is 
measured in square meters of adjoining envi-
ronmental areas. 

CREATION OF AGRICULTURAL AREAS 
The realisation of small hydropower plant in 

remote rural areas can supply energy for land 
reclamation making available new areas for ag-
riculture. The same goal is achieved in existing 
irrigation networks where the energy produced 
can be used, for example, in pumping stations 
which can supply water to irrigate areas other-
wise unwatered. 

5.5 WEIR OR DAM 
This module deals with the impacts of the 

weir or dam itself; so you can find here the de-
scription of the impacts as regards the diversion 
works only. 

PERCENTAGE OF THE YEARLY WATER VOLUME 
TRANSFERRED FROM WET TO DRY SEASON 
This impact is rare indeed in small hydro-

power plant, because to transfer any water vol-
ume from wet to dry season a very large - and 
expensive - storage basin is necessary and a 
small hydropower plant is unlikely to have it. In 
the default list of criteria this is set as an envi-
ronmental benefit, but as we said in chapter 4, 
negative impacts can be connected to this ac-
tion. 

PERCENTAGE OF THE DAILY WATER VOLUME 
TRANSFERRED FROM NOT PEAK TO PEAK 
HOURS 
This situation is much more likely to occur 

than the previous one. To transfer water from 
not peak to peak hours a small basin is neces-
sary - few thousands of cubic meters or less, de-
pending on the peak and not peak flow rate and 
the duration of peak and not peak period - so 
that even in a small hydropower plant it can be 
suitable to realise it. This is considered a posi-
tive impact because the transfer allows to pro-
duce energy in periods of high demand and con-
sequently reduce the same production with fos-
sil fuels. But, for the same reasons cited for the 
previous action, even negative impacts - how-
ever considered by other actions - can be con-
nected with the present one. 

HEIGHT OF GATES AND ANCILLARIES OVER THE 
CREST OF DAM AND WEIR 
A lot of dams and weirs to divert water in 

small hydropower plants are composed by both 
fixed and moveable parts. Typically, flap, sec-
tor, slide or fixed wheels gates or inflatable 



CHAPTER 5 -  29 

dams are installed on the crest of the dam or 
weir to discharge flow rates during floods or to 
control water level and so on. Moreover at the 
intake rakes and trash rack cleaners are usually 
installed. All this works can have a remarkable 
visual impact - as counterbalanced gates - to be 
taken into account. This impact is usually meas-
ured in meters over the crest of dam and must be 
considered together with the following impact. 

HEIGHT OF THE FIXED PART OF DAM AND WEIR 
The impact of this action is generally nega-

tive both for the visual impact and the major 
risk of artificial flood in case of dam break and 
failure (the water volume stored by an high dam 
is greater than small one). This criterion is cho-
sen in many countries as one of the most im-
portant in environmental impact assessments. 
The subdivision of the total height of the dam or 
weir between fixed and moveable part could be 
taken as an interesting parameter; in any case 
the last two parameters must be considered to-
gether to assess the impact of the works cor-
rectly. 

INTERRUPTION OF BEDLOAD TRANSPORT 
Most of dams or weirs cause a modification 

or an interruption of the bedload transport. Ty-
roelan or bottom intakes are the only ones which 
don't interfere remarkably on the bedload, so 
they are to be preferred from this point of view. 
It must be said that as a matter of fact most of 
dams and weirs mainly modify the time scale of 
transport and not the quantity. Dams and weirs, 
in fact, are usually equipped with flushing gates 
which every now and then are open to remove 
material deposited upstream of the diversion 
works, so that the global quantity of bedload 
material is not modified. Nevertheless even this 
time modification generally imply a negative 
impact on the riparian ecosystem. There are 
even some cases when the interruption and re-
moval of the bedload material can have positive 
impact on the river: it's the case of the rivers 
with very high bedload transport which cause 
very quick increase in the riverbed elevation and 
increase the risk of inundation in case of flood. 

INTERRUPTION OF RIVER CONTINUUM, 
INVERSE TO QUALITY OF FISH BYPASS SYSTEM 
River continuum means ecological accept-

ability concerning fish but also benthic organ-
ism. A concrete weir, for example 3 m high, 
usually interrupts it completely. A very smooth 
ramp (1:10 - 1:15) made of riprap means almost  

no interruption. In between there is a wide range 
of solutions, valuable by biologists. For example 
if the weir interrupts completely the river con-
tinuum but a perfect fish bypass system is real-
ised, it compensates the negative impact of the 
weir. The unit of measure chosen, percentage of 
interruption, may be no more than an estimation 
on quantity and quality. Quantity restriction can 
be due to the size of a system; quality restriction 
may be caused by a "wrong" system being se-
lective to some kind of fish. 

5.6 POWERHOUSE 
This module deals with the impact caused by 

the powerhouse and by its vicinities. 
AREA USED BY POWERHOUSE 
This impact is usually measured in square 

meters and it is considered a negative impact, 
because of the visual impact of the building, the 
possible fall in value of the neighbouring areas 
and so on. 

AREA USED BY ADDITIONAL CONSTRUCTIONS 
(ROADS, YARDS) 
This impact is usually measured in square 

meters, too. In the default list of parameters this 
impact is considered as positive, but we have 
often said that there are some situations (par-
ticularly sensitive areas, natural parks) where 
every artificiality must be avoided: in this case 
this impact is certainly negative. 

NOISE EMISSIONS FROM POWERHOUSE 
The unit of measure chosen for this negative 

impact is the dBA. This impact is particularly 
remarkable at powerhouse with turbines 
equipped with speed increasers or with high ro-
tation speeds (1.500 rpm). In any case this 
negative impact can be hardly reduced both by 
an appropriate turbine and speed increasers de-
sign and by a suitable project of the power-
house. On the other hand, it's generally very ex-
pensive to reduce noise emissions from power-
house once it's realised and the hydroelectric 
unit is in operation. 

PERCENTAGE OF UNDERGROUND POW-
ERHOUSE 
Because of its visual impact, the interment of 

the powerhouse must be considered as source of 
positive impact on the environment. That's why 
this parameter has been included in the default 
list of criteria for environmental impact assess-
ment. In some countries this percentage is con-
sidered a criterion with high weight in the as-
sessment. 
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5.7 DIVERSION SECTION 
This module deals with the impacts in the 

river stretch between diversion works and the 
end of the tailrace channel (restitution of di-
verted water to the river): this is the area usually 
more affected by the small hydropower plant. 

DIVERSION LENGTH 
In some countries this length has the highest 

weight of all the impacts, negative and positive, 
in the environmental impact assessment. The 
impacts of the diversion are in fact concentrated 
in this section. That's why in almost all the 
countries a residual flow must be released by the 
diversion works to mitigate the negative impacts 
on the diversion section connected to the small 
hydropower plant realisation. 

WETTED WIDTH / WIDTH OF RIVERBED IN CASE 
OF RESERVED FLOW 
This parameter is one of the abiotic indexes 

rather easily measurable, even in a preliminary 
design stage, to take into account variation on 
biotic indexes. The ratio can give an idea of the 
stress caused in riverine ecosystem by the small 
hydropower plant realisation. The ratio should 
be calculated just downstream of the diversion 
works so that any effect of tributaries or of other 
diversions is not taken into account. 

STRUCTURAL IMPROVED REACH 
The percentage of diversion section whose 

structure has been improved with the realisation 
of the small hydropower plant can be considered 
a positive impact because of the major stability 
achieved and consequently the highest safety of 
the surrounding districts. This measure is not 
always essential for the plant, but it's often suit-
able to improve even the plant operation or it's 
required from authorities as mitigation or com-
pletion works. 

On the other hand, if the diversion section 
has been regulated into a trapezoid you will 
have problems in finding a suitable as well as an 
acceptable amount of residual flow. You will 
never get a perfect result. To reduce residual 
flow in the diversion section you can improve 
the structure by means of modification of the 
breadth of the river bed, depth, roughness. 

EFFECT OF TRIBUTARIES 
In mountain high head schemes, but even in 

low head too, the length of the diversion section 
can be very great and one of the most common 
charges levelled to small hydropower plants is 
that "they dry up the river". Apart from the fact 
that reserved flow must be guaranteed in almost  

all the countries, so that the river is never com-
pletely dried up, the effects of eventual tribu-
taries along the diversion section are often for-
gotten. So this parameter has been included in 
the list of the remarkable ones to take into ac-
count the important contribution they give to re-
duce the negative impact on the areas down-
stream of the water diversion works. The unit of 
measure proposed is Us, but even a percentage 
of the diverted water can be used. 

NUMBER OF WASTEWATER DISCHARGING 
WITHIN THE DIVERSION SECTION 
Sometimes it could happen that within the 

diversion section a number of wastewater chan-
nels discharge into the river. The reduction of 
the water in the river caused by the hydroelec-
tric diversion can make the pollutants concen-
tration in the water increase with environmental 
problems for the riverine life as well as for hu-
man health. So the impact of a small hydro-
power plant in such a situation increases. This 
impact can be reduced by reserved flow in-
creasing up to a value high enough to get a suit-
able dilution of wastewater pollutants even in 
low flow periods. 

RESERVED FLOW 
In many countries reserved flow is regulated 

by a national law that usually only set up a 
minimum value, but still permits local commu-
nities to impose higher values and sometimes 
unreasonably higher values. 

The determination of the reserved flow can 
be critical for the development of a small hy-
dropower site because too large a residual flow 
can make an otherwise good project economi-
cally unfeasible. 

In this guide we don't intend to closely de-
scribe the different methodologies in force to 
determine reserved flow, because this aim is out 
of the scope of the guide. We mention only that 
all the dominant methods can be classified in 
two groups: 

Hydrological methods based on an analysis 
of the historic time-series and resumed in 
easy applicable empirical formulae. 
Hydro-biologic methods based in scientific 
criteria, applicable only to a particular river, 
and taking into account both hydrologic and 
biologic parameters. 
The former ones are simple and user 

friendly, but they are not supported by a scien-
tific criterion and are consequently rather arbi-
trary. They may recommend too high minimum 
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flow values for rivers subject to droughts and 
too low for rivers with moderated low-water 
marks. 

On the other hand, a large majority of the 
hydro-biologic methodologies are based in the 
knowledge of the physical structure of the river . 
For the past two decades the state-of-the-art 
model for the depiction of the riverine habitat 
has been the Physical Habitat Simulation Model 
(PHABSIM), based on one-dimensional hydraulic 
modelling and requiring an abundance of em-
pirical calibration data and the collection of 
these data along the transverse sections of the 
river. PHABISM is expensive and often non trans-
ferable to other streams. 

Anyway, the reserved flow represents an en-
vironmental benefit for the river. It avoids com-
plete droughts in the river and it's defined as the 
flow which allow the survival of the riverine 
and riparian life. 

As a matter of fact it represents the most im-
portant mitigation measure of a small hydro-
power plant. 

SPECIFIC RESERVED FLOW 
As all the specific criteria, specific reserved 

flow is particularly important. It is usually 
measured in litres per second and per meter of 
width of the river bed. Differently from the 
catchment related value (1/s/lcm2) it is a mor-
phological and not a hydrological parameter. 
Usual limits are 30 to 40 1/s/m. The criteria 
leading to the formula are minimum depth of 10 
cm and minimum velocity of 0,3 to 0,4 m/s. 

As many other criteria utilised and proposed 
in the predefmed list of the software, this is an 
abiotic index rather easy to be measured and 
which can give information about the riverine 
life conditions similar to biotic indexes. 

5.8 HEADRACE CHANNEL/PENSTOCK 
PERCENTAGE OF UNDERGROUND CHANNEL OR 
PENSTOCK 
The interment of the headrace channel or of 

the penstock represents an important environ-
mental benefit because it reduces the plant vis-
ual impact and it doesn't introduce any con-
straint and hindrance in the use of land. 

On the other hand underground waterways 
can have negative impacts too, because a water 
leakage is more difficult to be detected and for 
this reason it's more dangerous, especially along 
steep slopes subject to major landslide risks. 

Moreover an underground penstock or chan- 

nel isn't easily accessible and it's more difficult 
to carry on maintenance. It's true that modern 
pipe and channels technologies allow the almost 
complete elimination of the maintenance so that 
the environmental benefit of the interment is 
generally higher than the cost due to hydro-
geological risk and to possible major difficulty 
in operation. 

PERCENTAGE OF EARTH CHANNELS 
In case of underground channels would not 

be feasible, earth channels should be generally 
preferred, because they introduce a less artificial 
element in the landscape with respect to con-
crete channels. By the other hand, to convey the 
same flow rate they require larger wetted areas, 
so that the land occupied by the canal is larger 
than with concrete solutions. In the predefmed 
list of criteria the percentage of earth channel is 
set as a benefit, but the actual statement depends 
on the single environmental situation. 

PERCENTAGE OF ECOLOGICAL FUNCTION 
Although diversion channels are artificial 

they may serve as a  biotope  corresponding to a 
couple of parameters. The better the similarity 
to natural rivers is the higher the ecological 
function is. It will be difficult to reach 100 % 
but if you imagine old channels you will see the 
difference from a new, straight, rectangle con-
crete channel. Again the percentage is an esti-
mation considering some abiotic facts. 

PERCENTAGE OF STRUCTURED EMBANKMENT 
This criterion is closely connected with the 

previous one focusing on the embankment in-
cluding the semi-aquatic region and vegetation. 
The same comments made there can be repeated 
about this criterion. 

PERCENTAGE OF CONCRETE CHANNELS 
This criterion is dual to percentage of earth 

channels and can be used both together and in 
alternative to it. From a bare hydraulic point of 
view concrete channels should be preferred be-
cause on the same hydraulic radius they allow 
the conveyance of larger flow rates than earth 
channels. Especially in high mountain schemes, 
in case of the impossibility of utilising interred 
pipes as headraces, the choice of concrete chan-
nels is obliged. As we said, concrete channels 
introduce in the landscape a more artificial ele-
ment than earth channels, but they have less 
problems with reference to water leakage and 
landslide triggering risks, even if a lot of sidehill 
concrete canals interred on rather unstable 
slopes, a usual solution in old existing plants, 
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washed out. 
In conclusion in the predefined list of criteria 

this is set as an environmental benefit, but single 
situations must be closely examined about this 
criterion. 

5.9 TAILRACE CHANNEL 
Environmental problems connected to tail-

races are the same as headrace channels, so the 
predefined list of criteria proposed in this guide 
and in the enclosed software are the same too 
and you can refer to chapter 5.8 for the detailed 
description. 

5.10 TAILWATER AREA 

TAILWATER VELOCITYREDUCTION 
The unit of measure for this criterion is the 

ratio between the velocity of water in the origi-
nal situation and the velocity of water after the 
plant realisation. The reasons of the reduction 
can be different: typical is the case of tailwater 
areas structured to reduce tail water level and 
increase head in low head schemes. This crite-
rion can be regarded as an environmental cost 
because of the modification of the natural riv-
erine regime. It must be said that the tailwater 
velocity reduction is usually not very high, so 
that the stress induced in the environment is low 
and temporary up to a new stationary state ac-
quirement. 

TAILWATER SURFACE REDUCTION 
This criterion is strictly connected to the pre-

vious one and it has a water depth as unit of 
measure. As we have already said, sometimes 
the river bottom downstream of the powerhouse 
is lowered to increase head and the tailwater 
surface elevation can be consequently reduced. 

Even for this criterion the same comments 
made for the previous one can be repeated. 

PERCENTAGE INCREASE IN MAXIMUM FLOOD 
OR DAM BREAK FLOW RATE OR TAILWATER 
LEVEL 
The construction of a dam or of a weir modi-

fies the normal water regime but even the flood 
too. In particular, in case of dam or weir break a 
sudden water wave is created: this wave is very 
dangerous because usually the peak water level 
is very much higher and faster than in normal 
flood events. 

If the diversion section was short, the initial 
water level wave wouldn't practically be 
damped and the percentage increase in maxi-
mum flood or dam break flow rate or tailwater  

level would be very high with possible heavy 
consequences for the districts around. 

PERCENTAGE DECREASE IN LOW WATER 
RIVERBED WIDTH 
This criterion is one of the abiotic indexes 

used to measure the effects of the small hydro-
power plants on biotic elements. It has the scope 
to take into account the benefit caused by a spe-
cific mitigation and compensation measure 
highly recommended, that is the creation of a 
low water riverbed which guarantees a certain 
velocity and depth of water even in case of re-
served flow, in order to reduce the stress in-
duced in the ecosystem by the reduction of the 
available water. 

It must be said that especially high mountain 
torrents have flow rates highly variable during 
the year and the range of water depths and ve-
locities is naturally very wide, so that the bi-
omes living in the rivers are generally adapted 
to great variations in these parameters: conse-
quently, the weight to be given to this criterion 
shouldn't be very high for torrents and vice 
versa can be significant for rivers in plains 
where the creation of a specific low water river 
bed can give important benefits from the envi-
ronmental standpoint. 

PERCENTAGE INCREASE IN DEPTH 
This parameter is similar to the previous one 

and it can be used instead of it to take into ac-
count the benefit induced by mitigation or com-
pensation measures taken on riverine environ-
ment to reduce the impact caused by the plant 
realisation, with special reference to measures 
like modifications of riverbed devised to in-
crease water depth in case of reserved flow. 

REDUCED SLOPE/ORIGINAL SLOPE 
As the last two parameters, this one is an 

abiotic index, very easily measurable which 
gives an account of the benefits on biotic pa-
rameters caused by a riverbed re-modelling. An 
increase in water depth is in fact connected to a 
reduction in slope of a river stretch downstream 
of the powerhouse. This measure is sometimes 
adopted to increase head at low head plants in 
plain or to recover the original head of the plant 
progressively reduced by sediment accumula-
tion downstream of the powerhouse. The meas-
ure gets a double advantage, technical and eco-
nomical because of the increase in head and en-
ergy production, environmental because of the 
increase in depth even in low water. 
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6 TECHNOLOGIES SUITABLE 
TO REDUCE THE 
NEGATIVE IMPACTS 

6.1 FOREWORD 
In this chapter we deal with the main tech-

nologies and general plant layouts suitable to 
reduce the negative environmental impact 
caused by a small hydropower plant. 

They can be divided in two categories: 

mitigation measures concerning single de-
sign elements; 
non structural mitigation measures, that is 
relevant to the general plant layout. 
Both measures are equally important: the 

latter ones are typical of a preliminary design or 
of a feasibility study, when the main strategic 
choices must be taken. The former ones are 
typical of a more detailed design stage when the 
single elements of the plant must be examined 
and designed. 

To assess the environmental impact of a 
plant in the best way both types of measures 
should be considered at the same time, so that 
the global frame within which the plant is lo-
cated would be more clear and detailed. But 
sometimes in a preliminary design stage all the 
information about the site, necessary to detail 
the single design elements, is not available or 
too expensive to be acquired, so the description 
of the plant could be too generic and not suffi-
cient to carry on a significant environmental 
impact assessment. 

6.2 MULTIPLE USE OF THE WATER 
RESOURCES 

In the past years the European Commission 
considered the multiple use of water resources 
as one of the key words to support small hydro 
projects, that is a small hydropower plant should 
be part of a multipurpose scheme to obtain a fi-
nancial support from European Commission 
more easily. 

It's to say that undoubtedly the energy pro-
duction from a small hydropower plant is more  

easily acceptable from an environmental point 
of view if it's achieved together with other uses 
of water. 

As everybody knows, competition for use of 
water has always been strong, but especially in 
the last years it has become even stronger, be-
cause other new users compete to use it, with 
particular reference to an aesthetic and envi-
ronmental fruition of the water resource. 

So, relevant public authorities, which should 
be deputed to elaborate strategies for water re-
sources exploitation, obviously prefer a multi-
purpose scheme allowing the best compromise 
among different public interests (including in 
public interests even every production from re-
newable energy sources carried out by private 
investors). 

Therefore it's strongly recommended, when-
ever it's possible and applicable, to foresee in 
the preliminary design stage or even in the gen-
eral layout of the plant (in any case in the phase 
in which strategic choices must be taken) a 
multiple use of water connected with the small 
hydropower plant realisation. 

In many situations a multipurpose use is eas-
ily achieved and a lot of examples are available. 

Multipurpose schemes can be divided in two 
main categories: 

Schemes where the small hydropower plant 
is an ancillary part and the energy production 
is not the main scope of the use of water. 
Schemes where the small hydropower plant 
is the main part and scope of the use of water 
and the other purposes are secondary and 
mainly achieved to optimise water exploita-
tion. 
Now we have a short walk into these two 

categories. 
SCHEMES WHERE THE SMALL HYDROPOWER 
PLANT IS AN ANCILLARY PART AND THE ENERGY 
PRODUCTION IS NOT THE MAIN SCOPE OF THE 
USE OF WATER. 

1. NEW SMALL HYDROPOWER PLANTS RE-
ALISED ALONG EXISTING IRRIGATION 
SCHEMES. 

This situation often occurs in plains (e.g. 
Northern Italy) where hundreds of small hy-
dropower plants have been realised since the 
beginning of the XX h̀  century to exploit wa-
ter heads artificially created during the cen-
tury-made work of man to avoid the erosion 
of ground due to water during irrigation and 
to obtain ground slopes suited to food irriga- 



34 - TECHNOLOGIES SUITABLE TO REDUCE THE NEGATIVE IMPACTS 

tion and consequently to concentrate in sin-
gle points the difference in head created by 
these arrangements. 
The realisation of small hydropower plants 
along existing irrigation schemes in plains, 
as well as the achievement of a multiple use 
of water, allows the achievement of another 
important aim, especially if the plant is real-
ised by irrigation consortia or agricultural 
users associations. The energy produced can 
be directly consumed for other irrigation 
purposes, e.g. to feed pumping stations or 
uses connected with agricultural activities, 
reducing the costs for farmers which in re-
cent years have seen their competitiveness 
reduced with the  EU  aids reduction. 
Moreover the realisation of a new small hy-
dropower plant has no further significant 
negative environmental impacts, because the 
water is already diverted from the rivers for 
irrigation purposes and the only problems 
could be connected with the possible visual 
impact of the powerhouse and its vicinities 
which can be anyway reduced. 
NEW SMALL HYDROPOWER PLANTS ALONG 
DRINKING WATER SUPPLY SYSTEMS 

This application is very diffused espe-
cially in mountain areas, where the water is 
often diverted at high altitude and the final 
users are hundreds of meters below, so that a 
high water head can be exploited for energy 
production instead of being dissipated in re-
lief valves. As the flow rates are usually very 
low (some decades of Us) and the heads not 
too high, the installed power is not very high, 
but the application, as for small hydropower 
plants along irrigation canals, is interesting 
because has no further significant negative 
environmental impact and the social return is 
positive because the energy produced, be-
sides being produced by a renewable energy 
source, can be used to feed local users (night 
lighting or other public and private uses) and 
can consequently improve the electric energy 
supply conditions for the areas near the plant. 
NEW SMALL HYDROPOWER PLANTS ALONG 
WATER COOLING SYSTEMS 

This application is very interesting and 
it's rather recent and unusual. It's typical of 
thermal plants where large amounts of water 
(decades of m3/s) are diverted from rivers to 
supply water cooling systems of the con-
densers circuit. Water conveyed in pipes  

must overpass levees both to feed the circuit 
and to return in the river: in this second step, 
the energy of the water stream can be used 
for electric energy production by means of 
small hydroelectric turbines. The installed 
power has an order of magnitude enough to 
supply auxiliary services of the thermal plant 
(some hundreds of kilowatts). This applica-
tion can be an important compensation 
measure of the thermal plant realisation. An 
interesting example of it is the small hydro-
power plant realised at Ostiglia thermal plant 
(1.320 MW) in Italy where a gross head 
varying from 4,5 m to 7,5 m and a flow rate 
of 32 m3/s are exploited by four submerged 
units to produce 8 GWh/year 
NEW SMALL HYDROPOWER PLANTS AT 
SLUICE SYSTEMS 

The realisation of a small hydropower 
plant at a sluice system along large rivers can 
be an interesting multi-purpose use of exist-
ing structures dedicated to other scopes. The 
exploitation for hydroelectric purposes of the 
head created by a sluice system allows the 
production of energy by a renewable energy 
source without further significant environ-
mental impacts. An interesting and recent 
example of this application is represented by 
a pilot project where a so called  matrixtur-
bine  has been inserted in the  stoplog-slot of 
the ship lock of Freudenau hydro power 
plant near the city of Vienna. 
NEW SMALL HYDROPOWER PLANTS AT 
RAMPS FOR RIVER STABILISATION 

This application is rather unusual, but 
very interesting from the environmental 
point of view. Especially in mountain tor-
rents ramps for river stabilisation are often 
realised. The artificial head created by the 
ramps or by a series of check dams can be 
exploited for hydroelectric production. It 
must be said that flow rates and heads are 
generally low and the installed power too, 
and the investment couldn't be particularly 
profitable (payback period very high), but 
this application represents anyway a chance 
to get the double purpose of river protection 
and renewable energy source energy produc-
tion. 
NEW SMALL HYDROPOWER PLANTS AT 
BEDLOAD BARRIERS 

About this application we can repeat the 
comments and considerations made for 
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small hydropower plants at ramps for river 
stabilisation: bedload barriers create in the 
watercourse an artificial head usefully ex-
ploitable for energy production. 

7. SMALL HYDROPOWER PLANTS AT THE TOE 
OF A DAM REALISED FOR OTHER PURPOSES 

This application is not very usual for 
small hydropower plants, but diffused for 
large ones. The size of the plant depends in 
any case on the flow rates exploited for 
other purposes (drinking water supply, irri-
gation, flood protection). As we said else-
where, the impact of the small hydropower 
plant is negligible if compared to the impact 
of the dam, but the production of energy 
from a renewable energy source is however 
a source of reduction of the said negative 
impact. 

SCHEMES WHERE THE SMALL HYDROPOWER 
PLANT IS THE MAIN PART AND SCOPE OF THE 
USE OF WATER AND THE OTHER PURPOSES ARE 
SECONDARY AND MAINLY ACHIEVED TO 
OPTIMISE WATER EXPLOITATION. 

1. SMALL HYDROPOWER PLANTS WITH 
PONDAGE BASIN USED FOR RECREATION 
SCOPES 

A good mitigation measure applicable to 
a small hydropower plant is the realisation of 
a multi-purpose pondage basin. A typical ap-
plication is to use the basin for recreation  

scopes as angling and so on: this application 
requires that the variations of the water level 
in the basin are not too sudden and wide and 
it is usually accompanied by the realisation 
of recreation areas around the basin to com-
plete the multi-purpose scheme. 
SMALL HYDROPOWER PLANTS WITH 
COMPLEMENTARY FUNCTION OF STABI-
LISATION OF GROUNDWATER LEVEL 

Small hydropower plants equipped with 
small basins can be used to improve the sta-
bility of the groundwater level in area natu-
rally subject to high and undesired variations 
of ground water level. The presence of a ba-
sin with smooth water level variations is 
surely a source of stabilisation of the water 
table and of improvement of the environ-
mental acceptability of the plant, because of 
the optimisation of the use of water. 

SMALL HYDROPOWER PLANTS WITH 
COMPLEMENTARY FUNCTION OF INCREASE 
OF FLOOD PROTECTION 

As we said in chapter 5, in many small 
hydropower plants the river banks near to the 
diversion works must be rearranged and in-
creased in ground level. This action results in 
an increase of the water level and conse-
quently of the flow rate which the river can 
convey during floods, that is the return pe-
riod of the flood to which risks of inundation 

Figure 6.1: Rino small hydropower plant (Northern Italy): the multi-purpose basin 
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are connected is increased. Another way to 
get flood protection is the use of the basin to 
store a part of the water volume during 
floods, but the available volume in small hy-
dropower plants is usually very small com-
pared with the necessity of flood protection. 
Anyway, this complementary function of a 
small hydropower plant could represent an 
important card to be played to increase the 
environmental benefit of the scheme. 

SMALL HYDROPOWER PLANTS AND 
WETLAND MANAGEMENT 

According to the Ramsar Convention on 
Wetlands of International Importance espe-
cially as Waterfowl Habitat "wetlands are ar-
eas of marsh, fen, peatland or water, whether 
natural or artificial, permanent or temporary, 
with water that is static or flowing, fresh, 
brackish or salt, including areas of marine 
water the depth of which at low tide does not 
exceed six metres". 

The realisation of a small hydropower 
plant sometimes can negatively impact on 
wetlands or it can be an occasion to mitigate 
wetland losses in other sites or to improve 
wetland management around the plant site. 
This goal can be achieved, for example, cre-
ating new wetland areas or restoring existing 
ones which are very important both for re-
gional and global ecosystems, because, 
among others, they contribute to improve the 
quality of water, to recover water tables and 
they represent a site characterised by a 
higher degree of biodiversity. 
SMALL HYDROPOWER PLANTS AND RE-
ESTABLISHMENT OF RIVER CONTINUUM 

As we said in chapter 5, the realisation of 
a small hydropower plant can affect the river 
continuum. Continuum concept stresses that 
properties of lotic systems vary continuously 
as stream order increases, that is proceeding 
from upstream sections to downstream ones. 
Downstream systems capitalise on materials 
transported from upstream sources. Down-
stream and upstream systems are also linked 
by drift of organisms downstream. Changes 
in production and habitat are reflected in 
shifts in adaptations of plants and animals. 
Besides energy production a small hydro-
power plant can have the function of re-
establishing of river continuum. The possi-
bility of achieving this goal is strictly con-
nected with the devices and works installed 
and realised at the diversion works, mainly 

Figure 6.2: An invisible Tyrolean intake inside badly re-
structured embankments 

fish passes, but it's even connected with the 
intake typology itself: a tyroelan intake 
(bottom or drop intake) should cause a lesser 
interruption of river continuum in compari-
son with other typologies (lateral intakes 
with higher weirs). Anyway, although is per-
haps improper to define as multi-purpose a 
scheme which realise a re-establishment of 
river continuum, nevertheless it is surely one 
of its fundamental complementary functions. 

SMALL HYDROPOWER PLANTS AND RE-
HABILITATION OF EMBANKMENT 

Another additional function of a small 
hydropower plant can be connected to the 
rehabilitation of embankments, both from the 
structural and naturalistic point of view. The 
presence of a small hydropower plant, espe-
cially of its hydraulic works (intake, weirs, 
and so on) requires a high reliability of the 
hydraulic system both upstream and down-
stream of the plant. This reliability is even 
got by rehabilitation of embankments 
achievable by bioengineering that is by the 
combination of biological, mechanical, and 
ecological concepts to control erosion and 
stabilise soil through the use of vegetation or 
a combination of it and construction materi-
als. A rehabilitation undertaken in that way 
surely restores or improves the situation ex-
isting before the small hydropower plant 
construction. 

6.3 FISH PASSES 

Fish passes are generally required by rele-
vant authorities at any dam or weir realised in 
connection to a small hydropower plant. It is 
often used as device to release reserved flow 
downstream of the diversion works. 

The typology of fish pass to be adopted de-
pends on a lot of factors and an immense bibli-
ography is available about the matter. 
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Figure 6.3: an excellent example of environment friendly 
and effective fish pass 

Anyway fish passes represent the most im-
portant mitigation measure connected to the di-
version of water from the river and they are de-
puted to guarantee the maintenance of river 
continuum as possible. 

Taking for granted that fish passes are neces-
sary (obviously if fish live in the river stretch 
subtended by diversion works — it happens that 
fish passes have been required where no fish 
live in the rivers), their correct design is funda-
mental. 

As the existing typologies are many, it means 
that the optimum solution has not been still 
reached. A particular care must be taken to the 
maintenance of fish passes, which must be easy 
in order to guarantee a correct operation. A lot 
of fish passes, in fact, especially in the past, 
were completely obstructed by gravel and other 
materials, making them practically unservice-
able. 

6.4 PENSTOCK INTERMENT 
Penstock interment should be achieved any 

time it is possible. Pipe and coating technologies 
have reached a very good reliability level, so 
that an interred penstock practically requires no 

Figure 6.4: An interred penstock crosses the river and the 

maintenance for decades and on the other hand 
the result on environment but especially on 
landscape is excellent. In any case a particular 
care must be taken in sidehill schemes where the 
landslide risk can be higher for interred pen-
stocks than for outdoor ones, because of the 
larger zone excavated to install the pipe. 

Moreover, to avoid problems however con-
nected to steel pipes corrosion and to eddy cur-
rents in the ground and to reduce maintenance, 
the use of plastic pipes (glass reinforced plastics 
or HDPE pipes) is advisable. 

6.5 UNCOVERED ANCHORING BLOCKS 

Figure 6.5: an uncovered anchoring block at 600 mm-
diameter penstock without expansion joints. 

The impact of an outdoor penstock can be 
further reduced if the uncovered solution for an-
choring blocks is adopted. That means that the 
penstock is not covered with concrete at an-
choring blocks but it's connected to them by 
steel beams. This solution allows the reduction 
of the visual impact and the inspection of the 
whole pipe with higher construction and opera-
tion reliability. 

6.6 PENSTOCKS WITHOUT EXPANSION 
JOINTS 

Where a penstock can't be interred for any 
reason, the realisation without expansion joints 
is preferable because it doesn't require any 
maintenance and any relevant access tracks or 
roads to the penstock with the consequent re-
duction of environmental impact. 

6.7 UNDERGROUND POWERHOUSES 
Underground powerhouse is a good solution 

to reduce its visual impact and eventual noise 
emissions; it must be said that the cost of an un-
derground powerhouse is much higher than an 
outdoor one and the underground solution can 
make the investment in a small hydropower 
plant unprofitable. It's to say that this mitigation 
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measure must be correctly compared with the 
overall environmental costs and benefits deriv-
ing from it, because the area occupied by a 
powerhouse is generally small (100-200 m2), 
and its visual impact is small too. 

6.8 BUILDING COATING WITH LOCAL 
STONE 

To favour the fitting of buildings to the envi-
ronment around, especially in mountain areas, 
they can be coated with local stone. In this way 
powerhouse becomes similar to a mountain hut 

Figure 6.6: a powerhouse coated with local stone and ap-
pearing like a mountain hut. 

and diversion works generally have a reduced 
visual impact. Coating with local stone is often 
applied even to penstock's saddles and anchor-
ing blocks. Especially for saddles we think that 
coating increases the visual impact, because the 
reinforced concrete volume of the saddle is gen-
erally low and the penstock hide the saddle with 
its contour. Coating with stone makes the saddle 
larger and consequently more easily visible. 

6.9 CREATION OF TOURIST INFRA-
STRUCTURES AT STORAGE BASINS 

Storage basins can be easily adapted to the  

creation of tourist infrastructures. Storage basins 
at small hydropower plants are usually small, 
few thousands of cubic metres, and they can 
represent a tourist attraction and consequently 
an important resource in economically de-
pressed areas as some mountain areas. Storage 
basins aren't usually a tourist attraction by them-
selves, but if carefully designed and suitably 
equipped with tourist infrastructures, they can 
play a remarkable multi-purpose role. The most 
usual tourist use of storage basins is for angling: 
the measures to be taken to adapt the basin to 
this use are not very expensive, but such a use 
of water can require some constraints in fluc-
tuation of water levels in the basin which can't 
be too sudden and frequent. The adjoining areas 
should be fit out with tables, benches, barbe-
cues, fountains and suitably revegetated maybe 
with naturalistic tracks where the typical trees 
and flowers of the area can be seen. However, 
the measures more suitable to ntnkr. die uii•iii„i-
ties of the basin attractive should be examined 
case by case. 

6.10 ENLARGEMENT OF EXISTING ROADS 
AND TRACKS TO FAVOUR THE 
DEVELOPMENT OF LOCAL ECONOMY 

This is not properly a technology suitable to 
reduce the negative impacts, but it can be seen 
as a complementary measure to make the small 
hydropower plant realisation more easily ac-
ceptable by local people and therefore it can be 
regarded as a way to reduce the environmental 
impact, in an extensive sense. Sometimes this 
measure is explicitly required by local authori-
ties as a quid pro quo to issue the authorisations 
necessary for plant realisation. 

In any case, if the enlargement is made with 
the due cautiousness and avoiding environ-
mental defacement, it surely represents an im-
portant opportunity to favour the development 
of local economy. 

6.11 USE OF LOCAL WORKERS FOR 1 HI 
PLANT OPERATION 

Togethei with the previous one, this is an-
other way to make the small hydropower plant 
realisation more easily acceptable by local peo-
ple. It is generally advisable even because local 
people suiely know the plant sire and its bound-
ary conditions better than any other and it can 
represent an important human resource to be 
exploited for the best operation of the plant. The 
use of local people is recommended even for the 
plant realisation: this measure has positive re- 
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percussion on local economy not only for the 
period of the plant realisation, but even later, 
because small local enterprises can acquire by 
means of the plant realisation the particular 
know-how necessary for small hydro. 

6.12 RESTRUCTURING OF REGULATED 
EMBANKMENT 

We repeated many times that the realisation 
of a small hydropower plant often requires 
works for the consolidation of the embank-
ments. An important mitigation measure is rep-
resented by using bioengineering treatments in a 
prudent manner while tempering their wide-
spread use with precautions. Precautions consist 
of properly designing bioengineering projects 
with enough hardness to prevent both undercut-
ting the streambank toe and erosion of the upper 
and lower ends (flanking) of the treated project 
reach. This can be accomplished with one or 
both of hard toe and flanking protection, e.g., 
rock riprap, refusals, and deflection of water 
away from the target reach to be protected 
through deflection structures, e.g., groins, hard 
points, and dikes. With both of these methods, 
appropriate plant species should be used in a 
manner consistent with their natural habitats, 
that is, in an effort to emulate natural conditions 
or processes. This is often done with streambank 
zones that more or less correspond with micro-
habitats of native plant species in local stream 
environments. Where possible, both herbaceous 
and woody species are used with grass or grass-
like plants in the lowermost zone that is planted; 
shrubby, woody vegetation is used in the middle 
zone; and, for the most part, larger shrubs and 
trees are established in the uppermost zone. 
These zones are respectively called the "splash, 
bank, and terrace zones.". 

6.13 BANKS CONSOLIDATION BY MEANS OF 
NATURALISTIC ENGINEERING 
TECHNIQUES 

By now the naturalistic engineering tech-
niques have reached a high reliability and they 
are widely used instead of traditional engineer-
ing solutions, especially in highly sensitive ar-
eas, for banks consolidation. Recent studies 
demonstrated that this naturalistic engineering 
solutions are now competitive even from the 
economic point of view and therefore they are 
twice as recommended. There are a lot of tech-
niques and this is not the site to discuss them in 
detail. We merely cite and briefly describe the  

most diffused: for this description we referred to 
the publication of the US Army Corps of Engi-
neers-"Bioengineering for Streambank Erosion 
Control - Report 1 - Guidelines - available on 
the web site: 
http://www.wes.army.miUel/wetlands/wlpubs.html  

HARD STRUCTURES AND BIOENGINEERING FOR 
TOE PROTECTION 
Bioengineering is often used in combination 

with hard structures. These hard structures are 
used to protect the toe of the bank or slopes 
from undercutting and the flanks from eroding. 
The larger the stream or stronger the flow, the 
more probable that hard structures will be in-
corporated into the bioengineering design 
model. This is also true when risks become 
greater, such as when an expensive facility is 
being threatened. Hard structures such as rock 
riprap, log/tree revetments, tree butts, and de-
flection dikes are used to protect toes from be-
ing undercut or flanks at the upper and lower 
ends from being washed out. In these cases, 
water currents are prevented from undercutting 
the bank either through direct protection of the 
lower bank with some hard structure or material 
or through some kind of deflection structure that 
deflects the currents off the bank. Deflection 
structures may be some kind of spur dike, vane, 
transverse dike, or bend-way weir. In the case of 
hard toes on the lower bank, plants and engi-
neered materials to hold them in place are posi-
tioned above the hard toe. Rock riprap keyed 
into the bank at both the upper and lower ends 
of a bioengineering treatment are called refusals 
and prevent currents from getting behind the 
structure, called flanking. In the case of a de-
flection structure, these are usually placed in a 
series at critical points of scour, and plants with 
engineered materials are placed in between them 
to help hold the bank. With the aid of these 
structures and time, the planted vegetation es-
tablishes roots and stems in the bank to hold it 
together and trap sediment. This sedimentation, 
in turn, leads to spread of the planted species 
and colonisation by other opportunistic plants. 

The toe zone rarely has vegetation employed 
in it alone, but when vegetation is employed, it 
is used in combination with materials that ex-
tend below the normal flow of water and above 
it. The principle is to keep high-velocity cur-
rents from undercutting the bank either through 
armouring the bank or deflecting the currents 
away from the site of concern. Vegetation can 
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then be used either above the armour or in be-
tween and above the deflecting structure. 

Stone or rock revetments 
Stone or rock revetments in a bioengineering 

application are used at the toe in the zone below 
normal water levels and up to where normal 
water levels occur. Sometimes, the stone is ex-
tended above where normal flow levels occur 
depending on the frequency and duration of 
flooding above this level. Then, vegetation is 
placed above it in a bioengineering application. 

Rock toes are also used streamward or just 
below other materials such as hay bales or geo-
textile rolls. Vegetation in the form of dormant 
willow poles can be placed above this. 

A successful example is represented by a 
rock roll used on the Rhine River in Dusseldorf, 
Germany, below an installation of wetland 
vegetation grown in geotextile mats made from 
coir. The large rock was wrapped in a polyeth-
ylene type of rope mesh and then installed. The 
rope mesh contains smaller rocks and strength-
ens the system and is similar to the function of  
gabions  that are discussed below. It should be 
mentioned that this whole system of rock rolls 
and geotextile mats with wetland grasses or 
grass-like plants, such as sedges, were placed in 
between large rock transverse dikes. The dikes 
were already there before this treatment was in-
stalled and to divert river currents away from 
the banks. The rock roll (toe protection), the 
transverse dikes, and the geotextile coir mats, 
work together to obtain wetland plant estab-
lishment and erosion control.  

Gabions 
Gabions  are wire mesh baskets filled with 

rock and formed as boxes of various dimen-
sions. The wire is either galvanised or covered 
with a plastic coating to increase durability.  Ga-
bions  are tied together to become large, flexible, 
structural units and can be stacked in tiers. They 
can be installed in the toe zone to prevent un-
dercutting and can be stacked or run as a revet-
ment of  gabion  mattresses up into the splash and 
bank zones. They can be used in conjunction 
with vegetation in several ways. Often times, 
live, willow whips are placed in between the 
tiers of boxes back into soil that facilitates 
sprouting. When they are used as a  gabion  re-
vetment and rock toe, vegetation can be placed 
in the splash and bank zones above them.  Gabi-
ons  should be used with caution in streams that  

have high bed-load movement with cobbles and 
gravel that may break the wire mesh. Also, they 
are susceptible to vandalism and to undercut-
ting/overturning. If used in a stacked fashion, a 
geo-technical engineer should be consulted to 
determine stability; otherwise, overturning and 
sliding may be a problem. 

Lunkers 
LUNKERS is an acronym for "Little Under-

water Neighbourhood Keepers Encompassing 
Rheotactic Salmonids." The LUNKERS is de-
signed to provide overhanging shade and pro-
tection for fish while serving to stabilise the toe 
of a streambank. They were first used by the 
Wisconsin Department of Natural Resources. 
They are made from treated lumber, untreated 
oak, or materials made from a combination of 
plastic and wood. They are constructed by nail-
ing planks to the top and bottom of 15- to 20-cm 
spacer logs. These planks form stringers, which 
tie into the streambank at right angles. Planks 
are nailed to the top and bottom stringer boards 
and run parallel to the streambank. The entire 
structure forms a crib, which can be constructed 
onshore and moved by a loader or backhoe to 
the installation site. Once in the stream, the 
LUNKERS is placed in position and anchored by 
driving 1.5-m lengths of steel-reinforcing rod 
through predrilled holes in the structures and 
then into the streambed. These structures are set 
in a line that simulates the outside bend of a me-
ander. After the structures are in place, the area 
behind them is filled with rock, which also is 
used to cover the structure, and then the entire 
area is covered with soil. Often, the soil is 
planted with various kinds of vegetation, either 
woody or herbaceous. Care must be taken to tie 
the ends into the bank with a transition of rock 
or into a hard point to prevent flanking. 

Bank Crib with Cover Log 
Another hard structure placed in the toe zone 

to stabilise the toe is a "Bank Crib with Cover 
Log". Like the LUNKERS, it is used to protect 
unstable streambanks at the toe while at the 
same time providing excellent over-head cover 
for fish. The design is a simple crib with abut-
ment logs extending as far back into the bank as 
necessary to ensure structural stability (1.3 to 
1.8 m in stable soils and 3 m or more in unstable 
soils). The lower abutment logs should be near 
water level and should extend 45 to 60 cm from 
the bank. The cover log can then be pinned to 
the crib log and the lower abutment. The struc- 
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ture can be from one to several logs high, de-
pending upon bank height. 

Log revetments 
Log revetments are similar to bank cribs with 

cover logs except these are used to harden the 
toe and continue up the bank by lining the bank 
with logs. Then, flood-tolerant plants are placed 
at the top of and shoreward to the revetment. 
Depending on the height of the revetment, this 
may be in the splash, bank, or terrace zones. 
They are placed with butt ends facing upstream 
and are overlapped in a shingle fashion. They 
are secured with cables that are looped around 
the logs and then are fastened to dead men in the 
bank. Care must be taken to ensure their lon-
gevity by placing rock on both the upstream and 
downstream ends to prevent flanking of the 
structure. Rock should also be placed at the toe 
of the structure to prevent scour. 

Root wads 
Root wads are live or dead logs with root 

masses attached. These are also used in the toe 
zone to protect it from undercutting, but must be 
used in combination with other materials. The 
fans of the root wads provide an interlocking 
wall protecting the streambank from erosion. 
The voids within and between the root wads are 
filled with a soil mix and planted with live, 
willow clumps or root pads. The root wads are 
laid on top of a keyed-in shelf of stone and sup-
port logs. This shelf includes a layer of bottom 
support logs flush with one another, shingled 
together, and running parallel to the streambank. 
The root mass should be a minimum of 1.5 m in 
diameter and angled slightly upstream towards 
stream flow. This treatment should be placed at 
a base elevation that is consistent with water 
levels during the major part of the growing sea-
son. The bottom two-thirds of the root wad 
should be in water during that period of time. 
The upstream and downstream ends of the root 
wad treatment should be tied into hard points 
made from rock or some natural hard feature so 
as to prevent flanking. 

Deflector dikes 
Deflector dikes are any constructed protru-

sions into the water that deflect the current away 
from the eroded bank. These consist of trans-
verse dikes, hard points, groins, bendway weirs, 
and stream barbs. They are usually made of 
rock, but other materials such as logs or trees 
can be used. As mentioned above in the Dussel-
dorf, Germany, example, bioengineering treat-
ments often use vegetation between deflector  

dikes. The dikes and the bioengineering treat-
ments work as a system to stabilise the stream-
bank. Transverse dikes differ from hard points 
or groins by projecting further out into the 
stream. Bendway weirs and stream barbs are 
low rock sills. Flows passing over them is redi-
rected so that the flow leaving the structure is 
perpendicular to the centreline of the structure. 
The structures increased pool habitat availabil-
ity, overall physical heterogeneity, riparian 
vegetation, shade, and woody debris density. To 
design deflector dikes with vegetation, persons 
are needed with training both in hydraulic engi-
neering and bioengineering working as a team. 
Hydraulic engineers should be consulted for de-
sign, construction, and placement of the deflec-
tor dike, and bioengineers or someone with 
training in botany should be consulted for use 
and placement of the vegetation. 

BRUSH MATTRESS 
A brush mattress, sometimes called brush 

matting or a brush barrier, is a combination of a 
thick layer (mattress) of interlaced live willow 
switches or branches and wattling. Both are held 
in place by wire and stakes. The branches in the 
mattress are usually about 2 to 3 years old, 
sometimes older, and 1.5 to 3 m long. Basal 
ends are usually not more than about 3.5 cm in 
diameter. They are placed perpendicular to the 
bank with their basal ends inserted into a trench 
at the bottom of the slope in the splash zone, 
just above any toe protection, such as a rock toe. 
The branches are cut from live willow plants 
and kept moist until planting. 

WATTLING BUNDLES 
Wattling is a cigar-shaped bundle of live, 

shrubby material made from species that root 
very quickly from the stem, such as willow and 
some species alder. These bundles are laid over 
the basal ends of the brush mattress material that 
was placed in the ditch and staked. Wattling 
bundles may vary in length, depending on mate-
rials available. Bundles taper at the ends; this is 
achieved by alternately (randomly) placing each 
stem so that about one-half of the basal ends are 
at each end of the bundle. When compressed 
firmly and tied, each bundle is about 15 to 20 
cm in diameter in the middle. 

BRUSH LAYERING 
Brush layering, also called branch layering, 

or branch packing, is used in the splash zone, 
but only in association with a hard toe, such as 
rock riprap, in the toe zone. It can also be used 
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in the bank zone. This is a treatment where live 
brush that quickly sprouts, such as willow spe-
cies, are used in trenches. Trenches are dug 0,5-
2,0 m into the slope, on contour, sloping down-
ward from the face of the bank 10 to 20 degrees 
below horizontal. Live branches are placed in 
the trench with their basal ends pointed inward 
and no less than 20 cm or more than 50 cm of 
the tips extending beyond the fill face. Branches 
should be arranged in a criss-cross fashion. 
Brush layers should be at least 10 cm thick and 
should be covered with soil immediately fol-
lowing placement and the soil compacted 
firmly. 

VEGETATIVE GEOGRID 
Vegetative geogrid is a system that can be 

used in the splash zone and actually extend fur-
ther up the bank, into the bank, and possibly ter-
race zones. The system is sometimes also re-
ferred to as "fabric encapsulated soil." It con-
sists of successive walls of several lifts of fabric 
reinforcement. In between the lifts are placed 
1.5- to 3.0-m-long live willow whips. The de-
sign is based on a dual fabric system modelled 
after synthetic fabric retaining walls used by en-
gineers for road embankments and bridge abut-
ments. Two layers of coconut fibre-based fabric 
provide both structural strength and resistance to 
piping of fine material. Piping is that process 
where internal erosion of soils occur; that is, 
water seeps in from above through a porous 
layer of soil, such as sand lenses, and erodes 
that layer from where it enters to where it exits 
further down slope. The inner layer is a loose 
coconut fibre blanket held together by synthetic 
mesh netting and is used to trap finds and pre-
vent piping. The outer layer is a strong, woven 
coir fabric to provide structural support. Some-
times, the latter fabric is substituted by even 
stronger, more durable synthetic materials, that 
are formed by a matrix of geo-synthetic bands. 
The disadvantage of the latter materials, how-
ever, is that they are not very biodegradable. Of 
course, vegetation would mask the materials so 
they are not visible. 

DORMANT POST METHOD 
This treatment consists of placing in the 

splash zone and perhaps the lower part of the 
bank zone, dormant, but living stems of woody 
species that sprout stems and roots from the 
stem, such as willow. Willows are normally 
used and are cut into 3 to 4,5 m posts when the 
leaves have fallen and the tree is dormant. The 
dormant posts store root hormones and food re- 

serves (carbohydrates) that promote sprouting of 
stems and roots during the growing season. 
Dense stands of 4- to 6-year-old willows make 
the best harvesting areas. 

DORMANT CUTTINGS 
Dormant cuttings, sometimes called "live 

stakes," involve the insertion and tamping of 
live, rootable cuttings into the ground or some-
times geotextile substrate. In higher velocity 
streams, such as over 1,6 m/s, this method usu-
ally is applied in the splash zone with a combi-
nation of other methods, such as the brush mat-
tress and root wad methods. Dormant cuttings 
can be used as live stakes in the brush mattress 
and wattling as opposed to or in combination 
with the wedge-shaped construction stakes pre-
viously mentioned. They can also be placed ad-
jacent to the brush mattress. They can also be 
used in the matrix openings of the root wad logs 
along with root pads of other vegetative materi-
als. If cuttings are used alone in the splash zone, 
the toe should be very stable and velocities 
should be less than 1,6 m/s. Also, the soil in 
which they are placed should be fairly cohesive. 

ROOT PADS 
Root pads are clumps of shrubbery com-

posed of such species as willow (shrubby 
forms), alder and others. They are often used in 
the splash zone as a part of root wads where the 
root pads are positioned in between them. Root 
pads can also be used further up the slope into 
the bank and terrace zones. Caution should be 
exercised in planting these during the dormant 
season. They can be removed from harvest areas 
and placed at the project site with front-end 
loaders. "Veimeer" type spades are sometimes 
used on root pads where species have deep 
penetrating roots, whereas front-end loaders are 
used on species whose roots spread out more at 
the surface. Placement of root pads on slopes 
greater than 1 V:6H should include securing the 
root pads by driving 5 cm.-diam, 50 to 80 cm-
long wooden stakes through the pads at 0,50 - to 
1,0 m intervals. 

BIOENGINEERING TECHNIQUES IN THE 
TERRACE ZONE 
The terrace zone, as mentioned earlier, is 

rarely flooded and usually not subjected to ero-
sive action of the stream except during occa-
sional flooding. When flooded, it receives  over-
bank  flooding with return flows that can cause 
gulling and  rilling  to occur on the fall of the hy-
drograph. It is in this zone that vegetation is 
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needed with deeply penetrating roots to hold the 
bank together, such as larger flood-tolerant 
trees. Grasses, other herbs, and shrubs can be 
planted in between the trees, depending on their 
shade tolerance. Bioengineering, per se, is not 
normally used in this zone unless there are deep 
gullies that have occurred as a result of return 
flows or slopes still occur in this zone that are 
3H:1V or greater. In these cases, brush layering 
or contour wattling treatments are often em-
ployed across the gully or on the contours of the 
slope. Care should be taken in using large trees 
in this zone. They should be planted far enough 
back from the bank that their shade does not kill 
out the vegetation in the splash and bank zones. 
Narrow channels, especially, can be completely 
shaded from one side. 

Hydroseeding and hydromulching can be a 
useful and effective means of direct seeding in 
the terrace zone, particularly on slopes greater 
than 3H:1V and places where it is difficult to 
get equipment. Sometimes, it is possible to work 
from a small barge and use hydroseeding and 
hydro-mulching equipment on the barge and 
blow them onto the bank. 

6.14 SLOPES CONSOLIDATION BY MEANS 
OF NATURALISTIC ENGINEERING 
TECHNIQUES 

A lot of techniques used for bank stabilisa-
tion can be used for slopes consolidation, too, 
but latter one is much more "vegetation ori-
ented", so they're worth to be mentioned sepa-
rately from former one, even if the two method-
ologies go hand in hand. 

According to Schiechtl four construction ty-
pologies can be individuated within the bioengi-
neering techniques: 

COATING INTERVENTIONS 
By their action on the whole surface, coating 

interventions quickly protect the soil from sur- 
face erosion and from sun irradiation. 

The most common methods for coating are: 
Sodding 
Grass seeding 
Woody species plantation 
Meshes for erosion control 
Sown mattresses 
Concrete grids filled with soil and vegetation 
Diffused vegetation cover 

STABILISING INTERVENTIONS 
Stabilising interventions have the scope of 

reducing up to nullifying mechanical stresses in 
the soil. They stabilise and consolidate sliding  

slopes mainly by the root interpenetration. They 
are usually realised by trees, shrubs and brush-
wood. These interventions are usually com-
pleted with coatings interventions. 

The most common methods for stabilising 
interventions are: 

Cuttings 
Wattle fence 
Fascines  
Fascines  drainage 
Drills with live  fascines  and plants 
Layer of willow cuttings 
Brush layers 
Palisades 

COMBINED INTERVENTIONS 
Combined interventions consolidate unstable 

slopes using both live materials (plants or parts 
of plants) and hard structures (rock, concrete, 
wood, steel, plastics). In this way a longer life 
and higher efficiency of the retaining works is 
achieved. 

The most common combined interventions 
are: 

Vegetated rock walls or ripraps 
Drain wedges 
Vegetated  gabions  
Vegetated geomats 
Live crib walls 

Figure 6.8: a combined intervention for slopes consolida-
tion at a small hydropower plant. 

COMPLEMENTARY INTERVENTIONS 
Complementary interventions include sow-

ing and plantation in the widest meaning and are 
used in the final stage of design to complete 
works even from an aesthetic standpoint. 

The most common combined interventions 
are: 

Plantation on site of species grown in nurs-
ery 

 

Translation on site of autochthonous vegeta-
tion grown elsewhere 
Plantation of rootstocks 
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6.15 CREATION OF LOW WATER RIVER-BED 
In many cases, especially where reserved 

flow is calculated with hydrological methods, 
the flow downstream of diversion works is very 
dispersed in the riverbed and the riverine life is 
subject to significant stress for this reason. The 
creation of a low water riverbed which guaran-
tees a certain depth of water even in case of re-
served flow can be a compensation measure 
very important to preserve aquatic life and more 
generically the wetland ecosystem. Obviously 
the best results are achieved by means of bioen-
gineering techniques which must be anyway ap-
plied correctly and with precautions in order to 
avoid damages to structure created during flood 
events. 

6.16 CREATION OF INUNDATION AREAS 
Inundation areas at the vicinities of the plant, 

preferably at the diversion section can be an in-
teresting mitigation measure which allows the 
creation of wetlands, so important from the 
ecological point of view. Obviously the creation 
of such an area impose very strict constraints 
from the point of view of the land management, 
because the whole zone can't be practically used 
for no other purpose than naturalistic one, so 
that it's a measure which must be agreed with 
relevant public authorities. Besides naturalistic 
scopes the creation of inundated areas can rep-
resent a benefit with regard to the flood protec-
tion, even if the storage volume of this area 
should be very large to be significant for this 
second scope. 

6.17 TREE PLANTING AND GRASS SOWING 
AT THE PLANT VICINITIES 

This is a mitigation measure often required 
by relevant authorities and it's taken either to 
restore as well as possible the situation existing 
before the plant realisation or to counterbalance 
tree cutting during plant construction. Some-
times tree planting is used to completely or par-
tially hide several parts of the plant and reduce 
the visual impact or to constitute a natural bar-
rier to noise coming from the plant. 

In any case it is a mitigation measure with 
low cost and high environmental benefit and it's 
therefore strongly recommended. 

6.18 PENSTOCKS AND STORAGE BASINS 
SERVING AS SOURCE FOR FIRE 
PREVENTING 

The realisation of a small hydropower plant 
can give relevant authorities the opportunity,  

thanks to the construction of the plant water-
ways to improve the woodland area fire control 
in mountain zones by means of suitable small 
artificial water basins or using penstocks or 
storage basins to fill choppers tanks in case of 
woodland fire events. An important multi-
purpose use of water resource can be achieved 
with a consequent higher acceptability of the 
plant from the environmental standpoint. 

6.19 EXAMPLES: LINO POWER PLANT 
We describe now a success story of a plant 

realised in a regional natural park: it represents 
an example to be followed, both for the useful 
collaboration between project staff and envi-
ronmental authorities in order to minimise im-
pacts and for the results achieved in terms of 
successful mitigation measures. 

ENVIRONMENTAL CONSTRAINTS IN THE DESIGN 
PHASE 
The original project dated back to 1983 had 

been made on the basis of a 'classical' concept of 
the plant, i.e. intake, basin, open channel, high 
pressure penstock, power station, in order to get 
the best results from an economic standpoint. 

The new project was made thinking that it 
was necessary to make the plant compatible 
with the existing natural and anthropical envi-
ronment, believing that it was impossible, and 
expensive too, to solve the environmental prob-
lems only in the erection phase. 

Intake structures 
The intake structures which were already in 

the  fust  project of the Tyroelan (bottom) type, 
were the best solution with the least impact on 
the river morphology and consequently on its 
hydraulic and on its look. So the problem of 
visual impact could be left to the erection phase. 

An important variation to the project of 1983 
was the creation of a fish pass to be used also to 
guarantee the reserved flow. The type of this 
fish pass - weirs and pools - was stated together 
with the technical staff of relevant authorities. 

Basin 
Unlike the intake structures, the visual im-

pact of the basin was a relevant problem, be-
cause it is situated in an area important from the 
tourist point of view as it is the starting point to 
climb  Adamello  mountains. 

The place chosen seemed suitable to the aim: 
in fact the area near the intake structures was 
characterised by a smooth slope, just like the 
river. That has allowed the reduction of the 
earthwork in an area which is quite delicate 
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Figure 6.9: a winter view from helicopter of the Rino basin 

from the hydro-geological standpoint. 
To improve its fitting also in the landscape, 

the basin was redesigned to follow the irregular 
lines of the existing environment. 
The visible surfaces of the works had to be en-
tirely coated with the local stone reminding the 
slopes of the river which had been coated with 
stones after the ruinous flood which in 1987 had 
hit a great part of North Lombardy. 

In any case the basin couldn't but be a rele-
vant modification of the landscape: as we 
couldn't make it invisible, we thought to trans-
form its presence into something pleasing and 
useful. In fact there were also some other envi-
ronmental needs to take into consideration, es-
pecially the existing relationship between the 
river and the human activities there, like agri-
culture and tourism, the latter continuously im-
proving in the last years. 

We tried not only to respect these activities 
but, when possible, to develop them. That's why 
the plant was designed to use, in different ways, 
the excursion of the water level in the basin, 
which is kept in between precise limits in July 
and August so that it can be utilised for angling. 

The tourist use of the basin has been im-
proved by the construction of a recreation area 
nearby. For that reason a small wood has been 
kept near the basin and in it 5 picnic sites have 
been placed with wood tables, stone barbecues,  

fountains, a brook with little bridges, a car 
parking and toilettes block. 

People seem to greatly appreciate this area. 

Low pressure penstock 
The open channel foreseen in the original 

project was substituted by an underground pen-
stock at low pressure. 

As we were no more obliged to follow a pre-
cise altimetric line, we chose a plot that could 
avoid a fen area of relevant environmental inter-
est. The new plot follows an existing secondary 
road and so we didn't have to occupy non ur-
banised areas and we had to cut only a few 
trees. This fact obliged us to make a part of the 
penstock in reverse gradient and this fact of 
course complicated the mechanical aspect. In 
the lowest part of the reverse gradient, the pen-
stock has been equipped with a flush valve, 
while in the upper part of the penstock an auto-
matic vent valve had been placed. 

The disadvantages of the new designed solu-
tion can be summed up as follow: 

higher construction cost; 
higher cost in the extraordinary maintenance; 
emphasising of the transient phenomena due 
to the long penstock. For that reason the two 
turbines are equipped with flywheels to syn-
chronise them more easily, even if they work 
only connected to the national electric grid. 
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High pressure penstock 
During the design phase we thought to put all 

the penstock underground. But apart the very 
high costs, the result, on the environmental im-
pact, was unattractive. The large earthworks re-
quired by the digging in are not advisable on 
very steep slopes, because of their instability. 
Moreover the erection phase has usually a great 
impact on the environment. For safety reasons, 
because of the high pressure, the penstock 
should be checkable as easily and as soon as 
possible. That's why we decided to keep open 
air the part of the penstock at high pressure and 
to inter the low pressure one. 

To attenuate the environmental impact we 
tried to reduce deforestation and to use materials 
and colours similar to the natural landscape. We 
lessened visual impact by using anchoring 
blocks which don't coat the pipe with concrete 
which are usually more expensive than the usual 
ones which cover the pipe with concrete. In 
these last ones the penstock is completely 
wrapped in the concrete, while in the first ones 
the concrete structure stops 50 cm under the 
penstock and can be usually put underground. 
To get the best results the upper parts of the 
blocks have been completely coated with local 
stone. 

Another aspect that was taken into consid-
eration during the design phase was the possi-
bility for men and wild animals to cross the pen-
stock so that it didn't become an obstacle line in 
the Park. For that reason some parts of the pen-
stock have been raised in order to make under-
passes while on the parts close to the ground, 
small wood and stone bridges have been built. 

Power station and tail race 
The original project has been modified in the 

course of the works also on the basis of the indi-
cations of the different institutions involved. 

The layout modification which had the worst 
consequences on the production was the moving 
of the power station upstream of Rino di Sonico 
village with a loss in head of about 60 m. 

Nevertheless in that way we could return the 
water to the river upstream of the village giving 
an answer to the environmental and hygienic 
needs and also feed a sprinldèr irrigation plant. 

To this aim an exchange chamber has been 
realised which allows the conveying of the wa-
ter from the turbines directly to the river or to 
the irrigation plant without affecting, in any 
way, the operation of the hydroelectric plant or 
of the irrigation one 

An auxiliary intake, already existing, can 
feed the irrigation plant when the hydroelectric 
plant is not working. But usually the water used 
comes from the turbines because it is already 
desilted. 

ENVIRONMENTAL CONSTRAINTS IN THE 
ERECTION PHASE 
In the erection phase we took in great con-

sideration the impact of the permanent works, 
but also the temporary ones, which are usually 
neglected, have been particularly minded. 

Intake structures 
The original project has been modified and 

the river banks near the intake structures and the 
basin have been rearranged with stones, among 
which soil and willow trees have been put. Con-
crete has been used only for the toe zone. 

Low pressure penstock 
During the penstock interment, great care 

was devoted to the environmental restoration in 
the zone near to the fen area of relevant envi-
ronmental interest. The penstock has been 
placed only for small parts in private grounds 
and the track has mostly followed the small ex-
isting footpath. 

For paths restoration, only local materials 
and traditional technologies have been used, in 
particular the retaining walls have been made of 
dry walls. 

High pressure penstock 
The open air penstock was the work with the 

greatest impact because it couldn't be interred in 
without consequences on the slope stability be-
cause of the steepness of the side it had to be 
placed on. 

To reduce also the visual impact we tried to 
avoid big external works and also deforestation 
which depends on the way the site erection is 
made as well as on the maintenance needs. 

Just to allow the access also in the future, 
some permanent facilities are used for the erec-
tion, like inclined plans and cableways. 

Recently also the helicopter is being used, 
but it requires the deforestation of a large strip 
close to the penstock. 

At Rino plant we have utilised a temporary 
rope-way, usually called  "Blondin",  which re-
quires, as fixed structures only two concrete 
blocks, one at the top and one at the bottom of 
the cableway. 

Because it was not permanent, the mainte-
nance of the penstock would become hard and 
expensive. 
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So we had to think of technical solutions 
which didn't need frequent maintenance. We 
have therefore chosen a penstock without ex-
pansion joints which involves oversized steel 
structures. 

The anchoring blocks have been made with a 
flat top and steel support over-structures, saddle 
shaped, which are quicker to erect, less bulky 
and less visible. 

Power station and tail race 
The power station was moved - as we have 

already said - upstream of Rino di Sonico vil-
lage in an area suitable to supply the diverted 
water to an existing irrigation plant, as it had 
been required by local authorities. 

So the station happened to be in a narrow 
place, between  Remulo  river and the steep slope 
of the mountain. 

To reduce the necessity of reshaping the 
slope, the power station was developed in length 
and articulated on four floors according to the 
ground gradient. 

As the area was subject to landslide, the 
slopes have been consolidated using the bioen-
gineering techniques. 

6.20 EXAMPLES: PtiLS I AND II SMALL 
HYDROPOWER PLANTS 

River Nils is located in Styria, Austria, thus 
in a semi-alpine region with a long tradition in  

small hydropower plants and a with a high level 
potential. The plants described are situated side 
by side. Both are diversion type plants built in 
1991 and have the following main technical 
data: 
Plant 1 
Catchment area 
Rated discharge 
Net rated head 
Power 
Length backwater 
Rubber dam 
Annual production 
Pressure pipe 
Length 
Diameter 
Kaplan Axial-S-Turbine 

410 km2  
7 m3/s 
19,70 m 
1100 kW 
320 m 
19,0 x 1,9 m 
7,1 GWh 
GF-UP 
1257,0 m 
2100 mm 
1060 mm, 6 
blades, 600 rpm 

Summer/Winter ratio of energy production is 
42,58 %. 

Within the engineering as well as the imple- 

405 km2  
7 m3/s 
25,25 m 
1520 kW 
150 m 
19,0 x 1,7 m 
9,1 GWh 
GF-UP 
1531,5 m 
2100mm 
4) 1060 mm, 6 
blades, 600 rpm 

Plant 2 
Catchment area 
Rated discharge 
Net rated head 
Power 
Length backwater 
Rubber dam 
Annual production 
Pressure pipe 
Length 
Diameter 
Kaplan Axial-S-Turbine 

Figure 6.10: an overview of the diversion works at  Pils  small hydropower plants 
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mentation process the success depends on a pre-
cise and consequent project management. 

To achieve a speedy granting procedure to-
gether with an acceptable result, ecological de-
mands and objectives has been met continuously 
and equally with technical contents. The fol-
lowing features were essential: 

Residual flow 
Fish bypass systems 
Special design work in backwater and tail-
water area 
Biological swimming lake 

About some of them we report additional 
comments. 

RESIDUAL FLOW 
Due to a lot of ecological sound reasons, a 

rather complex regulation was found. In general 
a total discharge of 600 1/s was fixed. Part of it 
(400  Ils)  flows through the fish bypass — 200 1/s 
are passing a regulation device. Between April 
and September the residual flow is variable as a 
function of the recent discharge. Curves and 
functions, describing the relation between dis-
charge and residual flow, are stored in an elec-
tronic control device. Decisive input is the per-
formance of the turbine. 

600 1/s are roughly 10% of mean flow. 
FISH BYPASS SYSTEM 
Both systems are so-called by-pass channels 

with ponds and steps. 
The main features are the following: 

System 1  
Total head 3,7m 
Max. head between ponds 0,2 m 
Max. depth in ponds 1,0 m 
Number of ponds 17 
Total length 125 m 
Over all slope 3,0 % 

System 2 
Total head 3,1 m 
Max. head between ponds 0,2 m 
Max. depth in ponds 1,0m 
Number of ponds 14 
Total length 125 m 
Overall slope 2,5% 
The technical data show that both systems 

are very similar to natural creeks and therefore 
offer fish as well as benthic fauna non-selective 
passing conditions. To achieve a good result it is 
necessary to put heavy efforts on the realisation 
phase of such small scaled structures like bypass 
systems. The final step has to be a hydraulic 
testing phase likely resulting in a correction of 
details. All these activities have been carried out 
and a monitoring phase lasting some years is 
still going on. 

BIOLOGICAL SWIMMING LAKE 
Some ten meters away from the power house 

a so-called biological swimming lake was con-
structed. In principle it is an artificial lake fed 
by pumping groundwater. It is self cleaning due 
to large vegetation zones covering about 30 % 
of the total area which is about 7000 m2  wide. 
To avoid water losses it is completely sealed by 
a plastic foil. The maximum depth is 2,6 m. The 
temperature of the lake can be regulated by us-
ing the waste heat from the generator. The 
maximum temperature allowed in summer is 24 
°C. The maximum warming rate is 4 °C. 

Due to additional equipment like a bridge, a 
path round the lake or some wooden seats, the 
lake is highly accepted by the population espe-
cially by children. 

A nice idea of the owner of the site was to 
install a kind of museum in the power house fo-
cussing on a great variety of curious pieces he 
has collected. The house has been painted out-
side by children. 
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7 THE EVALUATION OF 
HYDROPOWER PROJECTS: 
THE  MULTICRITERIA  
APPROACH 

7.1 FOREWORD 
Based upon the previous listed set of criteria 

that can be considered when designing a new 
hydropower plant solution, it's clear how it is a 
major task of planners to impose some order on 
the problematic situations in which they are 
acting professionally. In order to pursue this 
goal they must make all kinds of distinctions, 
classifications, and other judgements. Therefore, 
it is very essential that they have tools which 
enable them to perform this task in a responsible 
way. A very important subset of these tools are 
the methods and techniques which assist the 
planner - as objectively as possible - to classify 
and conveniently arrange the information 
needed for a choice, in order that the various 
participants in a planning process (e.g., policy 
makers) are enabled to make this choice as re-
sponsibly as possible. This should be even con-
sidering a wide range of different standpoints. 

These joint activities will be called an 
evaluation procedure. The word evaluation here 
means the objectifying - real, actual denomina-
tion - of a certain situation and the valuation - 
appraisal, value judgement - of this objectivated 
situation. Differently from classical cost-benefit 
analysis procedures that require an analytical 
approach, evaluation procedures typically in-
volve an appreciative approach. 

The main role of cost-benefit analysis is de-
termined by the fact that economic efficiency 
had been the main guiding principle of every 
type of strategic-planning problem for a long 
time. In fact, this method had been typically 
used to translate into a common monetary 
measure the effects of the various evaluation 
criteria employed. However such an approach 
presupposed a one-dimensional problem, i.e. a 
system based on a single utility function capable 
of representing the viewpoints of all the deci- 

sion-makers involved in the process. The 
monetary methods, when used as stand-alone 
methods, are subjected to criticisms because: 
they use notional figures; they either conceal 
relevant value judgements or else, simply in-
volve unrealistic and sometimes artificial de-
grees of precision. This especially concerned 
such aspects as nuisance, nature, environment, 
safety, aesthetics, and so on. And — basically - 
conflicting alternatives are fmally evaluated and 
selected based upon monetary and financial as-
pects only. 

Newer evaluation techniques have attempted 
to overcome the limitations of this one-
dimensional approach, which is effectively sin-
gle-criterion in that its only unit of measure is 
monetary, and whose ultimate aim is to maxi-
mise the margin between revenue and costs. 

Thus, several multi-dimensional evaluation 
methods of the multi-criteria,  multi-objective  
type have been proposed. They have found their 
most widespread application in the environ-
mental sector, but there are also attempts to im-
plement such methods in many other decision 
domains, typically involving interactions be-
tween the engineering and the environmental 
sector. 

A basic classification scheme of various 
evaluation methods is shown by Fig. 7.1. A first 
distinction concerns the difference between: 

ex ante evaluation: focussing on the part of 
the planning procedure which concentrates 
on the preparation of a planning proposal 
(e.g., a regional or local plan); it has a 
"forward looking" nature (what could hap-
pen with the implementation of this proj-
ect?); 
ex post evaluation: reviewing the past activi-
ties and/or situation which followed a par-
ticular decision; it has a typical "backward 
looking" nature (what did happen with the 
implementation of this project?). 

A further distinction concerns the division of 
ex ante evaluation into: 

a priori evaluation: when the choice possi-
bilities under consideration are not known 
explicitly (e.g., if one tries to generate an 
optimal plan by means of an objective func-
tion and constraints, such as an LP method); 
a posteriori evaluation: when all the alterna-
tives and their effects are well known at the 
beginning of the evaluation procedure. 
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Fig. 7.1- Classification of evaluation methods (red line is the one here suggested. It leads 
to consider the  multicriteria  approach) 

A fmal distinction concerns the division of a 
posteriori evaluation into: 

implicit evaluation: an explicit systematic 
analysis of the choice possibilities is pur-
sued, whereby the activities are focused on 
the accountability of the final result; 
explicit evaluation: it focuses, on the con-
trary, on the consensus of thought, whereby 
attention is directed to the participation of - 
and negotiations between - all parties con-
cerned. 
The approach here proposed is the one un-

derlined in Fig. 7.1 It is an  ex-ante,  a posteriori, 
and explicit method, typically implemented by a  
Multicriteria  Evaluation Approach  (MEA).  
Cost-benefit analysis can constitute a part of the 
method. It is not essential even if it is always 
useful in supplying a framework for a monetary 
assessment of all the potential projects that are 
going to be considered. 

7.2 THE  MULTICRITERIA  EVALUATION 
APPROACH: AN OVERVIEW 

MEA'S OBJECTIVES AND BASIC PRINCIPLES  
MEA  enables the decision maker to investi-

gate a number of different alternatives (projects) 
in the light of multiple criteria and conflicting 
priorities. The core of  MEA  is the construction 
of the so-called 2-dimensional IMPACT Matrix, 
where one dimension expresses the various al- 

ternatives (say Projects) and the other dimen-
sion the criteria by which the alternatives must 
be evaluated. 

Thus, it is a Criteria x Projects matrix. 
Various  MEA  techniques were developed, 

depending on the way the information in the 
matrix is aggregated. The approach here pro-
posed is the goals-achievement method, which 
include a weighted summation technique where 
— at least in its initial form — not only numerical 
weights are attached to the various objectives 
but also to the groups affected. One of the most 
essential aspects of  MEA  is the supply of a 
method defining the relative importance of one 
criterion with respect to the other. A common 
feature of all the  MEA  techniques is just that 
they start from a number of explicitly formu-
lated criteria (or standards of judging). Conse-
quently, they are not measured in one single unit 
(like cost-benefit analysis) but in a variety of 
units which reflect as well as possible the nature 
of the criteria concerned. 

A relative weight must be given to each cri-
terion. This weight represents the relative im-
portance (priority) assumed by that criterion 
within the decision making process. Subjective 
priorities are then considered entering the rela-
tive importance of each criterion into a Weight-
vector that contains as many values as the crite-
ria are. 
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Consequently  MEA  enables the decision-
makers to take explicitly into account political 
priorities within his selection process. This 
makes the approach pre-eminently suitable to 
incorporate differences in political viewpoints 
into an evaluation. The results will then be a 
conditional evaluation, i.e., the outcomes will 
depend on the political views expressed (sub-
jective standpoints). 

Thus, generally speaking,  MEA  provides 
methods to process simultaneously 2 types of 
input information: objective information (the 
impact matrix), and subjective information (the 
priority - say the weight - given to each crite-
rion). 

It must be stressed the concept that  MEA  
doesn't perform an optimisation method. It sim-
ply identifies a set of ranked preferences by as-
signing concise scores to each project. This fmal 
score assignment is performed by calculations 
that take into account both objective and sub-
jective standpoints. The project having the high-
est score is not the "best". But, more precisely, 
it is the one that gets the best compromise of 
satisfaction level when all the criteria are si-
multaneously considered. Obviously this is very 
evident when many conflicting criteria are used 
into the matrix. 

INPUT AND OUTPUT DATA STRUCTURES 
The basic principle of a  MEA  is then very 

simple. Firstly, a matrix must be constructed 
whereby its elements reflect the characteristics 
of a given set of alternatives which are deter-
mined by means of a given set of criteria. An 
example is given in Fig. 7.2. This is the above 
mentioned 2-dimensional IMPACT Matrix. In 
the past several names were proposed for such a 
matrix besides the one here proposed  (project-
effect  matrix, score matrix, effectiveness ma-
trix). In this study we are going to use indiffer- 

ently the terms impact matrix or evaluation ma-
trix if the criterion scores (say effects) have 
been measured in different units. The term ef-
fectiveness matrix will be used if the criterion 
scores have equal units, typically when they are 
standardised by a normalisation procedure as 
described here after. 

Table. 73 shows the evaluation matrix of 
the case study discussed in this chapter to pres-
ent a practical  MEA  application exercise. 

To obtain an impression of the quality of the 
various projects under examination by means of 
such an evaluation matrix, information is 
needed about the relative importance attached to 
the criteria. Sometimes, however, the evaluation 
matrix itself provides a very clear picture of the 
general differences between the various alterna-
tives so that no further analysis is needed. For 
example, this can happen if the evaluation ma-
trix shows that there is indeed one alternative 
for which the criterion effects are the best for all 
criteria. This project is in that case dominant 
over all other alternatives, irrespective of the 
priorities attached to the various criteria. Such a 
dominance analysis can also be performed be-
forehand to reduce the number of choices. 

Nevertheless, it is not unusual that many 
conflicting criteria are considered, which make 
a straightforward interpretation of the evaluation 
matrix almost impossible. In that case, as al-
ready said above, an additional statement is re-
quired regarding the importance (say priority) of 
the various criteria. This is the input information 
of the subjective part of the problem. When sev-
eral decision-makers are going to take part into 
the selection procedure, we have to deal with 
various views (subjective standpoints) concern-
ing possible criterion priorities. These stand-
points can be summarised into a priority matrix, 
having the structure described in Fig. 7.3. 

Fig. 7.2 - Structure of an EVALUATION Matrix (named even IMPACT Matrix or EFFECT Matrix) 

ALTERNATIVES (PROJECTS) 
A B C D ... 	Etc. 

CRITERIA 
1 
2 
3 

 

Criterion scores (or Effects, or Impacts) 

  

Etc. 

   



Etc. 
Fig. 7.3 - - Structure of a PRIORITY Matrix 

Priorities (number or qualitative expressions) 
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CRITERIA 
1 
	

2 
	

3 
	

4 
	

Etc: 

Etc. 

The priorities can be represented by means 
of quantitative (real) numbers (e.g., 0.18, 0.02, 
0.88), by means of ordinal expressions (e.g., 
"very important", "important", "less impor-
tant".) or binary statement (relevant, irrelevant). 

Quantitative expressions are usually referred 
to as weights, whereas ordinal expressions are 
designated as priorities. The approach here fol-
lowed is based upon the use of quantitative 
numbers, in order to perform sensitivity analy-
ses on subjective standpoints throughout con-
tinuous weight-scales. Thus, ordinal and binary 
statements — if any — must be necessarily trans-
formed into a quantitative scale. 

There is a large number of arithmetic tech-
niques to link the information from the evalua-
tion matrix (i.e., Fig. 7.2) with the information 
contained in the priority matrix (Fig. 7.3). 
Whatever the technique used, the final results is 
a preference ranking order usually represented 
by final scores that provide an appraisal for 
each project. These results could be arranged 
into a new matrix having the structure shown in 
Fig. 7.4. Such a matrix provides a sensitivity 
analysis on the preference order of the projects 
assessed by the different standpoints included 
into the priority matrix. The results cone- 

Fig. 7.4 - - Structure of a APPRAISAL Matrix  

sponding to every standpoint are presented in a 
discrete, independent way.  

MEA  here described proposes also some 
graphic metaphors to perform sensitivity analy-
ses on priorities following continuous variations 
on weight values. The method used is an adap-
tation of a hierarchy analysis and implies a pri-
ori classification of all the different criteria into 
homogeneous groups. In this sense, there are 
importance-factors that can be expressed 
throughout a set of homogeneous criteria clus-
tered into different groups. For performing the 
above mentioned graphic metaphors, 2 or 3 im-
portance-factors only must be assessed. This 
means to manage 2 or 3 groups of different cri-
teria. 

The generation of criteria is an essential step 
of the formulation of the evaluation problem. It 
is possible to distinguish two different ap-
proaches to arrive at a set of evaluation criteria: 
a) the deductive_approach, that evolves from a 

number of general (say main) criteria, or 
characteristics of the evaluation problem at 
hand; these main criteria could include a 
large number of more specific and homoge-
neous factors, each representing, on its hand, 
a single criterion or a smaller subset of 

ALTERNATIVES ( PROJECTS ) 
A B C D  

 

Appraisals (ultimate indexes of preference) 
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evaluation criteria; an example of this may 
be the conventional territorial planning sec-
tors like Landscape, Working, Environment, 
Social interactions, Technical & Economic 
efficiency etc. 

b) the inductive approach, that starts with an in-
ventory of all features of the projects; in ad-
dition, these features are grouped and — 
eventually — aggregated in such a way that a 
set of homogeneous criteria arises. 

Both generation methods are based on the 
assumption that some sort of hierarchy of crite-
ria can be distinguished. Hierarchy analysis in-
volves the concepts of specification and means-
ends. Specification implies a subdivision of a 
criterion into one or more lower-level criteria, 
thus clarifying the intended meaning of the 
higher-level criterion. These lower-level criteria 
can also be considered as the means to the end, 
the end being the higher-level criterion. In other 
words: by identifying the end to very precise 
criteria, an hierarchy can be built up to higher 
levels. In this way, several relationships can be 
identified and proposed within a so called 
"objective tree". 

Anyhow, from a methodological standpoint 
it should be stressed that when generating 
evaluation criteria a consequent deduction or in-
duction approach must not be pursued per se. A 
methodical  "top-down"  or "bottom-up" deriva-
tion of criteria will undoubtedly run the risk of 
generating more or less "artificial" hierarchical 
patterns, whereby the form surpasses the con-
tent. In  MEA  practical applications, a combina-
tion of both approaches — either simultaneously 
or sequentially — may overcome this problem. In 
that case it is better not to stress the importance 
of systemising the process of generating criteria, 
but to watch carefully and systematically that no 
lacunae exist in the final set of evaluation crite-
ria. 

In the case of the evaluation of hydropower 
plants, the problem is facilitated by the fact that 
the effects of each solution at hand should be 
already determined as objectively as possible 
when designing the executable projects. A priori 
list of default criteria can be always extracted 
from the original project and proposed as com-
mon-key for a comparative evaluation. Thus, the 
inductive approach should be preferred if all the 
project tasks are carried out following a com-
mon methodology that leads to the calculation 
of the most relevant effects. When performing a  
MEA  exercise, it is important to have the possi- 

bility of managing a flexible calculation tool 
able to provide a list of unambiguous criteria 
among which one can select those that are 
judged relevant for the particular problem at 
hand. The tool must even provide a flexible ap-
proach in clustering the criteria into homogene-
ous groups, thus enabling the decision-makers 
in personalising their own sets of higher-level 
and lower-level criteria. In addition, the user 
must be able to specify the relative importance 
of each lower-level criterion within its own 
higher-level group, as well as the relative im-
portance among the different higher-level 
groups directly (whilst maintaining constant the 
relative weight proportion of each lower-level 
criterion inside the group it belongs to). 

The software package that will be discussed 
in the next chapter performs  MEA  calculations 
according to the above mentioned criteria-
functions. It even provides a list of default crite-
ria that can be selected by the user according to 
his objectives. Criteria can be then clustered into 
2 or 3 groups defined by the users. Anyhow, the 
program proposes 3 default groups of higher-
level criteria: 

Economic-related factors: related to the 
monetary and financial aspects of each proj-
ect (such as: energy yearly produced by the 
plant, specific investment required - 7MW, 
foreseen time of construction, workers em-
ployed during operation, etc.); 
Environmental-related factors: related to the 
impact that each project is able to induce into 
the environment in terms of variation of the 
original and natural living conditions (such 
as: CO2  emissions avoided, total area newly 
inundated, length of overhead transmission 
lines, area used by additional constructions 
as roads or  parkings,  noise emission from 
powerhouse, etc.); 
Technical-related factors: related to the con-
structive and management aspects that char-
acterise each project (installed rated power 
capacity, percentage of the daily water vol-
ume transferred from empty to peak hours, 
percentage of underground powerhouse, 
fixed dam height). 

It is essential to underline that the above 
groups are only a basic suggestion, as the user 
can subjectively assigning a criterion to this or 
that group; for example: some constructive as-
pects - such as the "fixed dam height" - could be 
seen also as belonging to the group of the envi-
ronmental-related factors. New groups can be 
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even proposed according to the general meaning 
given to the analysis. In general terms, when 2 
or 3 groups are going to be considered for per-
forming a sensitivity analysis on the priority 
(viz., subjective) aspects of the problem, atten-
tion should be paid in organising homogeneous 
groups with a similar number of criteria. On the 
contrary, the risk could be to assign a too much 
relevant importance to some items when few 
criteria are included into a group. 

7.3 THE STANDARDISATION OF INPUT 
DATA 

DEFINITIONS 
Once the impact matrix has been constructed 

- and independently on the arithmetic proce-
dures we are going to perform to get the  MEA  
final results - the first problem we have to deal 
with is that criterion effects are mutually in-
compatible since most of the measurement units 
will differ from each other. To make the various 
criterion effects compatible it is necessary to 
transform them into one common measurement 
unit, for example taking care that for each crite-
rion the transformed effects will have a range 
from 0 to 1. 

This kind of transformation is called stan-
dardisation (or normalisation). 

As stated before, the standardisation proce-
dure produces an effectiveness matrix starting 
from the criterion effects of an impact matrix. 

STANDARDISATION FORMULAE 
Types of transformations 

Suppose we want to evaluate a finite number 
of alternative hydropower projects  i (i  = 1, 2, 
..., I) by means of a finite number of criteria j (j 
= 1, 2, ..., J). For each project, the criterion ef-
fects zj1  are integrated into an impact matrix Z of 
order J x I with the following structure: 

z, I — zu zu 

(7.1) Z = zjl 

ZJ I 

— 	Z l~ 

— Z✓t 

zi, 

— 	zJl _ 

Many standardisation methods are used in  
MEA,  which are often specifications of the fol-
lowing generalised transformation function:  

(7.2) 	r. = 

[Zfli 
a ja 

where a is a scaling parameter, which has to 
be selected a priori. The size of this scaling pa-
rameter determines the influence of the absolute 
magnitude of the various "raw" zj, effects (viz., 
referred to each criterion). 

The following types of standardisation, even 
according to different a-values, can be pro-
posed: 

Vector normalisation; 
Linear scale transformation; 
Min-Max transformation. 
Whatever the standardisation type, the result 

is an effectiveness matrix R of order J x I with 
the following structure: 

r11  - Y i - rir 

(7.3)  R = rjl 

r✓1 

_ 	Y~l 

— r . 

_ YII 

_ r✓I 

Vector normalisation 
This procedure implies that each row vector 

of Z is divided by its norm, so that a normalised 
plan impact r,, can be determined as: 

(7.4) 	rii  

EzJ 
Note that the use of this so-called Euclidean 

norm as standardisation factor is obtained by 
setting the scaling parameter in Eqn.7.2 as a=2. 
Alternatively, the scaling factor a=1 could be 
proposed. In such a case,  ri,  is found by dividing 
each zz, by the sum of all z-effects for a particu-
lar j-criterion. Both the approaches calculates an 
effectiveness score rj, that will only very seldom 
receive the value 1. Also the value 0 can only be 
obtained if the original effect zz, is 0 itself. In 
general, it can be said that in both cases a skew 
distribution with emphasis to the lower effects is 
produced. Eqn.7.4 is more attractive to give an 
additional relevance to larger numbers: in such a 

z,, 
(a >_0) 

 

zit 
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case the resulting range of the re  scores will be 
larger than the one obtainable with the scale pa-
rameter a=1 (Table 7.1). 

Linear scale transformations 
According to what stated at the previous 

point, it is clear how the higher the parameter a, 
the larger the range of the re, scores that will be 
calculated for each criterion-raw. When this as-
pect must be particularly emphasised, the best 
standardisation procedure appears to be: 

(7.5) 	ri g  = lira 

This implies that each criterion effect  ze  is 
divided by the highest criterion effect for the 
criterion j concerned. Such a procedure guaran-
tees that always one rji-score for each j has 
value 1, whereas the lowest standardised value 
depends on the absolute magnitude of the origi-
nal criterion score  ze;  re;  will be 0 only if  ze  is O. 
This approach is very useful in standardising an 
evaluation matrix that will be analysed by a 
weighted summation technique or any other 
technique which uses the magnitude of the indi-
vidual scores (standardised effects). 

Min-Max transformations 
This third type of standardisation is espe-

cially appropriate where a technique is used 
which performs a pairwise comparison of the 
criterion scores. The standardisation procedure 
is performed as: 

z . - min z~;  
I t 

max z j;  - min z 

a case differences in scores are  

measured irrespective of the magnitude of the 
original "raw"  ze-impacts. This transformation 
means that the worst criterion score will always 
be given a standardised value of 0, whereas the 
best criterion score will always have a stan-
dardised value of 1. Evidently, instead of the 
highest raw score a hypothetical maximum 
score (satisfying effect) may be used both in 
Eqns. 7.5 and 7.6. Such a hypothetical score 
may be seen as some kind of achievement level. 

Comparison of transformation methods 
In Table 7.1 a numerical example is given of 

the transformation methods above discussed. It 
refers to an hypothetical criterion whose effects 
(measured in relation to 4 different projects) are 
listed in the first row. 

The last column indicates the differences re-
sulting in the effectiveness re- scores for each of 
the transformation performed. Notice that the 
standardised values obtained by the vector nor-
malisation with a=1 (21'd  row) are all rather low. 
In such a case we also have the minimum rep 
range. The latter increases with a=2 (3 d̀  row). 
Since the original effects do not include the 
value zero, the transformed scores of the first 3 
methods do not have a zero either. However, the 
last row does contain both 0 and 1 values, which 
is a typical characteristic of Eqn. 7.6. 

Min-Max method is largely suitable to be 
applied to  MEA  calculations performed via con-
cordance analysis, that carries out a series of 
pairwise comparisons of the criterion scores. 
Anyhow, it can be easily shown that the correct 
use of a method instead of another one does not 
affect sensitively the ultimate ranking of alter-
native plans. 

STANDARDISATION ACCORDING TO CRITERION 
DIRECTION 
A further aspect to discuss related to stan-

dardisation methods is the issue of the direction 
of the criterion effects. For some of the criteria a 

 

zit 

 

zit  
max zit  t 

  

   

(7.6) 

In such 

r = 

Table 7.1— A numerical example of some standardisation methods 

Original z;-  effects (raw-scores): 

Projects 
A 

2.5 

B 	C  

25 	250 

D  

500 

Effectiveness  
ri;-range 

Vector normalisation ( a=1 ) 0.003 0.032 0.319 0.639 0.636 
Vector normalisation ( a=2 ), Eqn. 7.4 0.004 0.045 0.447 0.893 0.889 
Linear scale transformation, Eqn. 7.5 0.005 0.050 0.500 1.000 0.995 
Min-Max transformation, Eqn. 7.6 0.000 0.045 0.497 1.000 1.000  
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higher criterion effect implies a better effect, 
whereas for other criteria a higher score might 
imply a worse effect. The first kind of criteria 
are usually called benefit-criteria, whereas the 
second type can be denoted as cost-criteria. An 
example of a benefit criterion is "the local en-
ergy demands directly supplied by the hydro-
power plant (in terms of % of the present de-
mand)", and an example of a cost criterion is 
"the specific investment required to install the 
plant (e.g., in terms of AIM ". An increase in 
the former effect will undoubtedly be received 
as positive, while an increase in the latter effect 
will be obviously seen in a negative way. Any-
how, sometimes it is not so immediate to distin-
guish between benefit or cost criteria. Let's con-
sider the effect "length of new access roads that 
must be constructed to reach the plant". An in-
crease on such a length could be judged as posi-
tive by decision-makers that are actually inter-
ested in developing new infrastructure in poor, 
marginal areas. But there could be some oppo-
site standpoints that tend to see this increase in a 
negative way because it even implies an in-
crease of the installation costs or an increase of 
forest areas that will be indirectly damaged by 
the plant construction. 

The above considerations lead to the fol-
lowing practical consequences: 

when constructing the impact matrix Z, the 
user must be enabled to specify for each cri-
terion which type of direction he is going to 
consider (B: benefit-criterion; C: cost-
criterion); this means that an additional bi-
nary property must be added to criteria for-
mulation; 
each standardisation method must be accom-
panied by a consideration of the effect direc-
tion, i.e. the effectiveness scores of the cost-
criteria must receive the same direction as 
the benefit-criteria, or vice versa; in other 
words: the aim is to obtain an effectiveness 
matrix R irrespective of the direction as-
signed to the original effects; all the re  scores 
must be calculated in such a way that the 
higher rj;, the better the standardised situation 
calculated for the j-th  criterion of the  i-th  
project; 
during the analysis, the user must be enabled 
to provide an easy change in the criteria di-
rection; such a change necessarily require the 
calculation of a new R-matrix. 

The target outlined in the previous point 2 
may be done by subtracting the standardised  

score, whose direction has to be changed (typi-
cally a cost-criterion), from one. When all 
scores have to be formulated according to the 
direction "the higher, the better", the following 
transformation must be performed: 

=r, (benefit—criterion) 
(7.7) Directed standardised score 

=1—r,, (cost — criterion) 

Eqn. 7.7 can be applied to all the standardi-
sation procedures discussed in the previous 
paragraph. The resulting directed standardised 
scores can then be further analysed by means of 
the various  multicriteria  evaluation techniques. 

7.4 CRITERION PRIORITIES: THE 
WEIGHING SYSTEM 

A very important component of  MEA  con-
cerns the priorities attached to the various crite-
ria. This component reflects the subjective part 
of the input information to be provided to the  
MEA  procedures, trying to reproduce the per-
sonal standpoint of the decision maker. Priori-
ties are expressed throughout a weighing sys-
tem: for each criterion j a relative weight w;  may 
be determined such that the following additivity 
condition is satisfied: 

(7.8) 	1,  =-1 
j =1 

Thus the weighing system is essentially rep-
resented by a vector W =  [wi,  w2, ..., wj]. When 
several decision standpoints are considered with 
the problem at hand, different W-vectors will be 
included into the priority matrix, one vector for 
each view. 

These weights are not necessarily trade-off 
(or marginal rates of substitution) between al-
ternative criteria. The easiest way to determine 
these weights is to ask the decision-maker to in-
dicate the relative importance of a certain crite-
rion with respect to the other criteria on a cardi-
nal scale ranging for example from 0 to 10 (an 
ordinal scale could be even proposed). By stan-
dardising these weights relationship assessed by 
Eqn. 7.8 may be obtained. 

It should be noted that the weights are 
closely related to the unit of measurements of 
the decision criteria; the most practicable way to 
avoid dimensional problems is to relate these 
weights to the effectiveness r;;  scores in R ma-
trix. This implies, for example, that a weight 
attached to environmental quality as such is 
rather meaningless, but that a weight has to be 
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specified so that it reflects the relative impor-
tance attached to the marginal percentage 
change in environmental quality by the proj-
ect(s) concerned. 

It is clear that the determination of weights is 
far from an easy task. In fact, two alternative 
ways are open to assess relative priorities of de-
cision-makers: 

the implicit method, based on an ex post 
analysis of revealed preferences; 
the interview method, based on a priori as-
sessment of priorities by means of inter-
views. 
The interview methods are in general more 

favourable than the implicit methods owing to 
the fact that an ex post assessment of relative 
priorities mostly requires a repetitive decision 
situation. It should be even noted that the inter-
view method does not lead to "objective" 
weights, since the evaluation of decision criteria 
is always co-determined by social, economical 
and political conditions that form the general 
background context of the analysis problem at 
hand. Since, however, an assessment of priority 
schemes of decision-makers is fraught with dif-
ficulties, a sensitivity analysis must be per-
formed on the composition of the weighing 
system to test the stability of the ultimate re-
sults. 

The approach here proposed is mostly based 
upon the use of a weighing system represented 
by a set of quantitative expressions reflecting 
the condition stated by Eqn. 7.8. So we have 
quantitative weight-numbers that permit con-
tinuous weight-combinations in order to per-
form sensitivity analyses on subjective stand-
points. The results of these analyses can be rep-
resented via an appraisal matrix (Fig. 7.4) or 
even via graphic metaphors. In the latter case, 
criteria must be prior clustered (following a hi-
erarchical approach) into homogeneous groups 
(higher-level criteria) as already discussed. 

Suppose we want to cluster the original finite 
number of criteria (j = 1, 2, ..., J) into a finite 
number of groups (n = 1, 2, ..., N). Each group 
will receive a finite number of criteria (inn  = 1, 
2, ...,  Mn )  so that: 

(7.9) 	 M n  = J 
n=1 

The condition assessed by Eqn.7.8 still re-
mains valid, because the original absolute 
weights are maintained. In fact, when the origi-
nal j-th  criterion becomes the meth criterion of  

the n-th  group, we still have that: 

p L 	N M„ 

(7.8 bis) E Ewn,m„ = 1 
n=1 m„  

The absolute weight of the n-th  group (gn) is 
given by: 

M„ 
(7.10) 	gn = E wn,m„ 

m„=1 

Here the term "absolute" is used to underline 
the difference with the "relative" weight (pmn) 
that each criterion has within its own group: 

(7.11) 

The link between absolute and relative 
weights is then assessed by the following: 

(7.12) 	wn,m„ = gn ' Pm„ 

In Table 7.2 a numerical example is given of 
the weight-concepts above defined. 

The software package that will be presented 
in the next chapter provides an efficient com-
puter user-friendly interface to group criteria 
and manage weight assessment. It even per-
forms sensitivity analyses providing graphic-
metaphor outputs to study the stability of ulti-
mate rankings according to different weight-
standpoints. To do this, only 2 or 3 groups of 
criteria can be set by the user. 

According to the above formula, it is clear 
that - when the criteria are going to be clustered 
into groups — there are two alternative possibili-
ties for entering the weighing system of the 
problem at hand: 

direct input of the ww  absolute values, when 
the weights are entered before grouping cri-
teria; group weights gn  and relative weights 
inside each group pmn  will then depend on 
the distribution of criteria among groups; 
direct input of the group weights gn  and of 
the relative weights inside each group pmn, 
when we want to give more relevance to the 
effects deriving from the clustering process, 
that is performed before the weight assign-
ment; absolute weights will then be derived 
by Eqn.7.12. 
Obviously, the two methods do not affect 

=1 
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Criteria Groups 

n 

Absolute 
Weights 

Group 
Weights 

Relative 
Weights  

inn  Wi = wn,mn 
g„ 

Pmn 

1 
2 
3 

1 
1 
1 

1 
2 
3 

10 
2 
8 

20 
50 
10 
40 

4 
5 
6 
7 

2 
2 
2 
2 

1 
2 
3 
4 

6 
12 
4 
4 

26 
23 
47 
15 
15 

8 
9 
10 

3 
3 
3 

2 
3 

20 
2 
32 

54 
37 
4 
59 

Total 100 100 

Table 7.2 — A numerical example of weight treatment when grouping criteria 

directly the final result. Their choice is rather 	the arithmetic procedures to combine the infor- 
linked to the approach that the user wishes to 	mation from the evaluation matrix Z with the 
follow in defining his own priorities. The sec- 	information from the priority matrix in order to 
ond method is evidently more in relation to the 	arrive at interpretable conclusions concerning 
application of an hierarchical analysis. 	 the general quality or desirability of the alterna- 

tives under considerations. In some methods the 
7.5 THE CONCORDANCE ANALYSIS 	operational simplicity of the arithmetic proce- 
GENERAL ASPECTS 
	 dure is stressed, whereas in other methods a 

Most differences in  MEA  methods arise from 	more sophisticated approach is favoured to 

Table 7.3 — Projects considered in the  MEA  exercise discussed in the text. 

Name of Project 	Id. 	 Description  

Label 
New Project NEW 	Installation of a 1.1 MW rated hydropower plant able to pro-

duce 5.5 GWhe/yr. Advantages:  general low impacts on the 
environment and the landscape (very few visible structures). 
Disadvantages:  high installation costs and plant with a low 
rated electric power. 

Old Project OLD 	Installation of a 1.5 MW rated hydropower plant able to pro-
duce almost 6.4 GW1k./yr. Advantages:  low installation costs 
and plant with a high rated electric power; Disadvantdzes: 
general high impacts on the environment and the landscape 
(many relevant visible structures). "OLD" is for the designing 
method that recalls traditional approaches, generally irrespec-
tive of environment and nature needs. 

Left Riverside 	LEFT Installation of a 1.05 MW rated hydropower plant able to pro-
duce 5.3 GWhe/yr. Advantages: similar to NEW, but with 
lower intensity; here we also have the lowest installation 
costs; Disadvantages:  it has the lowest rated electric power 
installed. In practice this is a compromise solution between 
NEW and OLD (the penstock is planned to be installed on 
river left-side instead of right-side as the previous solutions).  

Alternative Zero 	ZERO 	No installation is planned. 
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Name of CRITERIA Unit of 
measure 

Direction 
(B/C) 

Def.  h-1 
group 

Id. Label Definition 

1 EnPro Energy produced by the plant GWh/Y B ECO 

2 EmisAv CO2  emission avoided Mt/y B ENV 

3 InstPow Installed capacity MW B TEC 

4 InvPow Specific investment (capacity) LkW C ECO 

5 LgtNwRds Length of new access roads to the 
plant 

km B ENV 

6 BekLgt Backwater length in case of mean 
water 

m C ENV 

7 %DailyTrans Percentage of the daily water volume 
transferred from empty to peak hours 

% B TEC 

8 DmHgt Dam height m C ENV 

9 BedLoad Interruption of bedload transport % C ENV 

10 AreaPow Area used by the powerhouse m2 C ENV 

11 PercUndPow Percentage of underground power- 
house 

% B ENV 

12 DivLng Diversion length km C ENV 

13 PerclnPnst Percentage of underground penstock 
or channel 

% B ENV 

Table 7.4 — Criteria considered in the  MEA  exercise discussed in the text. The tables even indicates a default 
higher-level group each criterion is assigned to by default (ECO = economic-related group; TEC = technical-
related group; ENV = environmental-related group) 
avoid an improper use of the information 
sources. Nevertheless, every method is based on 
assumptions which can not often be properly 
explained nor justified. 

Concordance analysis is a  MEA  cardinal 
technique, which uses the quantitative proper-
ties of the input data. It is based on ranking 
techniques for the effects of decision criteria 
related to a set of distinct alternative plans. This 
method is less appropriate when continuous de- 

cisions are to be made, but such a case is not 
typical for comparative evaluation problems of 
alternative hydropower installations. The 
method was originally developed in France in 
the sixties, where it is usually called Electre-
method (ELimination Et  Choix  Traduisant  la 
REalitè). 

The central aim of this cardinal technique 
foresees the use as input data of both the impact 
matrix Z and the weight vector W. A common 
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Criteria 	Unit of 	Direction 
measure 	(B/C) 

Projects 
NEW OLD LEFT ZERO 

EnPro 	 GWh/year 	B  5.50 6.38 5.30 0 

EmisAv 	CO2Mt/yr 	B 5.50 6.38 5.30 0 

InstPow 	 MW 	B 1.10 1.50 1.05 0 

InvPow 	 VkW 	C 2.488 2.410 2.400 0 

LgtNwRds 	 m 	B 1,930 0 1,930 0 

BckLgt 	 m 	 C 0 36.00 11.00 0 

%DailyTrans 	% 	B 20.00 0 20.00 0 

DmHgt 	 m 	 C 0 1.50 1 0 

BedLoad 	 % 	C 50.00 75.00 50.00 0 

AreaPow 	 m2 	 C 170.00 200.00 180.00 0 

PercUndPow 	% 	 B 60.00 30.00 50.00 100.00 

DivLng 	 m 	C 1,400 2,200 1,450 0 

PerclntPnstH 	% 	B 65.00 45.00 100.00 100.00 
Table 7.5 - Impact matrix Z of the numerical example discussed in the text 

feature with respect to cost-benefit analysis is 
that both methods start off from the plan impact 
matrix which incorporates the outcomes of rele-
vant decision criteria for alternative plans. The 
weighing schemes of a concordance method, 
however, differ significantly from monetary 
measures of a cost-benefit analysis. The intro-
duction of W implies that for each pair of plans 
separately a concordance measure and a discor-
dance measure can be constructed on the basis 
of which the relative (pairwise) preferences with 
regard to alternative plans can be determined. 

EXERCISING THE METHOD ONA CASE STUDY 
Concordance analysis is here described ap-

plying its calculation procedures to an example 
concerning the problem of choosing among 3 
different hydropower plant solutions to be in-
stalled in a mountain valley in Northern Italy 
(Val Salarno). There is even a further solution, a 
"zero" solution, that is the situation in which no 
action is planned. These 4 alternatives are com-
paratively evaluated taking into consideration 
13 criteria of different nature. A brief presenta-
tion of projects and criteria is given in Tables 
7.3 and 7.4, respectively. 

The effects of each alternative were brought 
out from the feasible projects drawn for each 
solution. The impact matrix Z shown in Table  

7.5 was thus constructed. 
Different weight vectors W were consid-

ered. They are shown in Table 7.6 where a pri-
ority matrix for the exercise at hand is pre-
sented. Here there are 8 standpoints reflecting 
different priorities with respect to the higher-
level groups in which each criterion can be 
clustered in. For each criterion the definition of 
its higher-level group it belongs to is again 
given in Table 7.4. For simplicity, and apart 
from the VIII view (Designer's view), the pri-
orities in the table are even presented through-
out integer numbers, in order to make more 
clear the relative preference assigned to each 
criterion. The condition established by Eqn.7.8 
is always respected normalising such integers to 
obtain the relative weighing system W to be in-
putted prior  MEA  calculations. In this way, we 
can quickly see that the view Equal implies the 
use of the same priorities for each criterion 
(each with an absolute weight of approx. 7.7%), 
whilst the view MoreEco assigns a double im-
portance to the two Economical-related criteria 
(i.e., EnPro and InvPow) when compared with 
all the other criteria in the analysis. In the Very-
HighEco view such importance rises up to 20 
times as much as the other criteria: this is an 
extreme standpoint, with EnPro and InvPow 
that alone collect almost the 80% of the overall 
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VIEWS 
CRITERIA 

1 2 3 4 5 6 7 8 9 10 11 12 13 
I Equal 1 1 1 1 1 1 1 1 1 

7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7  
H MoreEco  

(94;) 
2 1 1 2 1 1 1 1 1 1 1 1 1 

13 6.7 6.7 13 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 
III VeryHighEco 

(x9) 
20 1 1 20 1 1 1 1 1 1 1 1 1 

39 2 2 39 2 2 2 2 2 2 2 2 
IV HighEcoLowTec 

(%) 

11 2 1 11 2 2 1 1 2 1 1 2 1 

29 5 3 29 5 3 3 5 3 3 5 2 
V LowTec 

(OA) 
6 5 1 6 5 5 1 1 5 1 1 5 1 

14 12 2 14 12 12 2 2 12 2 2 12 
VI HighTec  3 1 5 3 1 1 5 5 1 5 5 2 5 

12 7 2 2 12 12 2 12 12 5 13 
VII LowEnv 4 1 2 4 1 1 2 2 1 2 2 1 2 

VIII Designer's view 
14 
	

10 
	

2 

Table 7.6 — Priority matrix attached to the numerical example discussed in the text. Only the last view in 
the table is entered on a 0..100 rational scale. All the other priorities are expressed as integer values un-
derlying the relative differences among criterion preferences. 

importance "budget". In every type of applica-
tion the Equal view could be a good starting 
standpoint. 

Other extreme standpoints are, for example, 
represented by the V and VI views, reflecting a 
low and a high interest for the technical-related 
criteria, respectively. In the former view (Low-
Tec) each criterion related to technical aspects is 
assigned with a relative importance that is 5-6 
times as low as possible the ones assigned to the 
other economical and environmental criteria; in 
the latter view (HighTec), such technical as-
pects have up to 5 times more importance than 
the other aspects. 

It is essential to underline now that all the 
views assessed in the exercise here discussed 
(apart from the Designer's View) have the 
common characteristic of maintaining equal 
relative weights  within the criteria belonging to 
the same higher-level group. Here the "relative 
weight" must be intended in the terms defmed 
by Eqn.7.11. In other words: the criteria clus-
tered into the same group have always the same 
absolute weight. It can be easily seen that this is 
not true for the view VIII. The views from I to 
VII must simply be seen as an exercise to ex-
plore the sensitivity of the method. 

These views will be combined with the im-
pact matrix of Table 7.5 to produce a final ap-
praisal matrix. This will be even integrated by 
graphical sensitivity analysis. Nevertheless, the 
numerical example we are going to present and 
discuss will refer to the figures listed in view 
VIII. 

CONCORDANCE CALCULATION ALGORITHMS 
Calculation steps 
The solution of every  MEA  problem via 

concordance analysis must be implemented 
throughout a series of successive steps:  

Standardisation; 
Concordance and Discordance sets; 
Concordance matrix; 
Discordance matrix; 
Concordance dominance index; 
Discordance dominance index; 

vii.Elimination and selection of alternatives. 

Several runs are required to perform sensi-
tivity analysis, modifying effects in Z or 
weights in W. When only the content of W is 
modified (e.g., passing from one view to another 
in the priority matrix), only the steps from (iii) 
to (vii) must be repeated. If changes consider 
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Criteria 
Projects 

NEW OLD LEFT ZERO 

EnPro 0.8621 1 0.8307 0 

EmisAv 0.8621 1 0.8307 0 

InstPow 0.7333 1 0.7000 0 

InvPow 0 0.0314 0.354 1 

LgtNwRds 1 0 1 0 

BckLgt 1 0 0.6944 1 

%DailyTrans 1 0 1 0 

DmHgt 1 0 0.3333 1 

BedLoad 0.3333 0 0.3333 1 

AreaPow 0.1500 0 0.100 1 
PercUndPow 0.4286 0 0.2857 1 

DivLng 0.3636 0 0.3409 1 

PerclntPnstH 0.3636 0 1 1 

Table 7.7 — Effectiveness matrix R calculated when the Min.Max 
standardisation procedure is applied to figures in Table 7.5 

even figures in Z, all the steps from  (i)  to (vii) 
must be re-performed. 

The standardisation procedures are the same 
described at 7.3. Here it was decided to apply 
the Min-Max method. When Eqns. 7.6 and 7.7 
are applied to all the original outcomes of Table 
7.5, the effectiveness matrix R presented in Ta-
ble 7.7 is produced. 

Concordance and Discordance sets 
The basic approach of concordance analysis 

involves a pairwise comparison — in terms of 
each criterion taken individually — of all the 
alternative plans in the matrix R. From each 
comparison between two plans  i  and k we obtain 
a Concordance set Cik  and a Discordance set 

The Concordance set includes all the criteria 
j for which plan  i  is preferable to plan k: 

(7.13) 	C;k ={jiri;  >rik  } 

Conversely, the Discordance set is defined 
as: 

(7.14) 	Dik ={ j I r;;  < rik  }  

By definition, the following relationship ex-
ists between the two sets: 

	

(7.15) 	Ca  = 

In fact, when r  i  t  = r  i  k  the corresponding 
criterion will not belong to either of the two 
sets. For example, from Table 7.7 it emerges 
that: 
CNEW,L EFT = C 13={1,2,3,6 ,8,10 ,11,12} 

and 
DZERO,OLD = D42 = {1, 2, 3}. 

Positive aspects of alternatives 
They are considered by the concordance 

matrix  and the Concordance Dominance Index. 
It is clear that the concordance set C;k  will con-
tain more elements as plan  i  dominates plan k 
with regard to more criteria. The relative domi-
nance can now be represented by means of a 
concordance index (elk) that can be defined as: 

	

(7.16) 	c,k = Ew, , di#k 
JEC;k 

In other words: the concordance index of 
plan  i  with respect to plan k is equal to the sum 
of the weights attached to the criteria belonging 
to the concordance set of plan  i  with respect to 
plan k. Consequently, the concordance index  cd,  
can be interpreted as the relative dominance of 
plan  i  above k: a high value of c;k  indicates that 
for the criteria belonging to the concordance set 
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plan  i  is preferred to plan k;  if cik = 1, there is a 
complete dominance of plan  i  with respect to 
plan k ; if c,k  = 0, plan  i  is worse than k for any 
criterion. 

All the concordance indices cik  are then in-
cluded in a (non-symmetric, square) concor-
dance matrix C of order I (= number of alter-
natives): 

(7.17) 	C = 

Each element cik  indicates the relative domi-
nance of plan  i  with respect to plan k, and is cal-
culated by summing the weights associated with 
the criteria that belong to the concordance set 
C  i  k (Table 7.8). 

It is clear that, the greater the value of cik 
with respect to ckl, the better plan  i  will prove to 
be in comparison with k. The difference (elk  -
ckl) therefore provides a measure of the relative 
dominance of  i  as compared with k. Hence, in 
our example, plan 1 (New Project) is more ad-
vantageous than plan 2 (Old Project) because: 

c12 - c21 = 0.61 -0.39=0.22>0 
After making all the pairwise comparisons 

between alternative plans, a Concordance 
Dominance Index  (ci )  is calculated as follows: 

I I 

Ec,k  — Eco  , Vk#i 
k=/ 	k=1 

The terms Ec;k  and Eck, represent, respec-
tively, the row and column sums of concordance 
matrix C (Table 7.8). The row sum expresses 
the absolute dominance of  i  with respect to all  

alternative plans k. Conversely, the column sum 
expresses the absolute dominance of the set of 
alternatives k with respect to  i.  

Clearly, a positive value of c, reflects a 
dominance of plan  i  with respect to all other 
plans, the dominance being stronger as c, is 
higher. Consequently, the plan to be selected as 
the most "appropriate" one on the basis of the 
concordance information should satisfy the con-
dition: max;  cl.  All other plans can be selected in 
a decreasing order of concordance dominance. 
A preference ranking order is thus obtained. In 
our example, plan 1 (New Project) proves to be 
most preferable, with a concordance dominance 
index:  

cl  = 1.70 — 1.06 = 0.64 > 0 
that is higher than all the others. 
Conversely, plan 2 (Old Project) results to be 

the worst solution to be preferred, having the 
lowest concordance dominance index: 

c2 = 1.01— 1.87=-0.86<0 

Negative aspects of alternatives 
The above ranking only takes into account 

the positive aspects of the various plans, but 
tells us nothing about their weak points. In fact, 
a comparison of two plan  i  and k leads in gen-
eral to the conclusion that some effects of  i  are 
better than k, but that other effects of  i  are worse 
than k. Therefore, in addition to a measure for 
the relative dominance of  i  with respect to k, an 
index reflecting the extent to which plan  i  is 
worse than k may be defined. This means to in-
clude into the analysis also the plan negative as-
pects throughout the construction of discordance 
matrices and the calculation of Discordance 
Dominance Indeces, all derived from the dis-
cordance sets. 

Different methods for calculating the discor-
dance index du, have been suggested, for a vari-
ety of applications and purposes. A first method 
calculates the simple discordance index as 

(7.18) 	c;  = 

Table 7.8 — Concordance Matrix (c;  = concordance dominance index 
NEW OLD LEFT ZERO  Ci  

NEW 0 0.6100 0.6600 0.4300 1.700 0.6400 

OLD 0.3900 0 0.3100 0.3100 1.0100 -0.8600 

LEFT 0.2000 0.6900 0 0.4300 1.3200 -0.1000 

ZERO 0.4700 0.5700 0.4500 0 1.4900 0.3200 

E 1.0600 1.8700 1.4200 1.1700 
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( 7.19) 	dik  = max JEDik  

 

Zit - Zik 

  

   

where the denominator is defined as: 
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follows: 

(7.20) 	d''  = mczxlz — zJk 0<1,k51 

Analogously to the concordance index de-
fmed by Eqn.7.16, it is easily seen that 
The discordance measures the relative discrep-
ancy in the effects of 2 alternative plans, at least 
as far as the elements of the discordance set are 
concerned. A maximum discrepancy of plan 
with respect to k implies that d,k=1, while a 
minimum discrepancy implies that d,k=0. The 
elements  dik  can again be included in a (non-
symmetric, square) discordance matrix  D  (of 
order I): 

d12  

(7.21) 	D = 

d  _ 	••• 
As far as the example here discussed, let's 

consider the discordance comparison between 
plans 3 and 2, that is discordance set 

D32  = DLEFT,OLD = { 1,2, 3 }. 
Based upon on the original figures of the im-

pact matrix Z (Table 7.5), here we have that the 
absolute values of the effect-differences be-
tween plan 3 and 2 for all the criteria included in 
the discordance set (j = 1, 2 and 3) are calcu-
lated as follows: 
1 Z13 	Z12 1 = 1 5.30 — 6.381 = 1.08, for j=1, EnPro; 
1 Z23—  Z22 1 = 1 5.30 — 638 I = 1.08, for j=2, ErnisAv; 
1 Z33 —Z32 1 = 1 1.05 — 1.50 1 = 0.45, for j=3, InstPow. 

On its side, the maximum difference (dis-
crepancy) resulting for each criterion included 
in D32  is given by the followings: 

= I z12  — z14 I 	I 6.38 — 0 I = 6.38; 
= I z22 — 411 = I 6.38— 0 = 6.38; 
= I Z32 - Z34 = 1.50 — 0 I = 1.50. 

Then according to Eqn.7.19 the following 
ratios can be fmally calculated: 

for j=1: 1.08/6.38=0.17 
for j=2: 1.08/6.38=0.17 
for j=3: 0.45/1.50=0.30. 

The discordance index corresponds to the 
maximum value resulting from such ratios. Thus 
we have d32  = 0.30. In an analogous way we can 
calculate d42  = 1. This means that plan 3 (Left 
Riverside) is worse than plan 2 (Old Project) in 
relation to some criteria that however cause not 
relevant discrepancies. The highest one must be 
put in relation to the criterion j=3 (InstPow = 
Power Installed): such a discrepancy is equal to 
only the 30% of the maximum discrepancy that 
can be observed among all the plans. On the 
other side, a maximum negative discrepancy 
exists when plans 4 and 2 are compared. 

Note that the discordance index  dik  can be 
used using the re  standardised values of the ef-
fectiveness matrix instead of the original effects  
ze.  In such a case, and when the Min-Max trans-
formation is applied to construct matrix R, the 
following formula substituting Eqn.7.19 can be 
obtained: 

(7.19  bis) 	d  = max(Ir . — rJk JED,k 	Ji   
In fact, Eqn.7.20 always gives  d,'  = 1 as re-

sult, because the Min-Max method always pro-
vides a maximum discrepancy equal to 1. 

In a way analogous to Eqn.7.18 a Discor-
dance Dominance Index di can be constructed: 

(7.22) 	d, = 	d,k  - Ed,, , el( 
k=1 	k=1  

This index is a measure of the discordance 
dominance: a low value of di  (i.e., a negative 
value)  implies a stronger dominance of plan  i,  at 
least as far as the discordance information is 
concerned. The ultimate selection criterion for a 
plan on the basis of a discordance dominance is: 
mini& In a similar way the remaining plans can 
be ranked in a decreasing order of discordance 
dominance. 

For the example here discussed, the discor-
dance matrix constructed throughout the discor-
dance index defined by Eqn.7.19 is presented in 
Table 7.9. 

Since there are different methods to calculate 
discordance indices, the one above presented 
will be more specifically called synthetic Sim-
ple Discordance index (di,sp), to be distin-
guished by the others presented here after. 

In our example, plan 1 (New Project) still 
proves to be preferable, with a simple discor-
dance dominance index:  

dl  ,SD 1.9030 — 2.6667 = -0.7636 < 0 
that is lower than all the others. 

d21 

d2max 

d3max  



r.. - r.  

dm"  
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NEW OLD LEFT ZERO E di,SD 
NEW 0 0.2667 0.6364 1 I 	1.9030 -0.7636 

OLD 1 0 1 1 3.000 1.4333 

LEFT 0.6667 0.300 0 0.9646 1.9313 -0.7051 

ZERO 1 1 1 0 3.000 0.0354 

E 2.6667 1.5667 2.6364 2.9646 

Table 7.9 - Simple Discordance Dominance Matrix (d,,sp = synthetic discordance dominance index). 

Conversely, plan 2 (Old Project) still results 
to be the worst solution to be preferred, having 
the highest discordance dominance index: 

d2 , = 3.0000 - 1.5667 = 1.4333 >0. 
Thus the first and the last position of the plan 

preference order are exactly the same for the 
concordance and discordance measures. 

Another method to define the discordance 
index is an extension of Eqn.7.19, carried out by 
taking into account the relative weights attached 
to the effects of the successive criteria. This 
Weighted Discordance Index is equal to: 

[  w 
 . • 

(7.23) 	d . =  ik 	J E D
& 

 

where  d"  is defmed as: 

(7.24)  d =  max(w
J 	

-r 
Jk 

JED,k 
(1,k) 

Here the standardised scores  ri,  are always 
used, because the numerator and the denomina-
tor of Eqn.7.23 are not necessarily related to the 
same decision criterion. Again, note that when 
the Min-Max transformation is used,  d"  is al-
ways equal to the highest weight-value  wi  as-
signed to one of the criteria belonging to the 
discordance set  Dik.  In fact max I  ri ,  - T fi  I = 1  

For example, if we consider again the already 
mentioned discordance set D32= {1,2,3} , the cal-
culation of the weighted discordance index 
d32,sw0 is carried out throughout the following 
steps: 
for i=1: 
for j=2: 
for j=3: 

On its hand,  d'  is equal to the highest 
weight value assigned to the 3 criteria included 
into the discordance set, that is cr" = 0.14. Ac-
cording to Eqn. 7.23, the weighted discordance 
index is finally calculated as: 

d32,WD = 0.0270/0.14 = 0.1929. 
The relative weighted discordance matrix is 

presented in Table 7.10, together with the val-
ues of the synthetic indices d,,wp, always calcu-
lated based upon Eqn.7.22. 

The above 2 discordance indices ("simple" 
and "weighted") are only related to a maximum 
discrepancy  among project effects. Instead of a 
maximum discrepancy, in general a more repre-
sentative picture of discordance differences is 
obtained by defining two aggregate discordance 
indices,  both based on all differences among ef-
fects of criteria belonging to the discordance set. 

The first one is the Simple Aggregate Dis-
cordance index and is equal to: 

w1 ir13 - r12I = 0.14. 10.8307-1 1 = 0.0237; 
w2- I r23  - r22  I = 0.08- 1 0.8307-1 1 = 0.0135; 
w3-I r33- r32 I = 0.09- 10.7000-1 1 = 0.0270. 

Table 7.10 - Weighted Discordance Matrix  d,•  %ATLI = synthetic weighted discordance index). 
NEW OLD LEFT ZERO E di,wp 

NEW 0 0.1714 0.5455 0.5714 ' 1.2883 -0.5261 

OLD 0.7143 0 0.8571 0.8571 2.4286 1.0643 

LEFT 0.2381 0.1929 0 0.5512 0.9822 -1.2511 

ZERO 0.8621 1 0.8307 0 , 2.6928 0.7130 

E 1.8144 1.3643 2.2333 1.9798 



;EA, Gdmax J 

where f is defmed as:  

dik (7.25) 
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( 7.26 ) f= max( f k ) 
(i,k) 

and where  fik  represents the number of crite-
ria belonging to the discordance set  Dik.  In addi-
tion, Gdj" is defined as: 

( 7.27 ) Gen
J
" = max "- 

Also in this case, when the Min-Max trans-
formation is applied to obtain the R matrix, we 
always have Gdj" = 1. All considered, this ag-
gregate index represents a sort of "average" 
among all the discrepancies that can be calcu-
lated among the effects of the criteria included 
in the discordance set. In order to guarantee that 
this index falls between 0 and 1, it is divided by 
f In other words, this latter represents the 
maximum number of criteria that can be in-
cluded in all the  Dik  that can be constructed for 
the problem at hand. 

The various  fik  for the example we are deal-
ing with are given in Table 7.11. 

Thus we have that f= 10. 
Continuing with the example of the discor-

dance set D32, the application of Eqn.7.25 fore-
sees the following calculations: 
for j=1: I r 13 - r12 I = I 0.8307-ii = 0.1693;  

for j=2: I r23 - r22 = I 0.8307-i I = 0.1693; 
for j=3: I r33 r32 = 	0.7000-1 I = 0.3000. 

Thus, the simple aggregate discordance in-
dex is equal to: 
d32,AD = (0.1693 + 0.1693 + 0.3000)/10 = 0.0639. 

This result indicates that the negative aspects 
of plan 3 (Left Riverside) with respect to plan 2 
(Old Project) are not very relevant. All the indi-
ces are then collected into the relative simple 
aggregated discordance matrix, presented in 
Table 7.12 together with the values of the syn-
thetic indices di,AD, always calculated starting 
from Eqn.7.22. 

A further aggregate index can be obtained 
adjusting di,AD for weighted criteria in the fol-
lowing way: 

W •11-  z 	Jk  

d" 

Here the parameter  d,"  is always calculated 
by Eqn.7.24. 

This last index is named Aggregated 
Weighted Discordance Index, and can be seen 
as the most satisfying in combining effect dis-
crepancies with the relative importance of the 
criteria generating such discrepancies. 

Continuing with the previous D32-example, 
we can reconsider the steps that have been al-
ready calculated for the above weighted discor-
dance index. The current index can be then cal- 

jeD. 
( 7.28) 	dik = 	 

Table 7.11 - Number of criteria -  fil,  - included in the various discordance set  Dik  that can be 
identified for the exam le discussed in the text 

Projects 
Projects 1.NEW 2.0W 3.LEFT 4.ZERO 
1.NEW - 4 2 6 
2.0W 9 - 10 8 
3.T.EFT 8 3 - 7 
4.ZERO 5 5 5 

Table 7.12 - Aggregated Discordance Matrix (di,AD  = synthetic aggregated discordance index). 
NEW OLD LEFT ZERO E di,AD  

NEW 0 0.0574 0.0672 0.4361 0.5606 -0.5774 

OLD 0.5639 0 0.5092 0.7969 1.8700 1.4487 

LEFT 0.1284 0.0639 0 0.4877 0.6799 -0.3326 

ZERO 0.4457 0.300 0.4361 0 1.1819 -0.5387 

E 1.1380 0.4212 1.0125 1.7206 



CHAPTER 7 -67 

NEW OLD LEFT ZERO 
di,AWD 

NEW 0 0.0406 0.0566 0.2414 0.3385 -0.2362 

OLD 0.2515 0 0.2584 0.4054 0.9153 0.6073 

LEFT 0.0549 0.0459 0 0.2327 0.3335 -0.2428 

ZERO 0.2683 0.2214 0.2613 0 0.7510 -0.1284 

E 0.5748 0.3079 0.5762 0.8794 

Table 7.13 - Aggregated Weighted Discordance Matrix (d;,AwD = synthetic aggregated weighted discordance 
index). 
culated as: 

d32,AWD = [(0.0237 + 0.0135 + 0.0270)/ 
/0.141/10 = [0.45861/10 = 0.0459. 

The relative aggregated weighted discor-
dance matrix is presented in Table 7.13, to-
gether with the values of the synthetic indices 
dk,AWD, always calculated on the basis of 
Eqn.7.22. 

The final values of d;,AwD  show that plan 3 
(Left Riverside) proves to be most preferable as 
far as the weighted aggregate discordance 
measure is concerned. In fact, we obtain a value 
of the index: 

d3,AwD = 0.3335 - 0.5762 = -0.2428 < 0 
that is lower than all the others. Neverthe-

less, plan 1 (New Project) also has a quite satis-
fying index value: 

di  ,A W  D  = 0.3385 - 0.5748 = -0.2362 < 0 
very similar to plan 3, thus reconfirming the 

good final ranking position obtained with the 
other discordance indices and with the concor-
dance dominance index. 

Conversely, plan 2 (Old Project) still results 
to be the worst solution to be preferred, having 
the highest (and the only positive) aggregate 
weighted discordance index: 

d2,AWD = 0.9153 - 0.3079 = 0.6073 > 0. 
Thus the first and the last position of the plan 

preference order reflect similar results for the 

Table 7.14 - Summary of concordance and discordance rankings. The final ranking obtained according 
the Global Synthetic Index is given as well.  

ci  dl,sD di,wD di,AD di,AWD GSi  
NEW ~ . 

0.6400 , 	1 -0.7636 2 -0.5261 1 -0.5774  2 -0.2362 1  0.8762 

OLD 4 -0.8600 4 1.433 4 1.0643 4 1.4487 4 0.6073 4 -1.4673 

LEFT 3 -0.100 2 -0.7051 1 -1.2511 3 -0.3326 1 -0.2428 3 0.1428 

ZERO 2 0.3200 3 0.0354 3 0.7130 2 -0.5387 3 -0.1284 2 0.4484 

concordance and discordance measures. 
Elimination and selection of plans 
A final preference ranking of the various al-

ternatives is obtained by combining the results 
of the discordance and concordance approaches. 
This is done by merging their partial score 
rankings. We may then proceed to either discard 
the least favourable plans or to select the one (or 
ones) which are most appropriate. 

The rankings may be merged in several dif-
ferent ways. For example: choosing the plan 
which has the highest average ranking in both 
the concordance and discordance dominance 
procedure. In such a way, we would arrive to 
select plan 1 (New Project). Clearly, other se-
lection strategies are also possible depending on 
the evaluation of the concordance and discor-
dance dominance by the decision maker. 

A summary of the final ranking preference 
orders obtained by the difference indices dis-
cussed above is given in Table 7.14. 

A comparison evaluation of the various pref-
erence orders confirm the strong interest for se-
lecting plan 1 (New Project) with the simulta-
neous rejection of plan 2 (Old Project) that 
gains the last position with all the indices. On 
their hands, plan 3 and 4 (Left Riverside and 
Zero Alternative) compete for the rd and 3rd  po-
sition. This is because when weighted discor- 
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dance indices (d;,sw1  and d;,AwD) are used to 
provide the final ranking, plan 3 always gains 
the best position, resulting even better than plan 
1 (2°d  position). Plan LEFT and ZERO are typi-
cal compromise solutions, whose evaluation 
would require further sensitivity analysis, 
mainly on the composition of the weighing sys-
tem. 

In any case, we can single out the plans with 
high values of  ci  and examine the values of 
their various discordance indices, in light of 
their specific characteristics. From the above 
defmitions of these indices we can summarise 
that: 

The simple and weighted discordance indi-
ces (d;,sD  and d;,wD ) function as indicators, 
drawing attention to any problems (in con-
nection with a specific criterion) that may be 
avoided by opting for a different plan. These 
are indicators focusing the attention on the 
maximum discrepancies. Note, for example, 
that in Table 7.9 (simple discordance domi-
nance matrix) plans 1 and 3 (New Project 
and Left Riverside, respectively) very rarely 
have row indices that are equal to 1. This 
means that there are very few criteria for 
which these plans are the "least preferable". 
More precisely: plan]. has an evident weak 
point only when compared with plan 4, 
whilst plan 3 does not have any absolute 
weak point. The opposite is true for plans 2 
and 4 (Old Project and Zero Alternative) 
which has 3 absolute weak points out of a 
total of 3 possible comparisons. This is even 
evident looking at the column indicating the 
row sum, reaching the maximum value (i.e., 
3) in the case of plan 2 and 4. The weighted 
discordance indices (Table 7.10), on their 
hands, reflect the same behaviour, modified 
considering the relative importance of the 
criteria included in the pairwise comparisons. 
Also in this case, a high row sum indicating 
the presence of weak points associated to 
relevant (say important) criteria results for 
plans 2 and 4. 
Conversely, the aggregate discordance indi-
ces (d;,AD) identify the plans that offer the 
best level of compromise among the alterna-
tives at hand; in fact they overcome the ap-
proach of the "maximum discrepancy" be-
cause they also take into account the absolute 
value of all the effects associated to the crite-
ria included in the discordance set. Thus plan 
4 (Zero Alternative), which has many abso-
lute weak points, nevertheless obtains a satis- 

fying rating in Table 7.12. This is because its 
weaknesses are derived from discordance 
sets that contain a number of criteria (5 in 
average, as stated in Table 7.11) that is low if 
compared with the number of criteria of the 
other plans (only plan 1 has an  ave.  lower 
value, viz. 4). For this reason, plan 4 proves 
to have an aggregate discordance index (-
0.54) that is better than the one of plan 3 (-
0.33), in spite of the fact that the latter gains 
a more satisfying discordance index (both 
simple and weighted) when only the maxi-
mum discrepancies are considered. 
The weighted aggregate discordance index 
(d;,AwD ) is the one most formally similar to 
the concordance index. In fact, as both indi-
ces take weights into account, not only do 
they serve as predictors of the success or 
failure of a plan, but they may also be inter-
preted on a scale that quantifies the degree of 
success or failure. Thus, this index can be 
seen as the most explanatory among the dis-
cordance indicators, because matches 
weights and averaged discrepancy. Again in 
the case of plan 4, this causes the above ad-
vantages to be attenuated by the fact that 
their associated criteria have low importance. 
For this plan, the net result is a level of pref-
erence (say, the index d;,AwD  = - 0.13) that is 
worse than the one resulting for plan 3 (-
0.24). 
In connection with this last point, it is possi-

ble to calculate yet another fmal score by alge-
braically combining the concordance dominance 
index and the weighted aggregate discordance 
index. This score provides integrated informa-
tion on positive and negative aspects of each 
plan, and can be named Global Synthetic Index 
(GS;) that is given by: 

(7.29) 	GS, = c;  —  d,  Awv 
This score always verifies the condition 

EGSi = 0, and hence the fmal decision should 
favour those plans with GSi > 0. For the prob- 
lem at hand, the final GSi scores are again given 
in Table 7.13. It can be easily seen that this new 
index does not substantially alter the rankings 
given by concordance and discordance indica-
tors considered alone. The preference for New 
Project is once again confirmed, while the last 
position is again assigned to Old Project, the 
only plan resulting with a negative global syn-
thetic (GS2  = -1.47). Now, Zero Alternative and 
Left Riverside are ranked in the 2nd and 3rd  posi- 
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Views NEW 
Projects 

OLD 	LEFT ZERO 
I Equal 1.35 -2.76 0.25  1.16 

1 4 3 2 
ll MoreEco 0.83 -1.74 0.09 0.82 

1 4 3 2 
III VeryllighEco -0.54 0.36 -0.03 0.21 

4 1 3 2 
IV HigbEcoLowTec -0.05 -0.29 -0.03 0.37 

3 4 2 1 
V LowTec 0.85 -1.56 0.05 0.66 

I 4 3 2 
VI HighTec 1.12 -2.35 0.16 1.07 

2 4 3 1 
VII LowEnv 0.59 -1.42 0.06 0.77 

2 4 3 1 
VIII Designer's View 0.88 -1.47 0.14 0.45 

1 4 3 2 
Table 7.15 - Appraisal Matrix of the problem discussed in the text. The figures in italic correspond to 
the global sysnthetic index GS, whilst the integers provide the rank in the final preference order (1=best 
position; 4 = worst position) 

tion, respectively; thus reconfirming the ranking 
order already established by the concordance 
dominance indexes. 

We must keep in mind, though, that the vari-
ous result tables are not intended to provide an 
automatic solution to the decision-making 
problem. The underlying presupposition is that 
this method is an instrument for assisting deci-
sion-makers faced with complex situations, es-
pecially when the available data is hazy. As 
such, it must be used to perform sensitivity 
analysis, to ascertain the stability of the choices 
made. 

The construction of the above defined Ap-
praisal Matrix just tries to satisfy this need. For 
the problem at hand, such a matrix is given in 
Table 7.15. The views included are the one es-
tablished in the Priority Matrix presented in Ta-
ble 7.6. We must remind that all the calculations 
performed in the above paragraphs were only 
based upon the weighing system (vector W) 
corresponding to the Designer's View (View 
VIII, in Table 7.6). 

The appraisal matrix combines the priority 
matrix with the outcomes of the impact matrix 
(Table 7.5); it provides final scores and ranks 
for all the plans against each view considered in 
the problem at hand. Here, global synthetic in-
dexes GS, were used as final scores. 

A part from extreme standpoints, the most 
preferred solution is still plan 1 (New Project) 
that gains the best position 5 times out 8. Con-
versely, the worst position is generally achieved  

by plan 2 (Old Project), being the last ranked 
plan 7 times out 8. Only in correspondence of a 
very extreme standpoint (VeryHighEco) it is 
able to gain the preferred position, with plan 1 
here assigned to the worst one. 

The final plan selection should meet the sat-
isfaction of a number of views as many as pos-
sible. Thus, a very simple method that can be 
adopted to identify the "best compromise" 
ranked preference order is to rank the different 
plans according to the highest frequency ob-
tained by each ranking position. In our case, the 
solution can be easily achieved because we have 
the situation summarised in Table 7.16, that is: 

Table 7.16 - Summary of the ranked position fre-
quencies obtained in the appraisal matrix of Table 
7.14 

Ranked position NEW 

Projects 
OLD 	LEFT ZERO 

le  5 1 0 3 
2nd 1 0 1 5 
3rd 1 0 7 0 
4th  1 7 0 0 	, 

Thus, the defmitive plan preference order 
can be stated as: 

NEW (rank position "1" in 5 cases out 8); 
ZERO (rank position "2" in 5 cases out 8); 
LEFT (rank position "3" in 7 cases out 8); 
OLD (rank position "4" in 7 cases out 8). 



70 - MULTICRITERIA APPROACH 

7.6 THE SENSITIVITY ANALYSIS. 
NEEDS OF BETTER DETAILS 
The concordance analysis is capable of tak-

ing into account a variety of information on di-
verse plans, decision criteria and priorities. In 
general, it appears to be a meaningful procedure 
to carry out a sensitivity analysis regarding the 
input of information, particularly the weighing 
schemes. This implies that the robustness of the 
model can be tested by means of sensitivity tests 
on individual values of the weights. 

The construction of an Appraisal Matrix al-
ready goes in such a direction. But in this matrix 
only discrete, well defined weighing systems 
can be included. Profiting of the properties es-
tablished by Eqn.7.8, more exhaustive analysis 
can be carried out, even using graphic meta-
phors. 

GROUPING CRITERIA 
To perform sensitivity analyses, criteria must 

be previously clustered into homogeneous 
groups (higher-level criteria). This matter has 
been already deeply discussed at paragraph 7.4. 

A criterion-grouping procedure must respect 
the following steps: 

select the number of homogeneous group 
(here only the case of 2 or 3 groups will be 
treated); 
select the relative weight  that must be as-
signed to the criteria belonging to the same 
group; 
select the absolute weight  to be globally as-
signed to each group. 

The absolute weight of each criterion will be 
finally determined combining the above infor-
mation by means of Eqn.7.12. 

ANALYSIS GVITH 2 HOMOGENEOUS GROUPS 
Suppose we want to evaluate a finite number 

of alternative hydropower projects  i ( i  = 1, 2, 
..., I) by means of a finite number of criteria j (j 
= 1, 2, ..., J) clustered in N = 2 groups, each 
with M. criteria: 

= 

Suppose we have specific strategy to set 
the relative weights of criteria inside each 
group, that is: 

(7.31) EA.! = 1 	and 
m1 =1 

Let's also assume that we want to perform a 
fmite number (H+1) of  MEA  analyses (say, 
concordance analyses with the calculation of all  

the concordance and discordance indexes), each 
being characterised by different group weight 
values (&), but always reflecting in the  h-th  cal-
culation the basic condition: 

(7.32) 	gm, + g2), = 1 (or100%) 
Obviously, if a continuous complementary 

variation in gi,h and g2,h  is required, the follow-
ing parameters must be taken into account when 
determining the value of  H:  a) the maximum 
and the minimum group values (gha„ and ghm, 
respectively) we want to assign to gi  and g2; and 
b) the weight group variation  Ag  we want to 
provide complementary to  gui  and g2,1, when 
passing from the  h-th  to the (h+1)-th  calcula-
tion. Parameter  H  is then given by: 

Ag  
If the sensitivity analysis on the weighing 

system intends to explore as many possibilities 
as possible (even including very extreme stand-
points), in general the following conditions are 
set: 

gmax  = 1 (or 100%) and gm. = 0. 
Thus, the choice of  Ag  is almost compul-

sory being obliged to obtain an integer value of  
H.  Only the values in following set can be as-
signed:  

Ag  = {1, 2, 4, 5, 10, 20, 25, 50} (all in %). 
Respectively, the following  H-values are 

then obtained:  
H  = {100, 50, 25, 10, 5,4, 21. 

Generally it is not worthwhile to consider 
variation values Ael that would cause H>100. 

If a sensitivity analyses with Ag=1% is de-
sired, 101 independent concordance analyses 
must be performed. In fact, the following  g,,-
combination will be independently considered: 
Iteration Absolute weight of Absolute weight of the 

the le group 	2nd group 
1 	gi  = 0 	 g21  = 100 
2 	gid  = 1 	 g2,1 =99  

	

= (h-1).Ag 	gzh = 100 - (h-1).4 
• • 

	

H 	gix  = (H-1).Ag 	g2,ll  = 100 - (H-1).Ag 

	

H+1 	=1-1•Ag = 	100 g2,F1+1 = 0  
Obviously, the lower  Ag,  the higher  H  and 

the higher the detail level that can be achieved 
with the sensitivity analysis. 

Once g1  and g2  have been fixed, the whole 
structure of the weighing system (that is the 
composition of the vector W) is derived based 
upon Eqn.7.12. 

(7.30) M1 + M2  
a 

M2 
Ep„,, =1 
m2 =1 

(7.33) gr.a. gmih  H =  
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In practice, when a strategy for assigning the 
relative weights pnin  to the criteria belonging to 
the same group is defined, the complementary 
variations of gi  and g2  correspond to different 
decision maker's views that can be collected 
into an Appraisal Matrix, as carried out in the 
exercise performed in the previous paragraphs. 

A good starting standpoint could be the case 
in which the criteria belonging to the same 
group are assigned with the same relative im-
portance, that is: 

(7.34) 	pmn  = M 
	

,V n,m 
R 

Note that this approach is the one used for 
the views from Ito VII in Table 7.6: all the cri-
teria respectively belonging to the ECO, ENV 
and TEC groups (as specified in Table 7.4) were 
assigned with the same relative weight. 

Generally speaking, the sensitivity analysis 
assessed based upon the above lines is in prac- 
tice analogous to an appraisal matrix con-
structed with constant relative weights inside the 
homogeneous groups. 

Due to the fact that a sensitivity exercise per-
formed throughout more than 50 independent 
concordance analyses would be quite large if 
represented in a table-format (such as the one 
required by the appraisal matrix), a graphic out-
put could be more useful in understanding the 
stability of the final ranked plans. 

A solution could be to draw a diagram in 
which the global synthetic index GS, is plotted 
against the weight assigned to one of the 2 
groups. 

This solution is given in Fig. 7.5. Upper and 
lower X-axes are expressed in a complementary 
scale, as required by Eqn.7.32. Each standpoint 
on the diagram identifies a vertical segment on 
which the various synthetic indexes for the case 
at hand will be plotted. 

In the example, the standpoint corresponding 
to gi  = 80% and g2  = 20% is put in evidence. 

An application of such an analysis is given in 
Fig. 7.6. The criteria presented in Table 7.4 
were here clustered into 2 groups, that is: 

Fig. 7.5 — Example of sensitivity analyses on 2 homogeneous groups. 
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- - New Project 	—•Old Project 	—Left Riverside 	.Alternative Zero 
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Fig.7.6 — Sensitivity analysis on weighing system which criteria were clustered into two homogeneous 
groups, that is: ECO = Economical-related criteria; ENV+TEC = Environmental- and Technical —related crite-
ria. All the criteria belonging to the same homogeneous group maintain equal relative weights. 

ECO: Economical-related criteria (includ-
ing only the criteria EnPro and InvPow); 
ENV-TEC: Environmental- and Technical-
related criteria (including all the other crite-
ria used for the  MEA  exercise here pre-
sented) 

ANALYSIS WITH 3 HOMOGENEOUS GROUPS 
The approach used to perform sensitivity 

analyses on W previously described can be fol-
lowed even for criteria clustered into 3 homoge-
neous groups. The most relevant difference re- 

gard the following equations: 

(7.35) Ml  + M2 +M3 = J 

(7.36) 	gl,h + g2,h + g3,g 	1 	(or 100%) 

In addition the outputs of the sensitivity 
analyses can be here represented throughout a 
graphic metaphors by which the final ranking 
information is mapped on a triangular diagram 
as the one represented in Fig. 7.7. 

Fig.7.7 — Triangular diagram used to map the final ranking information provided by the concordance analysis 
when the criteria are clustered into 3 homogeneous groups.  
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8 HYPSE USER'S GUIDE 

8.1 FOREWORD 
HYPSE (acronym of HYdro Power Systems 

Evaluations)  is a software package specifically 
developed for performing multi-criteria evalua-
tion methods in the selection of alternative hy-
dro power system projects. 

Implemented in Delphi 5 (by Borland Inc.), 
it can be run on a PC Windows 95 (or higher) 
platform and it is formed by a set of procedures 
that sequentially and interactively carry out all 
the analysis functions discussed in the previous 
chapter. 

The  MEA  method performed by HYPSE is 
concordance analysis,  including sensitivity 
analysis on weight vectors and even providing 
powerful graphic metaphors for explaining the 
obtained outputs. 

HYPSE was implemented in a way to be as 
much user-friendly as possible, in order to assist 
the user in all the single tasks of the analysis 
that must be carried out. Even when creating the 
Impact Matrix Z, a template tool is available 
enabling the user to select his own list of criteria 
among a set of default issues that are automati-
cally proposed to him. 

HYPSE is not a designing tool. It is specifi-
cally an evaluation tool. It must be applied only 
once all the alternative hydro power system 
projects has been completely designed. The fig-
ures to be entered in the impact matrix will be 
derived by the contents of the preliminary plans  

or the feasible projects related to each alterna-
tive solution at hand. 

8.2 INSTALLING AND RUNNING HYPSE 
HYPSE software package can be installed on 

every PC having the following basic configura-
tion: 

Pentium processor, or higher; 
8 Mb RAM; 
3 Mb of free space on HD; 
Windows 95 operating system, or higher. 
The following installation steps are required: 
close all the applications currently running 
on the PC; 
insert the HYPSE installation CD-ROM in 
the PC driver and run the Setup program 
(SETUP.EXE) found in the main root of the 
CD; 
follow all the instructions that will be video-
displayed; 
once the installation is completed, run Win- 
dows Explorer to check the presence of all 
the files that have been provided by Setup. 
The suggested configuration structure is that 

presented in Fig. 8.1: the installation procedure 
automatically creates an "Hypse" directory that 
should be a subdirectory of the "Program Files" 
directory. The installation procedure does not 
automatically create any subdirectory of the 
Hypse directory. Anyhow, it is recommended to 
create at least the two  subdirectories  indicated in 
Fig. 8.1: 

Data: to store the HYPSE data files that have 
the format *.mca. 
Programs Archive: to store a copy of all the 
programs running HYPSE. 
HYPSE package consists of the HYPSE ap-

plication (HYPSE.EXE) and a number of associ-
ated files. These files include, among others (see 
always Fig. 8.1): 

5 *.dll files, that must be always stored in the 
Fig. 8.1 — Creation example of the HYPSE directory and visualisation of the package basic files. 
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same root of the main application; 
an HYDROELECTRIC.TXT file, providing all 
the parameters for managing the default list 
of criteria; this file has not to be directly 
modified by HYPSE users. 
The installation procedure does not require 

the restart of the PC. 
HYPSE can be then run as follows: 

Fig. 8.2 - HYPSE icon 
linked to the application, 
displayed on the PC desktop 

by selecting with the mouse button the 
HYPSE label that had been automatically in-
serted in the Program Files list that can be 
shown clicking on the Start button of the 
Windows toolbar; 
by double-clicking with the mouse button the  

HYPSE icon that can be created by the user 
on the PC desktop (Fig. 8.2); 
by double-clicking with the mouse button the 
HYPSE.EXE file shown by Windows Ex-
plorer as indicated in Fig. 8.1. 
When HYPSE is run, the blank front panel 

shown in Fig. 8.3 appears. It is composed of 
three sections: 

Menu and Toolbar sections (upper side); 
Criteria and Weights section (left side); 
Projects and Impacts section (right side). 
Sections 2 and 3 provide a set of functions to 

construct a new impact matrix with its relative 
weighing system or to load an existing matrix. 
These functions can be executed selecting in the 
Menu section the File/New or the File/Open 
options, respectively. Both they are the only ac-
tive options when the program starts. 

Near the Toolbar section, an edit component 
enables the user to start entering the name of the 
particular analysis at hand (Fig. 8.4). 

The toolbar section provides buttons to exe-
cute functions that can be even selected in the 
Menu section. The following "speed" buttons 
are available: 

Fig. 8.3 — The blank front panel appearing when HYPSE starts. 

Fig. 8.4 — Menu and Toolbar section with speed buttons 
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Create a new impact matrix - File/New 

Open an existing impact matrix (*.mca) - File/Open 

Save the current impact matrix (*.mca) - File/Save 
(if the name must be changed select File/Save as...) 

When selected, it displays the normalised values of the effect 
figures in the matrix — View/Normalised Impacts 

When selected, it displays the window showing the details of 
the concordance analysis results; in particular, concordance 
and discordance matrices together with concordance, discor-
dance and the global synthetic indexes are listed — 
View/Index details 
Select the type of normalisation procedure and the concor-
dance and discordance indexes that the user wants to consider 
in the current analysis; the selected indexes are shown in a 
separate window when the previous button is pressed — 
Evaluations/Indexes selection 
Set the weighing system values (enter or modify the relative 
importance of each criterion; cluster the criteria into homoge-
neous groups when a sensitivity analysis must be performed) 
— Evaluations/Weighting system 

Perform a sensitivity analysis on the weighing system — 
Evaluations/Sensitivity analysis 

1 

2 

3 

4 

5 

6 

7 

8 

8.3 GETTING STARTED 
FOREWORD 
The basic features of  MEA  methods have 

been already deeply discussed in the previous 
chapter. Here, when running HYPSE, the user 
should always keep in mind that any  MEA  
method is an evaluation process that must be 
performed throughout three steps of analysis: 
1. Data collection: Any project (alternative) 

can be seen as a list of quantitative and 
qualitative attributes defining it as a possible 
and independent scenario. The values of 
these attributes must be retrieved from pre-
liminary plans or feasible projects of any 
alternative at hand. Thus, it is recommended 
that the designing phase of each project is at 
an advanced state when the  MEA  analysis 
will be performed. HYPSE's user must work 
in close collaboration with both the project's 
designer and the final decision-maker. This 
is why they have to agree together upon the  

list of attributes (say criteria)  that must be 
included into the analysis. The type and the 
number of criteria deeply influence the final 
results. This common preliminary task is es-
sential to ensure coherence and correctness 
to the evaluation process as a whole. All 
considered, the data collection step implies 
the definition and the construction of the im-
pact matrix Z. 
Choosing a way to compare alternatives: 
This step can be divided into two tasks: a) 
fixing the relative importance that the deci-
sion-makers wishes to assign to each crite-
rion or, if any, to each group of homogene-
ous criteria; b) selecting the indexes that 
should be used to rank the final preferences 
representing the final output of the evalua-
tion process. 
Interpretation of results: The final 
"reading" of the computed indexes could be 
not immediate and simple. Their interpreta-
tion is something subtler than merely com- 
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Fig. 8.5— Assisted environment provided to create a new impact matrix. 

pare results, because situations can be com-
plex and exposed to change. Experience and 
practice in addition to a good knowledge of 
the analysis tool one has at hands are surely 
required for this task. 
It is important to stress again the need of an  

interdisciplinary exercise among the three actors 
of the evaluation process: the decision maker, 
assisted by both the project designer and the 
HYPSE's user. And this becomes imperative 
when sensitivity analyses are performed. In par-
ticular, the sensitivity analysis on the composi- 

Fig. 8.6 — Details of a criterion topic page in the matrix-building assisted environment 
wemeeiremisees.esse.  

Criterion 
currently selected 

Criterion topic page currently active Alternatives proposed by default. 
Minimize = project with the lowest 
admissible effects assigned to each criterion; 
Maximize = project with the highest 
admissible effects assigned to each criterion 

Type of Criterion 
(B = benefit-criterion; 
C = cost-criterion) 



CHAPTER 8 -77 

tion of the weighing system can be considered a 
multiple iteration of a simple Concordance 
Analysis run, because it provides a way to 
automatically modify some behaviours in order 
to observe variations in preferences. It is surely 
in this tool that HYPSE can prove its original 
and new features, assisting and providing the 
decision-maker of a graphical representation of 
an otherwise cryptic mess of output data. 

CONSTRUCTING THE IMPACT MATRIX Z 
HYPSE provides an assisted environment in 

order to easily create a new impact matrix Z. 
Once created, it must be saved as *.mca file. 

The assisted environment consists of a set of 
tables presenting a list of predefined criteria. 
The input procedure is called by selecting 
File/New from the Menu section or pressing the 
related button in the Toolbar section (Fig. 8.5). 

A window titled "New evaluation" is then 
video-displayed. Firstly, a new name for the 
evaluation that is going to be considered should 
be entered in the specific left upper edit mask. 

The details for working on the assisted input  

tables are given in Fig. 8.6. 
For a better comprehension, the default crite- 

ria are grouped into the following 9 homogene-
ous topics: 

General plant data; 
Backwater area; 
Multi-purpose effects; 
Weir or dam 
Powerhouse 
Diversion section 
Head race channel/penstock 
Tailrace channel; 
Tailwater area. 

A specific criterion topic page is selected by 
clicking its related label in the upper part of the 
table area. Each topic includes a different num-
ber of criteria, dealing with homogeneous as-
pects that can be derived from the feasible proj-
ect of each alternative. In total, throughout the 9 
topic pages, 61 default criteria are here pro-
posed. To look over the complete list of default 
criteria, see Table 8.1. 

Table 8.1 — List and features of the default criteria automatically provided by HYPSE when creating a 
new impact matrix.  i ne  inforinanon or tne following tame is  storen  m me me nyarowerric.rxr. 

SPECIFICATION OF CRITERIA DEFAULT PROPERTIES RANGE 

# Label ident Definition Unit of 
Measur. 

Group Benefit 
criterion 

Selected Min. Max. 

GENERAL PLANT DATA 
1 EnPro Energy produced by the plant GYVh/year ECO Yes Yes 0 40 

2 EmisAv CO2 emissions avoided tons/year ENV Yes Yes 0 40000 

3 WksCstr Time of construction (foreseen) months ECO Yes No 0 36 

4 Inv Investment to realise the plant  D  ECO No Yes 0 10000000 
5 InstPow Installed capacity kW TEC Yes No 0 10000 

6 InvPow Specific investment (capacity) 1/kW ECO No No 0 2500 
7 InvEne Specific investment (energy) Wit ECO No No 0 1 
8 Wks  Ope  Workers employeed during operation # ECO Yes No 0 100 
9 DirEnSup Direct supply of local energy demands on 

total production 
% ECO Yes No 0 100 

10 LgtTrLines Length of overhead transmission lines m ENV No Yes 0 10000  
il  LgtNwRds Length of new access roads to the plant m ENV Yes No 0 10000 

11 BACKWATER AREA 

12 BckWVel Backwater velocity (mean value in the mid- 
dle of reach in case of mean water) 

m/s ENV No Yes 0 5 

13 BckLgt Backwater length in case of mean water m ENV No Yes 0 5000 
(continue) 
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(continue) 
14 BckWRipR Length of ripraps and levees in the backwa- 

ter area: right bank 
m ENV Yes No 0 1000 

15 BckWRipL Length of ripraps and levees in the backwa- 
ter area: left bank 

m ENV Yes No 0 1000 

16 Lndlnund Total area newly inundated (ev.for storage 
creation)/area river bed originally 

% ENV No Yes 100 500 

17 Lnglmp Length of impervious embankments or  lev-  
ees (per bank) 

m ENV No No 0 1000 

18 PercWidth Percentage increase in low water riverbed 
width 

% ENV Yes No 0 400 

19 EmbVeg Area of newly created embankment vegeta- 
tion 

m2  ENV Yes No 0 10000 

20 ShelArea Creation of slow velocity / shellow-water 
areas 

m2  ENV Yes No 0 10000 

21 Depth Depth 	in the middle of the backwater 
area/unimpounded depth 

% ENV Yes Yes 100 500 

22 BkwLngt Total length of backwater/maximum width 
of backwater 

% ENV Yes No 0 1000 

III MULTI PURPOSE EFFECTS 
23 Recre Recreation % ENV Yes Yes 0 100 
24 FloPRo Flood protection (increase in flood return 

period with respect of the natural situation) 
years ENV Yes Yes 0 100 

25 Settle People settlement # (persons) ENV Yes Yes 0 1000 
26 WatSup Water supply (irrigation & drinking) Us ENV Yes Yes 0 70000 
27 EnvArea Creation of adjoining ENV areas m2 ENV Yes Yes 0 10000 
28 AgriArea Creation of agricultural areas ha ENV Yes Yes 0 1000 

IV WEIR OR DAM 
29 %Seas Trans Percentage of the yearly water volume trans- 

ferred from wet to dry season 
% ENV Yes Yes 0 100 

30 %DailyTrans Percentage of the daily water  vol.  transferred 
from empty to peak hours 

% TEC Yes Yes 0 100 

31 AncDamhgth Heigth of gates and ancillaries over the crest 
of the dam or weir 

m ENV No Yes 0 10 

32 DmHgt Fixed Dam heigth m ENV No Yes 0 20 
33 BedLoad Interruption of bedload transport % ENV No No 0 100 
34 RivCont Interrupt.of river continuum inverse to qual- 

ity of fish bypass system 
% ENV No Yes 0 100 

V POWERHOUSE 
35 AreaPow Area used by the powerhouse m= ENV No No 0 2000 
36 AreaAdd Area used by additional constructions (roads m2  ENV Yes No 0 10000 

 parking) 
37 NoiEmi Noise emission from powerhouse dBA ENV No Yes 0 120 
38 PercUndPow Percentage of underground powerhouse % ENV Yes Yes 0 100 

VI DIVERSION SECTION 
39 DivLng Diversion length m ENV No Yes 0 5000 
40 WetWid Wetted width/width of river bed in case of 

res. flow 
% ENV No No 0 100 

(continue) 
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(continue) 
41 	StruR each Structural improved reach % ENV Yes No 0 100 
42 	TribEff Effect of tributaries Us ENV Yes Yes 0 10000 
43 	NrWaste Number of waste water channels discharging 

between weir and tailwater outlet in the river 
# ENV No No 0 50 

44 	ResFlow Reserved Flow //s ENV Yes Yes 0 10000 
45 	SpecRes Specific reserved flow //s. m ENV Yes Yes 0 100 

VII HEADRACE CHANNEL/PENSTOCK 
46 	PeratitPrutH Percentage of undergound penstock or  chan-  

nel  
% ENV Yes Yes 0 100  

47 	HeadEarthCh Percentage of earth channels % ENV Yes No 0 100 
48 	HeadStruEmb Percentage of structured embanlanent % ENV Yes No 0 100 
49 	HeadConCh Percentage of concrete channels % ENV Yes No 0 100 
50 	HeadEcoFun Percentage of ecological function % ENV Yes Yes 0 100 

VIII TAILRACE CHANNEL 

51 	PercintPnsTt Percentage of undergound penstock or  chan-  
nel  

% ENV Yes Yes 0 100  

52 	HeadEarthCh Percentage of earth channels % ENV Yes No 0 100 
53 	HeadStruEmb Percentage of structured embankment % ENV Yes No 0 100 
54 	HeadConCh Percentage of concrete channels % ENV Yes No 0 100 
55 	HeadEcoFun Percentage of ecological function % ENV Yes Yes 0 100 

IX TAILWATER AREA 
56 	Tail WRed Tailwater velocity reduction ( vred/vurired) % ENV No Yes 0 100 
57 	TailWSelRed Tailwater water surface elevation reduction m ENV No Yes 0 5 
58 	IncrFlood Percentual increase in maximum flood or 

dam break flow rate or tailwater level 
% ENV No No 100 500 

59 	Perc Width Percent. increase in low water riverbed width % ENV Yes No 0 100 
60 	DpthIncr Percentage increase in depth % ENV Yes No 0 100 
61 	RedSlo Reduced slope/original slope % ENV Yes No 0 100 

Note that each criterion is even qualified by a 
short label identifier that will substitute its ex-
tended definition in the definitive impact matrix. 
Table 8.1 provides also information on criterion 
default properties and min/max admissible 
range values for the related effects. 

The criteria are not initially all default-
selected by HYPSE's assisted environment. To 
modify the proposed selection, simply click 
over the tick-boxes displayed on the video left-
side in order to select/unselect them. 

On the right area, the impacts (say effect 
values) of each alternatives can be entered. 
HYPSE initially provides automatically two de-
fault projects, named Minimize and Maximize, 
inputting the minimum and maximum values, 
respectively, of the admissible range shown in 
Table 8.1. 

Obviously, to run HYPSE, at least 2 projects 
must be assessed. 

The project number can be increased by  

clicking the arrows of the spin edit box in the 
upper side of the table (Fig. 8.7). A maximum 
number of 10 projects  can be selected. 

Once having definitively fixed the projects, 
the content of the cells in the right-side of the 

Fig. 8.7 — Changing the project number. 
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Fig.8.8 -  Impact matrix of the "Demo Exercise" evaluation problem (see also the previous chapter) 

table (say, the project names and the effects re-
lated to each selected criterion) can be modified 
selecting the cell by double-clicking on the cell 
itself. 

Attention:  the cells related to criteria cur-
rently not selected cannot be entered by new ef-
fect values. Then, be previously sure that the 
interested criterion is selected (say, ticked in the 
proper left boxed) before trying to mode any 
impact figure. 

Each criterion is assigned by default to an 
higher level homogeneous group of criteria, in 
the terms specified at § 7.4 and § 7.6. This in 
order to facilitate a further sensitivity analysis 
on the weighing system. As already said at § 
7.2, HYPSE proposes the 3 following default 
groups of criteria: 

ECO = Economic-related factors: related 
to the monetary and financial aspects of 
each project; 
ENV = Environmental-related factors: 
related to the impact that each project is 
able to induce into the environment in 
terms of variation of the original and natu-
ral living conditions; 
TEC = Technical-related factors: related 
to the constructive and management as-
pects that characterise each project. 

All considered, for a proper use of this  

HYPSE' s assisted environment, the following 
steps should be sequentially followed when con-
structing a new impact matrix: 
j. enter a name for the new evaluation at 

hand; 
select the number of projects; 

iü. enter a short name for each project se-
lected; 

iv. select a topic page (when entering the input 
assisted procedure the first page "General 

Fig. 8.9 - Changing table partitions in the impact 
matrix 
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Group status bar: showing the current number of groups which the criteria in 
the impact matrix are homogeneously clustered into. By default, the groups 
here indicated are the ones listed in Table 8.1. 
The weight of each group is given by adding the weight of each single criterion 
included in it. Following the default indications of HYPSE here we have: 
ECO = 2 criteria x 7.69 % = 15.38 )̀/0 
ENV = 6 criteria x 7.69 % + 3 criteria x 7.70 % = 69.24 % 
TEC = 2 criteria x 7.69 % = 15.38 % 

The name and the type of the groups as well as the way of clustering the criteria 
with a different approach with respect the HYPSE default suggestions can be 
easily modified by the user running the weighing system management 
procedure. 

    

Normalization status bar: showing 
what normalization procedure is 
currently selected and active for the 
analysis 

Project status bar: showing the name of 
the project currently selected for providing 
any type of change 

Fig. 8.10 — Bottom status bar of the HYPSE impact matrix 

plant data" should be active); 
select or unselect the criteria that must be 
used in the evaluation analysis; 
enter (modifying the proposed figures) the 
defmitive impact values for all the projects 
and only in correspondence of the selected 
criteria; 

vii, repeat the steps from iv to vi for all the 9 
topic pages proposed by HYPSE. 

Attention:  when this assisted environment is 
running, the user cannot mode any parameter 
that specifies a default criterion (such as its ex-
tended definition, its type B or C, its unit of 
measure and the higher group it belongs to). In 
addition, the user cannot add an its own crite-
rion in this section. Any relevant change the 
user wants to introduce must be carried out in 
the following section, working directly on the 
definitive impact matrix. 

When all the wished criteria has been se-
lected and entered with their relative impact 
values, the definitive new impact matrix Z will 
be created pressing the right upper button "OK" 
of the current window.  

ne  Important:  When a new user's crite- 
rion has to be introduced into the analysis (say, 
not included in the HYPSE's default list), a 
dummy criterion must be added when running 
the matrix construction assisted environment. It 
can be selected among minor criteria presented 
in the list but not used in the analysis at hand. 
This dummy criterion will be completely modi-
fied in the following working section, using the 
procedures proposed for managing an already 
existing impact matrix. 

MANAGING THE IMPACT MATRIX Z 
Matrix format - When the criteria listed in 

Table 7.4 and the impact values (Table 7.5) of 
the projects taken as example to discuss the  
MEA  method in the previous chapter are se-
lected and entered running the above assisted 
procedure, the impact matrix shown by Fig. 8.8 
is constructed and displayed on the video. 

So this is a (13-criteria) x (4-projects) impact 
matrix. 

Note that the previous section didn't deal 
with anything related to the weighing system. 
Here we find a weight-vector with all the crite- 
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Fig. 8.11 —  Edit tool to provide changes to project properties in the impact matrix  
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Fig. 8.12 — Edit tool to provide changes to criteria properties in the impact matrix 

project edit procedure. 
When a project is going to be deleted, it must 

be previously selected clicking its relative but-
ton name on the top of the matrix right side. Be-
fore deleting any project, always check the cur-
rent selection: the destroyed projects cannot be 
recovered. They should be re-edit manually en-
tirely.  

ne  Important:  Note that in the previous 
matrix-building assisted environment projects 
can be only added, not deleted. If the user, just 
for mistake, has added one or more undesired 
projects, he has to delete them here, working di-
rectly managing the final impact matrix form. 

Changing criterion properties - Also in the 
case of criteria, only one criterion at a time can 
be changed. The criterion edit form (Fig. 8.12) 
can be called by clicking with the left button 
mouse on the criterion row that must be changed 
and then selecting Edit/Criteria Properties... 
from the top Menu bar (or simply by double-
clicking on the same criterion row  itself). 
Again, the criterion properties that can be 
changed are the ones displayed into the edit 
cells with white colour background. Once all the 
changes have been provided, press the OK-
button to leave this edit tool. 

The contents that can be modified regard the 
properties listed in Table 8.1. 

In addition there is here the possibility of 
modifying the format  by which the effect (in 
terms of figure) related to each criterion is dis-
played inside the matrix. A string of the form 'r-
d.ddd.ddd.ddd,dddddd..." is usually applied: it 
includes thousand and decimal separators. 

Attention:  For all formats, the actual char- 

acters used as decimal and thousand separators 
are initialised from the statements in the Inter-
national section of the Windows Control Panel. 

Two parameters are available to the user for 
formatting criterion effect-values inside the im-
pact matrix (lower right side of the edit win-
dow): 

Total digits:  the total number of digits used 
by HYPSE to display the figure; the default 
value is 18, corresponding to the maximum 
precision of representation; a lower precision 
can be selected, according to the type of data 
at hand; if the number of digits to the left of 
the decimal point is greater than the specified 
precision, the resulting value will use scien-
tific format. 
Decimal digits:  the number of digits that 
satisfies the decimal precision for a specific 
criterion; the default number is 2; a maxi-
mum number of 7 digits can be selected. 
The Total and Decimal digits parameters to-

gether control how each single effect value is 
formatted into a string. Some examples are 
given in Table 8.2. 

le Important:  When a user wants to add 
a new own criterion, not listed in Table 8.1, he 
has to work on this criterion edit tool to provide 
all the information required to specify the prop-
erties of the new criterion itself. It must be re-
membered that in order to perform such a task, 
the user must have previously added (in the ma-
trix-building assisted environment) a dummy 
criterion, to be selected among the ones of the 
HYPSE default list that surely will not be used 
within the exercise at hand. Differently from 
projects, when managing an impact matrix cri- 
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Number Total digits Decimal 
digits 

Displayed 
Format 

18 7 12.345,6789 
18 2 12.345,68 
18 0 12.346 

12345,6789 8 7 12345,6790000 
5 5 12.346,00000 
4 5 1,235E4 
3 5 1,23E4 

Table 8.2 — Examples of how the combinations of Total and Decimal digits parameters condition the 
displayed format of a number inside the HYPSE impact matrix (here the followings separators are sup-
posed to have been set up in the International section of the Windows Control Panel: ( . ) thousand 
separator; ( , ) decimal separator) 

teria can be neither added nor deleted from the 
list built by the assisted environment. The need 
of changing the number of criteria necessarily 
requires the construction of a new impact ma-
trix. If a user doesn't want to consider tempo-
rarily one specific criterion, can set its relative 
importance to nil (say, weight value equal to 
zero). 

Setting computation indexes - HYPSE can be 
firstly run considering all the criteria with the 
same importance (analysing the so called Equal  

view in the priority matrix of Table 7.6). The 
way of changing values in the weighing system 
will be discussed below in a next paragraph. 

Before performing any concordance compu-
tation, a set of indexes must be selected. Even if 
some indexes are proposed as default, this se-
lection is recommended to give consistency and 
completeness to the computations and to be 
aware of the final results. 

We are referring to the selection of: 
1. the method for the standardisation  of the 

Fig. 8.13 — Selecting the normalisation function and indexes for ranking alternatives 
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Fig. 8.14 - Viewing the normalised values in the impact matrix (Effectiveness Matrixes R). 

input data inside the impact matrix; 
2. the final concordance and dominance in-

dexes together with the global synthetic in-
dex, by which the final rankings among al-
ternatives can be analysed; in particular this 
selection consider separately the indexes 
computed using  and not using  the values of 
the weighing system (say, calculated 
throughout simple functions  and weighted 
functions,  respectively). 
The index selection procedure is called se-

lecting Evaluations/Indexes selection... from 
the Menu section above the impact matrix, or 
simply clicking the relative speed button from 
the Toolbar section (see § 8.2 and Fig. 8.13). 

The default normalisation procedure pro-
posed by HYPSE is the one using the Vector 
Normalisation formula, described by Eqn.7.4. 
To modify this selection, click with the mouse 
button on one of the other two tick boxes: 

LinearScale, performing a linear scale trans-
formation, according to Eqn.7.5; 
Min Max, performing a min-max transfor-
mation, according to Eqn.7.6. 

Obviously, only one selection is here ad-
mitted. 

In order to view the results of the selected 
standardisation procedure, select View / Nor-
malised Impacts from the main Menu section 
or press the fourth speed button in the Toolbar 
section (Fig. 8.14). This will let the effective-
ness matrix R to be displayed on the screen in 
place of the impact matrix Z. The latter can be 
recalled  un-selecting the procedure or repressing 
the same speed button of the Toolbar section. 

The decimal values are represented by de-
fault throughout a number that is a fixed for-
matted string with 4 decimal digits. 

The examples proposed in Fig. 8.14 consider 
all the 3 standardisation cases. The third one 
(obtained with the Min Max function) corre-
sponds to the effectiveness matrix that had been 
introduced by Table 7.7. Here note that, a part 
from the two rows underlined by the red boxes 
(corresponding to the criteria named PercUnd-
Pow and PercIntPnst1-1), the linear scale trans-
formation and the Min_Max function produce 
for many criteria the same standardised effect 
values. That's because in the original impact 
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List of 
projects 
at hand 

Visualisation of project final 
rankings based upon the 
analysis index currently 
selected: 
Higher the blue, better the 
project result. 
FULL BLUE: the best result 
FULL RED : the worst result 

Scroll bar to view the columns 
of all the selected indexes 

Move the window borders 
to resize the form 

Fig. 8.15 - HYPSE Results form 

matrix in the most part of criteria there is an ef-
fect with at least a zero-value. And this causes 
the Eqns.7.4 and 7.6 to produce the same result. 
No zero value is instead present in the rows of 
the PercUndPow and PercIntPnstH criteria. 

For weighted and unweighted concor-
dance/discordance indexes (see § 7.5 and § 7.5) 
a multi-selection is admitted. 

Analysing final rankings among alternatives 
HYPSE performs concordance calculations 

continuously, each time that whatever type of 
change is provided into the impact matrix or in 
the selection of the computational indexes. 

The final ranking results can be on-line dis-
played in an independent form. 

In order to view this output-form, select 
View/Indexes Details from the main Menu sec-
tion or press the fifth speed button in the Tool-
bar section (Fig. 8.15). When the new window 
appears on the screen, it is convenient to move 
and resize it in order to be able to look at the 
impact matrix and results forms simultaneously. 
This according to the type and size of screen at  

hand. 
The results form includes a set of columns 

and tables, presenting the scores achieved by 
each project. Only the indexes selected through-
out the procedure discussed at the previous 
paragraph are here displayed. 

The information provided by the form is di-
vided into 2 parts: 

Part A: presenting the final project rankings 
based upon the selected concordance and 
discordance indexes; a column is assigned to 
each index; according to what discussed at § 
7.5, when all the computational indexes have 
been previously selected running the 
Evaluations/Indexes selection... procedure 
from the Menu section, 6 output columns are 
here displayed: 1 for the concordance index; 
4 for the discordance indexes and 1 the 
global synthetic index. In practice, the exam-
ple presented in Fig. 8.15 is analogous (not 
equal, owing to the different weighing sys-
tems) to the summary Table 7.14, presented 
in the previous chapter. For a better compre- 
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Fig. 8.16- HYPSE computation indexes in the Results form (see even the example of Table 7.14) 

hension of the correspondences between 
HYPSE indexes and the symbols there used, 
see Fig. 8.16. 
Part B: presenting more detailed information 
on the computations of each selected index; 
in particular, concordance and discordance 
matrices are here proposed (Fig. 8.17). All 
the figures are given with a fixed 4-digit 
decimal precision. 
In Part A the index ranking is even proposed  

in a graphic way throughout a list of red and 
blue bar histograms (second column); higher the 
blue, better the project performance. 

Attention:  the output histograms are related 
to the index currently selected; so, before con-
sidering any graphic result, be aware of select-
ing the desired index by clicking its related col-
umn with the mouse button; 

In the example of Fig. 8.15, the simple dis-
cordance concordance index (doD) has been se- 

Fig. 8.17 — Example of how concordance and simple discordance matrixes are displayed on 
HYPSE Results form 
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Fig. 8.18 — The edit weight manager form 

lected: note that in such a case the best result is 
the one having the lowest (negative) value, 
whilst the worst is the "Old Project" solution 
with the highest (positive) index value. 

8.4 MANAGING THE WEIGHING SYSTEM 

FOREWORD 
The general properties of a weighing system 

of a  MEA  problem have been discussed in § 7.4 
and in § 7.6. Formally, this is a vector of real 
numbers  defining criterion priorities. 

We saw that when starting a new problem 
HYPSE creates a vector with priorities equally 
partitioned among all the criteria. 

But normally it is necessary to modify such a 
situation because: 

the user wants to set up his own priority 
standpoint to run a new HYPSE single com-
putation; 
a priority matrix must be constructed with a 
S finite number of views; HYPSE will then 
be run S times (one run per view) in order to 
construct an appraisal matrix with a set of 
different results; 
a sensitivity analysis to test the stability of 
the final results with respect to the compo- 

sition of the weighing system must be per-
formed (we will see that in such a case 
HYPSE computations will be automatically 
iterated up to 1002  times). 

Changes to be provided to a weighing system 
can regard: 

the values of absolute weights; 
the values of group weights; 
the partition of weights inside a group (rela-
tive weights). 
In order to enable the user to perform the 

above changes, HYPSE must provide an edit 
tool able to: 

cluster criteria into homogeneous groups, to 
be defined by the user himself (three groups 
are proposed by default); 
handle the decimal precision of weight real-
numbers without creating any inconsistency 
round problem. 
THE WEIGHTS MANAGER TOOL 
The weights manager edit tool is called se-

lecting Evaluations/Weighting system... from 
the main Menu section or simply pressing the 
relative speed button in the Toolbar section 
(Fig. 8.18). 

The main form is composed of two parts: 
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Fig. 8.19 — Another view of the edit weight manager form: in this case the 
Absolute view page is selected in the right side of the form. 

the left side part (Groups composition box), 
with the tool for defining higher-level weight 
groups and for clustering the criteria at hand 
into the defined groups; 
the right side part, for entering weight fig-
ures. 
The right side part offers the possibility of 

selecting two distinct pages: 
Relative view, for inputting weight values 
starting from the division of criteria into 
groups; in such a case there are two input 
steps: a) entering group weights (working in 
the upper right side part of the form, Groups 
weights distribution box); b) entering the 
relative weights inside a group (working in 
the lower right side part of  thé  form, Internal 
weights distribution box). Absolute weights 
will be then computed by HYPSE as a conse-
quence of these two inputs. 
Absolute view, for inputting directly the ab-
solute weight of each criterion, independ-
ently on the way they were clustered into 
groups. Group weights and relative weights 
inside each group (if any) will be then com-
puted by HYPSE as a consequence of this ab-
solute input together with the method fol-
lowed in forming the groups. 
In the example presented in Fig. 8.18, the 

Relative view is the selected active page. Note  

the two right parts indicated by the red dotted 
boxes: they permit the independent inputs of 
group and relative weights. 

When the Absolute view page is selected, the 
edit tool turns on the form shown in Fig. 8.19. 

HOW TO CLUSTER CRITERIA INTO GROUPS 
The tool for managing criteria into groups is 

a typical tree component of the MS Windows 
platform. It looks as a set of folders (from 1 to 
3) which contents can be viewed by clicking 
with the mouse button on the box with the "+" 
symbol positioned at left of the folder name. 
Each folder is an higher-level criterion group. 
As stated above, HYPSE provides 3 default 
groups (ECO, ENV and TEC). Criteria are 
grouped into them according to the clustering 
properties specified in Table 8.1. When a group-
folder is open, its content appears as shown on 
the left part of Fig. 8.19. 

The user can modify one (or more) default 
folder-name by double-clicking with the mouse 
button on the name itself to select the name la-
bel on the edit mode; once selected, enter the 
new name and press "enter" to accept it. 

The example proposed by Fig. 8.19 is the 
automatic result provided by the HYPSE matrix-
builder assisted environment. Note that this 
situation is different from the demo-problem 
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Fig. 8.20 — Moving criteria (dragging and drop-
ping) between groups 

specifications given in Table 7.4. In fact, there 
we had: 

ECO: 2 criteria (the same number of Fig. 
8.19); 
ENV: 5 criteria (4 criteria less than in Fig. 
8.19); 
TEC: 6 criteria (4 criteria more than in Fig. 
8.19); 
This means that to solve our demo-problem 

with the same specifications given in the previ-
ous chapter, we have to move 4 criteria from the 
ENV folder to the TEC folder. This task can be 
performed following the action steps given in 
Fig. 8.20. 

Only one criterion per time can be moved.  
For reducing the number of groups (for ex-

ample when a 2 weight-group sensitivity analy-
sis must be performed), take present that an ex-
isting folder cannot be deleted if it still includes 
some criteria. So, they must be previously 
moved into another folder, before destroying the 
father-folder. 

The short-name of criteria cannot be modi-
fied working on this group tool manager. For 
performing this task see  pag.  83. 

HOW TO ENTER WEIGHT FIGURES 
Both Relative view and Absolute view pages 

enable the user to look at the present weighing 
system values and to modify them. They both 
display tables always including 2 columns (3 in 
the case of the Internal Weight distribution box, 
even providing a 3'd  column with the absolute 
weight values; see Fig. 8.18) presenting current 

Restore original weight values 
(active before entering the weight 
manager edit tool), deleting all 
changes carried out in the 
current weight editing session 

(say, actual) and original  weighing system con-
tent. The former refers to the changes the user is 
going to provide, starting since he entered the 
weight manager tool, whilst the latter refers to 
the state of the weighing system prior entering 
the weight manager tool. Each edit box has on 
its top 3 working buttons  performing the func-
tions described in Fig. 8.21. 

When the user wants to customise his own 
values, the button Customize...  must be 
clicked. This calls the special HYPSE weight 
editing tool shown in Fig. 8.22. 

In order to avoid any round problem in man-
aging weight-value real numbers, weight figures 
can never be entered directly inputting digits 
throughout the keyboard. This HYPSE edit tool 
uses some track bars to input weight values. 

The edit form presented in Fig. 8.22 (named 
"Weights control") is called when the button 
Customize... is clicked from the "Absolute 
view" page. So it includes the complete list of 
all the criteria used in the analyses at hand. Dif-
ferently, when the form is called from the 
"Groups weights distribution" box or from the 
"Internal weights distribution" box, the list of 
the groups or the list of the criteria within each 
selected group is shown, respectively. 

Whatever the case, note that the edit form is 
divided into two parts: 

a right side part, with a box containing as 
many track bars, as the number of criteria is 
(or as the number of groups is); just below 
each track bar, the name of the criterion (or 
of the group) is displayed together with the 
real number currently representing its rela-
tive importance (that is its weight); a central 
scroll bar, enables the user to move along the 
criteria list; 
a left side part, with a box named 
"Excedence view", to indicate positive (sur-
plus) or negative (shortage) variations of the 
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Fig. 8.22 - HYPSE weight editing tool (called by the buttons Customize...) 

total weight amount with respect to the 
global target value of 100; such variations 
occur every time a weight of a single crite-
rion (or group) is modified moving left 
(shortage) or moving right (surplus) the con-
trol virtual cursor of the above said track 
bars. 
Surplus and shortage in the sum of criterion 

weights is even presented in a graphical way: a 
central gauge (vertical bar) display a red or 
green bar on white background when a surplus 
or a shortage is respectively detected by HYPSE. 
The quantitative level of surplus or shortage is 
displayed on a separate string as well (Fig. 
8.23). 

Any positive or negative variation with re-
spect to the expected weight sum of 100 has to 
be necessarily eliminated before exiting this 
"Weights control" form. So surplus or shortage 
must be redistributed among all criteria. This 
distribution is carried out when the user forces it 
by clicking with the mouse on the button 
"Distribute now" or automatically by HYPSE 
when closing this edit form (only if the relative 
check box "Distribute excedence on closing" is 
selected). 

Anyhow, if a sum not exactly equal to 100 is 
detected, a dialog message box advises the user  

to check again the weight assessment at hand. 
Dealing with real number, the precision depends 
on the number of decimal digits are here used to 
represent criterion weights. By default, HYPSE 
works with 2 digits only (see the spin edit com-
ponent on the upper left part of the weights 
manager tool). 

When changing weight values with the track 
bar components, there could be the necessity of 
providing very short movements with the mouse 
to get a 2-decimal precision. To make this task 
easier, use the keyboard left and right arrows to 
get the expected precision. 

8.5 PERFORMING SENSMVITY ANALYSIS 
GENERAL ASPECTS 
The general aspects of sensitivity analysis on 

the weighing system compositions have been 
treated in § 7.6. HYPSE enables the user to per-
form sensitivity analysis based upon those con-
cepts, providing tools for carrying out calcula-
tions on 2 and 3 homogeneous groups of crite-
ria. 

The sensitivity analysis procedure is called 
selecting Evaluations/Sensitivity Analysis... 
from the main Menu section or simply pressing 
the relative speed button in the Toolbar section 
(Fig. 8.24). 
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Fig. 8.23 — Managing surplus or shortage when changing weight values 

The form that is then displayed on the screen 
is a sort of "analysis inspector" composed of 
two parts: 
a) an upper part, with a memo box in which the 

indexes selected for the analysis will be dis-
played; 

Fig. 8.24 — Starting form for sensitivity analysis 

b) a lower part, with a second memo box in 
which the description of one of the selected 
indexes included in the list at the previous 
point will be presented for user's commod-
ity. 
This form is an independent window that 

should be display together with the other forms 
that are going to be presented by this procedure. 
The user can move the form on a video corner — 
based upon his earlier convenience — so that 
some space is left for the other tools on which 
he is going to work. 

This main form provides a Menu section 
with a single option only: Evaluation. On its 
hand, this option includes 3 commands: 

Choose indexes...; 
Set weights...; 
Compute.... 
The actual sensitivity analysis computations 

are performed only by the 3 d̀  command Evalua-
tion/Compute.... But before performing any 
calculation, the general computation back-
ground must be assessed in terms of: 

selection of the indexes on which we want to 
carry out the analysis (Evaluation/Choose 
Indexes...); 
clustering all the criteria at hand into 2 or 3 
homogeneous groups (Evaluation/Set 
Weights...). 

• 
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Fig. 8.25 — Weights manager form assessed with the properties specified in the previous chapter to per-
form an example of sensitivity analysis with 2 homogeneous groups of criteria 

• 

The command Evaluation/Choose In-
dexes.., recalls the same procedure for selecting 
indexes in single run analysis (see  pag.  84). The 
command Evaluation/Set Weights... recall the 
procedures described in the previous paragraph 
for managing the weighing system: in this case, 
what is essential for sensitivity analysis is the 
method for clustering criteria into groups (say, 
the composition of criteria in each folder set) 
and in particular the number of groups (— folder 
sets) we want to assess to perform such an 
analysis. 

Different types of analyses will be carried 
according to the selection of 2 or 3 groups of 
criteria. 

SENSITIVITY ANALYSIS WI7'H 2 HOMOGENEOUS 
GROUPS OF CRITERIA 

Analytical details on such an argument are 
given at § 7.6. 

For viewing the method and its results let's 
go to consider the demo example already dis-
cussed in the previous chapter. So, the criteria 
included in our original impact matrix must be 
here clustered into 2 groups, that is: 

ECO: Economical-related criteria (including 
only the criteria EnPro and InvPow); 

ENV-TEC: Environmental- and Technical-
related criteria (including all the other re-
maining 11 criteria). 
Let's then go to manage the weighing system 

in order to assess the weight situation presented 
in Fig. 8.25. 

age Important:  What is essential here is to 
set up, besides the logic way of including one 
criterion into this or that group, the relative 
weights given to the criteria within each group.  
These can deeply influence the final results. 

Let's suppose again to select all the proposed 
indexes for the analysis. Note that here only the 
indexes derived from weighted functions can be 
selected, being the other (from simple,  un-
weighted functions) not influenced by the varia-
tion induced by the sensitivity analysis on the 
weighing system. 

Once the above index and weight selections 
have been performed, run the Evalua-
tion/Compute...command. After few second, 
the list of the selected indexes appears on the 
memo box in the upper part of the main form 
(Fig. 8.24). This means that computations have 
been all completed. 

At this point we have to select one specific 
index (for example, "synthetic") for obtaining 
on the video the situation with the 3 forms  pre-
sented in Fig. 8.26: 

the main form already described, for select-
ing the index to be used for carrying out the 
analysis at hand; to select the index, click 
with the mouse button on its label name on 
the upper box of the form; 
a graphic form representing the main results 
of the sensitivity analysis; 
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Fig. 8.26 — Results of a sensitivity analysis on 2 homogeneous groups of weights: pattern of the 
selected analysis indexes and maps of best and worst results. 

c) a small legend form, visible only if its rela-
tive button on the top of the previous form is 
pressed; the legend here provides the colours 
by which each project is plotted in the main 
diagrams of the 2'd  form. 
The graphic form has 2 pages: 
Min and Max: providing the graphic results  

on the worst and the best projects, once all 
the alternatives have been ranked according 
to the index currently selected (this is the ac-
five page shown by Fig. 8.26, viz, the one 
that is active when the form is created by 
BYPSE ); 
Details: presenting more detailed  informa- 

Fig. 8.27 — "Details" page when performing sensitivity analysis on 2 homogeneous groups of 
weights. 
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Fig. 8.28 — Selecting the interval of the gradient index 

tion — again in a graphic form - on the pattern 
of the index currently selected, for each proj-
ect included into the analysis (Fig. 8.27). 
The former page provides an immediate un-

derstanding of all the possible final ranked 
situations obtained when the weighing system is 
made to vary according to a complementary 
scale (0:100) between the 2 selected groups of 
weights. The results are mapped into two rec-
tangular diagrams: 

the top one, showing the results with the best 
projects (say, the projects that for each 
weight combination have achieved the most 
favourable analysis index); 
the bottom one, showing the results with the 
worst projects (say, the projects that for each 
weight combination have achieved the least 
favourable analysis index). 
The projects are represented throughout col-

ours: colours associated to each project are 
shown by above said legend. 

A central main diagram is displayed be-
tween the top and bottom ranked results. It plots 
as many curves as the projects in the problem at 
hand are. Each curve represents the pattern of 
the value of the analysis index currently selected 
for each project (the synthetic one in the exam-
ple of Fig. 8.26). The shape of the curve pro-
vides information on the variational sensitivity  

of the index associated to each projects. 
Thus in the example here considered one can 

note that "Old project" is very sensitive to 
weight variations, passing very easily from a 
worst condition (when the ECO group has a 
relative importance lower than 50%) to a best 
condition (when the ECO group has a relative 
importance greater than 58%). On the contrary, 
the "Left riverside" project is never ranked as 
best or worst project; it has a positive trend (in-
creasing the value of the synthetic index) when 
the ECO importance decreases; but these varia-
tions occur according to a curve with low slope. 
This is configured as a typical compromise so-
lution. 

In practice, the curves plotted in Fig. 8.26 are 
the HYPSE version of the diagram shown by 
Fig. 7.6. 

The Details page of the graphic form shows - 
for each project — the gradient of the analysis 
index currently selected (Fig. 8.27). Such a gra-
dient is again presented in a graphic form, link-
ing the index values to a scale of colours as in-
dicated in the legend form (that changes its in-
formation content when the Details page be-
comes active). 

The metaphor here adopted associated the 
best index results to the dark blue and the worst 
index results to the red colour. 
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In practice, such a diagram proposes a 
graphic version of the diagram described in Fig. 
7.5: each point on the X-axis is a standpoint 
configured by a particular set of weight values. 
Only the index of one project at time can be 
viewed. To select another project, press the 
button with the project's name on the Toolbar 
located below the main diagram. 

The resolution by which the coloured gradi-
ent index is displayed in the diagram of Fig. 
8.27 can be set by the user selecting the interval 
scale of analysis from the combo box located on 
the top of the form (see Fig. 8.28). This selec-
tion consists in fixing an integer number that is 
a correct sub-multiple of 100 (2, 4, 5, ..., 100). 
Higher the number, better the graphic resolution 
but even higher the computation time to display 
the draws on the video. By default, HYPSE pro-
poses a resolution scale of 20. If there are no 
PC-system constraints, select 100 for getting the 
best plotting definition. 

Whatever the case, when running the Sensi-
tivity Analysis procedure, HYPSE computes all 
the weight combinations with a scale step equal 
to 1 (thus we have 100 iterative runs when a 
sensitivity analysis with 2 homogeneous groups 
of criteria is performed). So, drawing the dia-
grams with an interval scale lower than 100 
means to compute an "average" index among all 
the indexes included in that particular interval 
scale (viz. if we select an interval scale of 5 — as 
indicated in the upper left diagram of Fig. 8.28 — 
HYPSE will produce a diagram with 5 distinct 
bounds; each bound includes 100/5 = 20 inde-
pendent runs; the average index among these 20 
runs will be computed, then linked to a colour 
according the colour palette presented in the  

legend form and finally plotted). 

SENSITIVITY ANALYSIS WITH 3 HOMOGENEOUS 
GROUPS OF CRITERIA 
Analytical details on such an argument are 

given again at § 7.6. 
For viewing the method and its results let's 

go to consider the demo example already dis-
cussed in the previous chapter. So, the criteria 
included in our original impact matrix must be 
here clustered into 3 groups, as indicated in Ta-
ble 7.4, where the ECO, ENV and TEC typical 
HYPSE's groups were there proposed. 

To carry out such a demo exercise, let's go to 
manage the weighing system in order to arrange 
the weight situation presented in Fig. 8.29. 

Such a profile corresponds to the standpoint 
named Designer's view in the priority matrix 
presented by Table 7.6. 

The sensitivity analysis must be carried fol-
lowing the preparation steps already described 
for the analysis with 2 homogeneous groups. 
Thus, once the index and weight selections have 
been performed, run the Evaluation 
/Compute...command. In this case the compu-
tation time is strongly longer if compared with 
the one required for the 2-group analysis. In fact 
we have an exponential increase of the compu-
tation cases (1002): for the example at hand, 
when HYPSE isrunonaPCwitha 133 MHz 
Pentium processor, the computation time is ap-
prox. equal to 200 s if all the indexes have been 
selected for the analysis. The user is warned that 
computations have been all completed when the 
list of the selected indexes appears on the memo 
box in the main form upper part of the sensitiv-
ity analysis procedure. 

Fig. 8.29 — Weights manager form assessed with the properties specified in the previous chapter to 
perform an example of sensitivity analysis with 3 homogeneous groups of criteria 
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Fig. 8.30 — Results of a sensitivity analysis on 3 homogeneous groups of weights: triangular 
map of best results for the selected analysis index. 

At this point we have to select one specific 
index (for example, "synthetic") for obtaining 
on the video the situation with the 3 forms pre-
sented in Fig. 8.30, and analogous to the one al-
ready described for the 2-group sensitivity  

analysis. 
The most evident difference regard the cen-

tral graphic form. Here a triangular diagram rep-
resenting the graphical map of the best results is 
plotted. Again, a colour is linked to each result, 
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Fig. 832 — "Details" page when performing sensitivity analysis on 3 homogeneous groups of 
weights. 

so that the situations associated to the different 
standpoint can be easily evaluated as a whole. 

Below the triangular diagram there are 2 
buttons: 

Maximum, for viewing the map with the 
best projects (say, the projects that for each  

weight combination have achieved the most 
favourable analysis index); this is the case 
that is automatically displayed by HYPSE 
when starting the presentation of the graphi-
cal results of the sensitivity analysis; 
Minimum, for viewing the map with the 

Fig. 833 — Examples of resolution levels when the map of the 
analysis index gradient is displayed 

a 

t, 
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Fig. 8.34 — Triangular maps of the best and the worst projects, calculated setting to 
equal the relative weights of criteria inside an homogeneous group 

worst projects (say, the projects that for each 
weight combination have achieved the least 
favourable analysis index, Fig. 8.31). 
It can be noted that the New project solution 

is ranked as the best solution for a great part of 
the triangular area. It leaves this "favourable" 
position only when economical-related and 
technical-related factors tend to prevail. In these 
cases the most preferred solutions become Old 
project and Alternative zero, respectively. 
Here again, Old project is found to be very sen-
sitive to weight variations. In fact, it even results 
to be the worst solution in the major part of the 
triangular area. And this is partially true even 
for the Alternative zero. 

To obtain a more exhaustive and comprehen-
sive explanation of the global analysis, the De-
tails page can be even here selected. In a way 
similar to the 2-group analysis, the map of the 
value of the selected indexes are then displayed 
on further triangular diagrams (Fig. 8.32). 

For each index, the stability (or sensitivity) 
of the final results can be even evaluated view-
ing the graphical gradient for any selected in-
dex. 

The graphical resolution analysis can be 
again set by the user. The default value is 20, 
but a better definition (50 or 100) should be ex-
pected for more precise evaluations. In this 3-
group analysis case, higher the resolution, 
higher the time required by the PC for plotting 
the triangular gradient map. Here, it must be 
considered that the unit step of the analysis is 
represented on the diagram by an unitary equi-
lateral triangle having a 1x1x1 size. When a 
resolution of 100 is selected, each case analysed  

by HYPSE points to a sets of triangles of such a 
size. But when a lower resolution is desired, 
bigger triangles are plotted, each referring to the 
average of all the unitary triangles that are in-
cluded in it. 

Some examples of different resolution levels 
are given in Fig. 8.33. 

It must be further stressed that the analytical 
and graphical results of any sensitivity analysis 
depends mostly on the relative weights of crite-
ria, that is the relative priority assumed by each 
criterion inside its homogeneous group. The re-
sults shown by Figs. 8.30 and 8.31 refer to the 
relative weight situation proposed by Fig. 8.29, 
that is the standpoint "Designer's view" in Table 
7.6. Note that all the other standpoints in the 
same Table have different relative weight pro-
files. More precisely, the standpoints from I to 
VII have the common features of an equal dis-
tribution of the criterion priorities inside each 
homogeneous group. 

If we perform a further sensitivity analysis 
setting this new basic feature (that is pressing 
the button "Equal" inside the "Internal weights 
distribution" box of all the 3 groups here con-
sidered), we will obtain the results shown by 
Fig. 8.34. 

Note the different distribution inside the tri-
angular diagrams. The graphic output related to 
the best solutions of Fig. 8.34 is analogous to 
the one obtained in the previous chapter and 
presented by Fig. 7.9. 

All considered, when performing a sensitiv-
ity analysis these aspects must be carefully 
taken into consideration. The stability of the fi-
nal results must be even evaluated with respect 
to the priorities inside each group. 
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Facsimile: +995-32 921508 
E-mail: eecgeo@caucaus.net  
abulashvili@hotmail.com  

Energy Strategy Centre 
Amaranotsain str. 127 
375047 Yerevan, Amenia 
Contact: Surev Shatvorian 
Telephone: +374-2 654052 
Facsimile: +374-2 525783 
E-mail: piuesc@arminco.com  

Energy Center Azerbaijan Republic 
Zardabi Avenue 94 
370016 Baku, Azerbaijan 
Contact: Marina Sosina 
Telephone: +994-12 314208 or 

931645 
Facsimile: +994-12 312036 
E-mail: Marina@azevt.com  

CHINA 
Guangzhou Institute of Energy Con- 
version 
81 Central Martyrs' Road 
510070 Guangzhou, China 
Contact: Deng Yuanchang 
Telephone: +86-20 87606993 
Facsimile: +86-20 87302770 
E-mail: dengyc@ms.giec.ac.cn  

Zheijiang Provincial Energy Re-
search Institute 
218  Wener  Road 
310012 Hangzhou, China 
Contact: Ms Huang Dongfeng 
Telephone: +86-571 8840792 
Facsimile: +86-571 8823621 
E-mail: huangdf@china-zeri.org  

Acta  Energiae Sinica 
3  Hua  Yuan  Lu,  Haidian District 
100083 Beijing, China 
Contact: Li Jintang 
Telephone: +86-10 62001037 
Facsimile: +86-10 62012880 
E-mail: tynxbb@public.sti.ac.cn  

Committee of Biomass Energy, 
China Rural Energy Industrial Asso- 
ciation 
16  Dong  San Huan  Bei Lu,  
Chaoyang District 
100026 Beijing, China 
Contact: Wang Mengjie 
Telephone: +86-1065076385 
Facsimile: +86-10 65076386 
E-mail: zhightec@public3.bta.net.cn  

CROSS-BORDER 	BAVARIA 
AUSTRIA 
ZrEU 
Wieshuberstrafle 3 
DE-93059 Regensburg 
Contact: Toni Lautenschlâger 
Telephone:+49-41 464190 
Facsimile: +49-941 4641910 
E-mail: fenzLzreu@t-online.de  

ESV — 0.O. Energiesparverband 
Landstrasse 45 
AT-4020 Linz 
Contact:  Christiane  Egger 
Telephone: +43-732 65844380 
Facsimile: +43-732 65844383 
E-mail: office@esv.or.at  

Osterreichische Kommunalkredit 
Türkenstrasse 9 
AT-1092 Vienna 
Contact: Kathrin Kienel-Mayer 
Telephone: +43-1 31631440 
Facsimile: +43-1 31631105 
E-mail: k.mayer@kommunalkreditat  

LEV-Landesenergieverein Steier-
mark 
Burggasse 9 
AT-8010 Graz, Austria 
Contact: Stefan Kirchpal 
Telephone: +43-316 8775440 
Facsimile: +43-316 8773391 
E-mail: s.kirchpal@lev.at  

CYPRUS 
Applied Energy Centre of 
the Ministry of Commerce, 
Industry and Tourism Re-
public of Cyprus 
Araouzos 6 
CY-1421 Nicosia 
Contact: Solon Kassinis 
Telephone:+357-2 867140 
Facsimile: +357-2 375120 
E-mail: mcienerg@cytanet.com.cy  

CZECH REPUBLIC 
Technology Centre of the Academy 
of Sciences 
Rozvojova 135 
16502 Prague, Czech Republic 
Contact: Karel Klusacek 
Telephone: +420-2 20390213 
Facsimile: +420-2 33321607 
E-mail: klusacek@tc.cas.cz  
ECU Praha 
Podnikatelska, 1 
19011 Prague, Czech Republic 
Contact: Jaromir Beran 



Telephone: +420-2 67193436 
Facsimile: +420-2 6441268 
E-mail: beran@egu-prg.cz  
DEA  
Benesova 425 
66442 Prague, Czech Republic 
Contact: Hana Kuklinkova 
Telephone: +420-2452 22602 
Facsimile: +420-2452 22684 
E-mail: deabox a sky.cz  

DENMARK 
Danish Technological Institute 
Gregersensvej 
DK-2630 Taastrup 
Contact: Nils Daugaard 
Telephone:+45-43 504350 
Facsimile: +45-43 507222 
E-mail: nils.daugaard@teknologisk.dk  

ESTONIA 
Arch imede 
Estonian Foundation of  EU  
Education  Research Programmes 
Kompanii 2 
51007 Tartu, Estonia 
Contact: Rene Tfinnisson 
Telephone: +372-7 300328 
Facsimile: +372-7 300336 

Estonian Energy Research Institute 
1 Paldiski Road 
10137 Tallinn, Estonia 
Contact: Inge Woos 
Telephone: +372-2 450303 
Facsimile: +372-2 6311570 
E-mail: iroos@online.ee  

Saaremaa County Government 
1  Lossi  Str. 
EE 3300 Kuressaare Estonia 
Contact: Tarmo Pikner 
Telephone: +372-4 533499 
Facsimile: +372-4 533448 
E-mail: tarmo@saare.ee  

EUROPEAN ISLANDS 
International Scientific Council for 
Island Development 
do UNESCO 
1, rue  Miollis  
FR-75015 Paris 
Contact: Cipriano  Marin  
Telephone: +33-1 45684056 
Facsimile: +33-1 45685804 
E-mail: insula@insula.org  

ITER 
Poligono Industrial de Granadilla —  
Parque  Eálico 
ES-38611 San Isidro — Tenerife 
Contact: Manuel Cendagorta 
Telephone: +34-922 391000 
Facsimile +34-922 391001 
E-mail: iter@iter.rcanaria.es  

National Technical University of 
Athens 
9, Heroon Polytechniou St.  
GR-15780 Zografu — Athens 
Contact: Arthouros Zeivos 
Telephone: +30-1 7721030 
Facsimile: +30-1 7721047 
E-mail: Zervos@fluid.rnech.ntua.gr  

AREAM 
Madeira Tecnopolo 
P0-9000-390 Funchal 
Contact:  José  Manuel Melim  

Mendes  
Telephone: +351-91 723300 
Facsimile: +351-91 720033 
E-mail: aream@mail.telepac.pt  

A.N.  Isole  Minori 
Via  dei  Prefetti 
IT-186 Roma 
Contact: Franco Cavallaro 
Telephone: +39-090 361967 
Facsimile: +39-090 343828 
E-mail: FRCAVALL@tin.it  

FINLAND 
The National Technology Agency 
Kyllikinportti 2  
FI-00101 Helsinki 
Contact: Marjatta Aamiala 
Telephone: +358-10 5215736 
Facsimile: +358-1 5215905 
E-mail: Marjatta.Aamiala@tekes.fi  

Finntech Finnish Technology 
Teknikantie 12  
FI-02151 Espoo 
Contact: Leena GrandeII 
Telephone: +358-9 4566098 
Facsimile: +358-9 4567008 
E-mail: leena.grandell@motiva.fi  
Technical Research Centre 
Vuorimiehentie 5 
PO Box 1000  
FI-02044 Espoo 
Contact:  Eija  Alakangas 
Telephone: +358-14 672611 
Facsimile: +358-14 672598 
E-mail: Eija.Alakangas@vtt.fi  

FRANCE 
Ademe 
27, Rue Louis Vicat 
FR-75015 Paris 
Contact: Florence  Clément  
Telephone: +33-1 47652331 
Facsimile: +33-1 46455236 
E-mail: fiorence.clement@ademe.fr  

Ademe-Corse 
Rue St. Claire 8 
FR-20182  Ajaccio  
Contact: Toussaint Folacci 
Telephone: +33-49 5517700 
Facsimile: +33-49 5512623 

GERMANY 
Brandenburgische Energiespar-
Agentur

. 
 

Feuerbachstralle 24/25 
DE-14471 Potsdam 
Contact: Georg Wagener-Lohse 
Telephone: +49-331 98251-0 
Facsimile: +49-331 98251-40 
E-mailskowronekebea-potsdam.de  

Energieagentur Sachsen-Anhalt  
Universitaetsplatz 10 
DE-39104 Magdeburg 
Contact: Werner Zscherpe 
Telephone: +49-391 73772-0 
Facsimile: +49-391 73772-23 
E-mail: 

ESA_zscherpe@md.regiocom.net  

Fiz Jülich 
DE-52425 Jülich 
Contact: Gillian Glaze 
Telephone:+49-2461 615928 
Facsimile: +49-2461 612880 
E-mail: g.glaze@fz-jeulich.de  

Niedersüchsische Energieagentur 
Rühmkorffstrasse 1 
DE-30163 Hannover 
Contact: Annerose Wider 
Telephone: +49-511 9652917 
Facsimile: +49-511 9652999 
E-mail: hoe@nds-energie-agentur.de  

Saarlandische Energie-Agentur 
Altenkesselerstrasse 17 
DE-66115 Saarbrücken 
Contact: Nicola Sacca 
Telephone:+49-681 9762174 
Facsimile: +49-681 9762175 
E-mail: sacca@se.sb.uunetde  

Zentrum für Innovation  und  Technik 
in Nordrhein-Westfalen 
Dohne 54 
DE-45468 Muelheim an der Ruhr 
Contact: Herbert Rath 
Telephone: +49-208 30004-23 
Facsimile: +49-208 30004-29 
E-mail: hr@zenit.de  

GERMAN POLISH 
Berliner Energieagentur 
Rudolstr. 9 
DE-10245 Berlin 
Contact: Ralf  Goldmann  
Telephone: +49-30 29333031 
Facsimile: +49-30 29333099 
E-mail: goldmann@berliner-e-
agentur.de  

GREECE 
Csfta 
Greece 
Contact: Emmanuel Kakaras 
Telephone: +30-1 6546637 
Facsimile: +30-1 6527539 
E-mail: csfta@mail.demokritos.gr  

Cres 
19th Km  Marathonos  Ave.  
GR-190 09 Pikerrni 
Contact: Maria Kontoni 
Telephone: +30-1 6039900 
Facsimile: +30-1 6039911, 904 
E-mail: mkontoni@cres.gr  

Exergia 
64, Louise Riencourt Str.  
GR-11523 Athens 
Contact: George Georgocostas 
Telephone: +30-1 6996185 
Facsimile: +30-1 6996186 
E-mail: Office@exergia.gr  

LDK 
Sp. Triantafyllou 7  
GR-11361 Athens 
Contact: Christos Zacharias 
Telephone: +30-1 8629660 
Facsimile: +30-1 8617681 
E-mail: opet@ldk.gr  

HUNGARY  

National Technical Information Cen- 
tre and Library (OMIKK) 
Muzeum u 17 
H-1088 Budapest, Hungary 
Contact: Gyula Daniel Nyerges 
Telephone: +36-1 2663123 
Facsimile: +36-1 3382702 
E-mail: nyerges@omk.omikk.hu  

KTI 
Than Karoyl u. 3-5  Pf  107 
H-1518 1119 Budapest, Hungary 
Contact: Imre Buki 
Telephone: +36-1 2055904 
Facsimile: +36-1 2055927 
E-mail: buk11704@helkajithu  

Energy Centre Hungary 
Kényves Kálmán Kérüt 76 
H-1087 Budapest, Hungary 
Contact: Andras Kovacs 
Telephone: +36-1 3331304 
Facsimile: +36-1 3039065 
E-mail: an-
dras.kovacs@energycentre.hu  

INDIA  
Tata  Energy Research Institute 
DARBARI SETH BLOCK 
Habitat Place, Lodi Road 
110 003 New Delhi, India 
Contact: Amit Kumar 
Telephone:+91-11 4622246 
Facsimile: +91-11 4621770 
E-mail: Akumar@teri.res.in  

IRELAND 
Irish Energy Centre 
Glasnevin 
Dublin 9, Ireland 
Contact: Rita Ward 
Telephone: +353-1 8369080 
Facsimile: +353 1 8372848 
E-mail: wardr@irish-energyje  

ISRAEL  
Tel-Aviv  University 
69978 Tel Aviv, Israel 
Contact Yair Sharan 
Telephone: +972-3 6407573 
Facsimile: +972-3 6410193 
E-mail: sharany@posttau.acil  

Samuel Neaman Institute 
Technion City 
32000 Haifa, Israel 
Contact: David Kohn 
Telephone: +972-4 8292158 
Facsimile: +972-4 8231889 
E-mail: dkohn@bc.technion.ac.il  

Manufacturers Association of Israel 
Industry House 
29 Hamered St 
500022 — 68125  Tel-Aviv,  Israel 
Contact: Yechiel Assia 
Telephone: +972-35198830 
Facsimile: +972-3 5103152 
E-mail: Metal@industry.org.il  

ITALY 
Aster 
Via  Morgagni,  4 
IT-40122 Bologna 
Contact: Elisabetta  Toschi  



Telephone: +39-05 1236242 
Facsimile: +39-05 1227803 

E-mail: opet@aster.it  

Cesen 
Piazza  della  Vittoria 11A/8 
IT-16121 Genova 
Contact: Salvatore  Campana  
Telephone: +39-010 5769037 
Facsimile: +39-010 541054 
E-mail: cesen@cesen.it  

Cesvit 
Via  G.  del  Pian  dei  Carpini 
IT-50127 Firenze 
Contact: Lorenzo Frattali 
Telephone: +39-055 4294239 
Facsimile: +39-055 4294220 
E-mail: frattali@cesvit.it  

Enea 
Via Anguillarese 301 
S. Maria di Galeria 
IT-2400 Roma 
Contact: Francesco Ciampa 
Telephone: +39-06 30484118 
Facsimile: +39-06 30484447 
E-mail: enea_opet@casaccia.enea.  it 

Fast 
Piazzale Rodolfo  Morandi  2 
IT-20121 Milano 
Contact: Paola Gabaldi 
Telephone: +39-02 76015672 
Facsimile: +39-02 782485 
E-mail: gabaldi@fast.mi.it  

Isnova 
Via Flaminia, 441 
IT-00196 Rome 
Contact: Wen  Guo  
Telephone: +39-06 30484059 
Facsimile: +39-06 3048 4447 

E-mail: enea_opet@casaccia.enea.it  

Multisassari 
StradaProvinciale La Crucca 5 
IT-7100 Sassari 
Contact: Antonio Giovanni Rassu 
Telephone: +39-079 3026031 
Facsimile: +39-079 3026212 
E-mail: energyss@tin.it  

LATVIA 
EKODOMA 
Zentenes Street 12-49 
1069 Riga, Latvia 
Contact: Andra Blumberga 
Telephone: +371 7210597 
Facsimile: +371 7210597 
E-mail: ekodoma@bkc.lv  

RTU  EED  
Kronvalda boulv. 1 
LV-1010 Riga, Latvia 
Contact: Dagnija Blumberga 
Telephone: +371 9419783 
Facsimile: +371 7089923 
E-mail: dagnija@parks.lv  

NETHERLANDS 
NOVEM 
Swentiboldstraat 21  
NL-6130 AA  Sittard  

Contact: Theo Haanen 
Telephone:+31-46 4202304 
Facsimile: +31-46 4528260 
E-mail: thaanen@novem.n1  

PACTO ANDINO 
Cenergia 
Derain n° 198 
Lima 41, Lima, Peru 
Contact: Jorge Aguinaga Diaz 
Telephone: +51-1 4759671 
Facsimile: +51-1 2249847 
E-mail: tecnica@cenergia.org.pe  

Ministerio de Energia  y  Minas Direc- 
cion de Energias Altemativas 
Paez 884  y  Mercadillo 
Edf. Interandina 
Quito, Ecuador 
Contact: Balseca  Granja  
Telephone: +59-32 565474 
Facsimile: +59-32 565474 
E-mail: Memdea@waccom.netec  

UPB 
Circular 1 N° 73 
56006 Medellin 
Colombia 
Contact: Dr. Farid Chejne Janna 
Telephone: +574 4125256 
Facsimile: +5744111207 
E-mail: Fchejne@www.upb.edu.co  

POLAND 
Baltycka Poszanowania Energii 
(BAPE) 
Podwale Przedmiejskie 30  
PL-80-824 Gdansk, Poland 
Contact: Edmund Wach 
Telephone: +48-58 3058436 
Facsimile: +48-58 3058436 
E-mail: bape@ima.pl  
EC BREC 
Rakowiecka 32 
02-532 Warsaw, Poland 
Contact: Krzysztof Gierulski 
Telephone : +48-58 3016636 
Facsimile: +48-58 3015788 
E-mail: ecbrec@me-tech.gda.pl  

The Polish National Energy Conser- 
vation Agency (KAPE) 
Nowogrodzka 35/41  
PL-00-691 Warsaw, Poland 
Contact : Marina Coey 
Telephone: +48-22 6224389 
Facsimile: +48-22 6222796 
E-mail: public.relations@kape.gov.pl  
8.5.28 	PORTUGAL 
Cce 
Estrada de Alfragide, Praceta 1 
P0-2720-537 Amadora 
Contact: Luis Silva 
Telephone:+351-1 4722818 
Facsimile: +351-1 4722898 
E-mail: silva@cce.pt  

lnesc-Porto 
Largo Mompilher, 22 
P0-4050-392 Porto 
Contact: Vladimiro Miranda 
Telephone: +351-22 2094234  

Facsimile: +351-22 2084172 
E-mail: vmiranda@inescn.pt  

Instituto Superior Técnico 
Av. Rovisco Pais 
P0-1049-001 Lisboa 
Contact: Maria  da  Graça Carvalho 
Telephone: +351-1 8417372 
Facsimile: +351-1 8475545 
E-mail: maria@navierist.uti.pt  

ROMANIA 
Enero 
Enegeticienilor 8 
74568 Bucharest, Romania 
Contact: Alexandru Florescu 
Telephone: +40-1 322 0917 
Facsimile: +40-1 322 27 90 
E-mail: femopet@icemenerg.vsat.ro  

lcpet Certcetare 
VITAN, 236 
74369 Bucharest, Romania 
Contact: Catalin Flueraru 
Telephone: +40-1 3229247 
Facsimile: +40-1 3214170 
E-mail: icpetc@com.pcnet.ro  

Ispe 
P.O. 30-33 
Lacul Tei Blvd. 1 
72301 Bucharest, Romania 
Contact: Anca Popescu 
Telephone: +40-1 2103481 
Facsimile. +40-1 2103481 
E-mail: Dirsis@ispe.ro  

RUSSIA 
Intersolarcenter 
2, 1-st  Veshyakovski Proezd 
109456 Moscow, Russia 
Contact: Akhsr Pinov 
Telephone: +7-095 1719670 
Facsimile: +7-095 17149670 
E-mail: intersolar@glas.apc.org  

St. Petersburg Energy Centre 
Polyustrovsky Prospect 15 Block 2 
Kalininskiy Rayon 
195221 St. Pertersburg, Russia 
Contact:  Nikita  Solovyov 
Telephone: +7-812 3271517 
Facsimile: +7-812 3271518 
E-mail: encenter@onlinesu  

SLOVAKIA 
Energy Centre Bratislava 
Bajkalská 27 
827 99 Bratislava 27 -Slovakia 
Contact : Vladimir Hecl 
Telephone: +421-758248472 
Facsimile: +421-7 58248470 
E-mail: ecbratislava@ibm.net 
.glaze@fz-juelich.de  

SLOVENIA 
Institute  "Jozef  Stefan" 
Jamova 39  
SI-1001 Ljubljana, Slovenia 
Contact: Tomaz Fatur 
Telephone: +386-61 1885210 
Facsimile: +386-61 1612335 
E-mail: tomaz.fatur@ijs.si  

Civil Engineering Institute ZRMK 
Dimiceva 12  
SI-1000 Ljubljana, Slovenia 
Contact: Marjana Sijanec Zavri 
Telephone: +386-61 1888342 
Facsimile: +386-61 1367451 
E-mail: msijanec@gi-zrmk.si  

University of Ljubljana, Center for 
Energy and Environment Technolo- 
gies 
Askerceva 6  
SI-1000 Ljubljana, Slovenia 
Contact: Vincenc Butala 
Telephone: +386-61 1771421 
Facsimile: +386-61 218567 
E-mail: vinvenc.butala@fs.uni-Ifsi  

SOUTHERN AFRICA 
Minerals and Energy Policy Centre 
76,  Juta  Street 
2050 Braamfontein 
Johannesburg, South Africa 
Contact: Frank Hochmuth 
Telephone: +27-11 4038013 
Facsimile: +27-11 4038023 
E-mail: frank@mepc.org.za  

Botswana Technology Centre 
10062  Machel  Drive 
Gaborone, Botswana 
Contact: Nick Ndaba Nikosanah 
Telephone: +267 314161 or 584092 
Facsimile: +267 374677 
E-mail: nndaba@botec.bw  

SPAIN 
Age. 
Castilla la Mancha 
Tesifonte  Gallego  22 
E-2002 Albacete 
Contact: Agustin Aragon Mesa 
Telephone: +34-925 269800 
Facsimile: +34-925 267872 
E-mail:  Rn  ieto@jccm. es  

Ciemat 
Avd. Complutense 22 
E-28 040 Madrid 
Contact: Fernando Alegria 
Telephone: +34-91 3466343 
Facsimile: +34-91 3466455 
E-mail: talegria@ciemates  

Eve 
San Vicente, 8 Edificio Albia I-P 14, 
E-48001 Bilbao 
Contact: Juan Reig  Gifler  
Telephone: +34-94 4355600 
Facsimile: +34-94 4249733 
E-mail: jreig@eve.es  

Icaen 
Av. Diagonal 453  bis,  Atic 
E-08036 Barcelona 
Contact: Joan Josep Escobar 
Telephone:+34 93 6220500 
Facsimile: +3493 6220501 
E-mail: edificis@icaen.es  

Idae 
Paseo de la Castellana 95 
E-28046 Madrid 



Contact: Virginia Vivanco Cohn 
Telephone: +34-91 4565024 
Facsimile: +34-91 5551389 
E-mail: VVivanco@idae.es  

Impiva 
Plaza del  Ayuntamiento,  6 
E-48002 Valencia 
Contact: Joaquin Ortola Pastor 
Telephone: +34-96 3986336 
Facsimile: +34-96 3986322 
E-mail: XiMo.ortola@impiva.m400.gva.es  

Sodean 
Isaac Newton Isla de la Cartuja 
E-41092 Sevilla 
Contact: Maria Luisa Borra Marcos 
Telephone: +34-95 4460966 
Facsimile: +34-95 4460628 
E-mail:Marisaborra@sodean.es  

Sofiex 
Moreno de Vargas N° 6 
E-6800 Merida  

Contact: Antonio Ruiz Romero 
Telephone: +34-924 319159 
Facsimile: +34-924 319212 
E-mail: Aruiz@bme.es  

8.5.35 	SWEDEN 
STEM - Swedish National Energy 
Administration 
631 04  Eskilstuna,  Sweden 

Contact: Sonja Ewerstein 

Telephone:+46-16 5442117 

+46-70 6486919 

Facsimile: +46-16 5442270 

E-mail: sonja.ewerstein@stem.se  
36. UK 
Dulas 
Unit1 Dyfi  Eco Parc  
UK-SY20 8AX Machynileth 
Contact: Janet Sanders 
Telephone: +44-1654 795014 
Facsimile: +44-1654 703000 
E-mail: jsandersen.apc.org  

Etsu 
Harwell, Didcot 
UK-OX11 ORA Oxfordshire 

Contact: Lorraine Watling 

Telephone:+44 1235 432014 

Facsimile: +44 1235 433434 
E-mail: lorraine.watling@aeat.co.uk  

Nifes 
8 Woodside Terrace 

UK-G3 7UY Glasgow 

Contact: Andrew Hannah 

Telephone:+44 141 3322453 

Facsimile: +44 141 3330402 
E-mail: ahannah@nifes.co.uk  

Scottish Energy Efficiency Office 
UK-G2 6AT Glasgow 

Contact: Allan Mackie 

Telephone: +44 141 2425842 

Facsimile: +44 141 2425691 

E-mail: Allan.Mackie@scotland.gov.uk  

The Combustion Engineering Asso- 
ciation 
la Clarke Street 
UK-CF5 5AL Cardiff 
Contact: David Arnold 
Telephone: +44-29 20400670 
Facsimile: +44-29 20400672 
E-mail: Cea@comubustion.co.uk  

World Coal Institute 
Oxford House, 182 Upper Richmond 
Road, Putney 
UK-London SW15 2SH 
Contact: Charlotte Griffiths 
Telephone: +44-20 82466611 
Facsimile: +44-20 82466622 
E-mail: cgriffiths@wci-coal.com  

Wrean 
1 Newgents Entry 
UK-BT74 7DF Enniskillen 
Contact: Robert Gibson 
Telephone: +44-1365 328269 
Facsimile: +44-1365 329771 
E-mail: robert@wrean.cosuk  


