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OVERVIEW OF THE IEA IMPLEMENTING AGREEMENT
FOR HYDROPOWER TECHNOLOGIES AND PROGRAMMES

The Hydropower Implementing Agreement is a collaborative programme among nine countries; Canada,
China, Finland, France, Japan, Norway, Spain, Sweden and the United Kingdom. These countries are
represented by various organizations including electric utilities, government departments and regulatory
organizations, electricity research organizations, and universities. The overall objective is to improve
both technical and institutional aspects of the existing hydropower industry, and to increase the future
deployment of hydropower in an environmentally and socially responsible manner.

HYDROPOWER

Hydropower is the only renewable energy technology which is presently commercially viable on alarge
scale. It has four major advantages: it is renewable, it produces negligible amounts of greenhouse gases,
it is the least costly way of storing large amounts of electricity, and it can easily adjust the amount of
electricity produced to the amount demanded by consumers. Hydropower accounts for about 17 % of
global generating capacity, and about 20 % of the energy produced each year.

ACTIVITIES

Four tasks are operational, they are: 1. upgrading of hydropower installations, 2. small scale
hydropower, 3. environmental and social impacts of hydropower, and 4. training in hydropower. Most
tasks have taken about five years to complete, they started in March 1994 and the results will be available
in May 2000. To date, the work and publications of the Agreement have been aimed at professionals in
the respective fields.

UPGRADING

The upgrading of existing hydropower installations is by far the lowest cost renewable energy available
today. It can sometimes provide additional energy at less than one tenth the cost of a new project. One
task force of the Agreement is studying certain technical issues related to upgrading projects.

SMALL SCALE HYDROPOWER

Advances in fully automated hydropower installations and reductions in manufacturing costs have made
small scale hydropower increasingly attractive. The small scale hydropower task force will provide
supporting information to facilitate the development of new projects.

ENVIRONMENTAL AND SOCIAL ISSUES

For some hydropower projects the environmental and social impacts have been the subject of vigorous
debate. Thereis a need to communicate objective information to the public, so that countries can make
good decisions with respect to hydropower projects. The environmental task force will provide such
information on possible social and environmental impacts and on mitigation measures.

TRAINING

The availability of well-trained personnel is a key requirement in the hydropower sector. The training
task force is concentrating on training in operations and maintenance, and planning of hydro power
projects.
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PREFACE

This report is the result of the work of sub-task 8.2 — Economic risk- and sensitivity analysis for
small-scale hydropower projects — of the Task Force on Small Scale Hydropower. This is one of
four task forces of the IEA Implementing Agreement for Hydropower Technologies and
Programmes. The sub-task started in 1997 and has drawn on the resources and expertise of the
participating countries in the task force.

Before a developer / investor decides to realise a hydropower-project, he wants to have a total
overview of the economy of the project. This includes not only the expected costs and benefits,
but also the sensitivity; i.e. the corresponding economical risk and uncertainty. Different methods
have been developed to calculate and illustrate the risks and uncertainty.

We hope that this report can make a useful contribution to the economic evaluation of
hydropower projects, and can also contribute to the dialogue between developers, investors and
financing institutions.

The views presented in this report do not necessarily represent the views of the International
Energy Agency, nor the governments represented therein.
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SUMMARY

This report deals with uncertainty and economical risks related to hydropower projects. The
report is divided into ten major chapters:

The first chapter gives an introduction and background.

Chapters 2-4 describe the different components that influence the economics of a project (on the
benefit- and cost-side) and the uncertainty each component is burdened with.

Chapter 5 describes various methods for the calculation and evaluation of the risks associated
with benefits and costs.

Chapters 6-9 present the step-by-step principle; the structure, the calculations and the results.

Chapter 10 gives an example. Two methods are used and presented. One of the methods includes
aMonte Carlo simulation.

The main conclusions/ results of this report are:
» A checklist of the different components that influence the profit is presented / discussed.

* Tools / programs for the uncertainty- and risk analyses that have been developed are
presented and demonstrated.



1 INTRODUCTION/BACKGROUND

Basis: A small hydropower project has obtained the necessary permissions for development. The
potential owner now wishes to make afinal decision on whether to complete the project and also
wishes to know how to finance the project.

Beforerealising aproject it isimportant not only to check the risk and sensitivity of the cost side,
but also the potential benefits. The benefits and costs (investment- and maintenance costs) ought
to be checked for the lifetime of the plant. Special "dangerous’ elements must be identified and
priced. As an aternative special efforts can be made to to reduce or eliminate the risks involved.

This report systematically goes through the relevant costs and risk categories and can thus be
used as a guide or checklist.

2 |IDENTIFICATION OF RELEVANT COMPONENTSTHAT
INFLUENCE THE OVERALL PROJECT ECONOMICS

The main components that influence the profit of a powerplant are:

* The benefit obtained from the energy production
* Investment costs
» Costs of maintenance and operation

Multipurpose aspects are also considered.

The main components are shown in Appendix 1.1, 1.2 and 1.3.

3 COMPONENT BENEFITS

The various elements of a hydropower project are shown in Appendix 1.2. Even if the main
income from the project will be derived from selling electricity, it is also of interest to check
whether the owner can obtain other benefits (in cash or in other ways). As for larger projects the
possibility of multipurpose use ought to be checked. Such uses may include irrigation, flood
control, water supply and navigation. If the project is a "run-of-river" plant in a rural area, the
possibility of using the "free" power (electric or direct) during the night and low-load periods
should be taken into consideration. Relevant keywords — include heating, cooling, mechanical
work, drying and pumping,



3.1 Production

The power actually produced is a product of the following factors:

* The plant capacity etc.; reservair, installation, operation
* Water discharge/available volume

» Gross head

» Tota efficiency (including losses in the waterway)

» Gridlosses

» Ddivery reiability
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3.1.3

Plant capacity

The capacity of the power plant, the reservoir volume and the strategy for operating
determines the water actually available for electricity production. Actual capacities and
volumes must be checked if they do not appear to be reasonable.

Water discharge/available volume

Catchment area
Using a planimeter or GIS the catchment area is normally easy to determine (except in
limestone areas, €etc.).

Total runoff

Total runoff is very often one of the most uncertain points. For larger projects a gauging
station will normally have been in operation for some years before the plant is built. For
small projects it is normally too expensive to establish a gauging station, so other
methods have to be used. In the EU a system has been developed for this purpose. In
other countries where the topography may change within a small area it is more difficult
to estimate the runoff without gauging. In such places the estimate of runoff, including
both the specific runoff and the runoff variation through the year, is relatively uncertain.
The catchment area is normally easy to estimate if maps are available, but developers
should be aware of streams that run through the ground (karst, leakage).

Restrictions
Even for small hydro projects restrictions may be necessary. Keywords here are residual
flow, smooth manoeuvring of the plant; i.e. not start/stop.

These restrictions will have been described and set out when the licence was given, and
the uncertainty should therefore have been eliminated.

Gross head

This is normally easy to determine. One need only be aware of the changes in the
reservoir and the tailwater. Using a simulation model it can be calculated automatically.



3.1.4 Totd efficiency

This is relatively easy to estimate. It is a product of the efficiency of the turbine, the
generator, the transformer and the losses in the waterways. Greater or lesser losses in the
grid may also have to be taken into account. In new plants efficiency uncertainty is
relatively small, while it can be higher in older plants.

3.15 Gridlosses

A new plant will have an influence on grid losses. It is important to be aware that
implementation of a new plant will not necessarily increase such losses; sometimes it may
reduce them.

3.1.6 Ddlivery reliability

Depending of the location of the plant in the grid and consumption location, reliability of
delivery may be improved.

3.2 Power value/Present value

The most important factors that should be taken into account are:

* Prices
* Present value factor (function of rates and lifetime)

3.2.1 Energy prices

In many countries this factor is one of the most difficult to estimate. Relevant questions here
include Grid connection today or in the future? Alternative energy sources? General price? Firm
or surplus price? Peak power price? Extra price for rotating reserve? Political aspects? Free
markets?

Different scenarios should be drawn up, but the best bet is to come to an agreement with a buyer
for thefirst critical years (for example 10 years).

3.2.2 Present value factor

The calculation rate and the lifetime of the plant determine the present value factor. The table
below gives some examples of the present value factor.



Lifetime, Rate, %
years

3 6 9 12 15
20 14,88 11,47 9,13 7,47 6,26
40 23.12 15,05 10,76 8,24 6,64
60 27,68 16,16 11,05 8,32 6,67
3.2.3 Present value of production

The present value of production is the product of the energy output and the present value of the
energy price.

3.3 Multipurpose aspects

The present value of these aspects should be included.

4 COMPONENT COSTS

The individual components are shown in Appendix 1.3. The costs can be divided into two parts:

» construction/investment costs
»  operation/maintenance/refurbishment costs

4.1 Construction costs

The construction costs can be divided in civil engineering/electromechanical costs and overhead

Costs.
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4.1.2

Civil engineering/Electromechanical costs

Appendix 1.3 shows the main cost components. diversion, reservoir, waterways and
power station. Roads, transmission lines, enterprises, miscellaneous and contingencies are
also included here. A systematic check of the components, including choice of materials,
is essential. Specia conditions at dam-sites and waterways should be paid particular
interest.

Overhead costs.

This includes planning and administration costs during construction, taxes,
compensations, financing during construction, political / environmental resistance
(despite of legal permission). Normally small hydro plants have no problems with



resistance, but it can happen and will cost a lot of money if you have to stop during
construction.

4.2  Operation/M ai ntenance/Ref urbi shing/Force maj eure-costs

4.2.1

4.2.2

4.2.3

4.2.4

Operating and maintenance costs

These include the normal costs of operating the plant and will normally be relatively
constant from year to year. If the river has a heavy sediment load, specia attention should
be paid to the implications.

Taxes and fees

The expected stability of the taxload in the country concerned should be estimated.
Possible fees should also be considered.

Upgrading/refurbi shment/enlargement

The present value of this ought to be calculated and included especialy where the plant
will be operating under particularly wearing conditions.

Force majeure

Relevant keywords here include seismic activity, unstable politica system
(nationalisation), landslides, etc., etc.

If the environmental impact of the project turn out to be more serious than expected, the
plant may have to be shut down. The probability of such an eventuality should be
estimated.

5 EVALUATION OF THE RISKSASSOCIATED WITH BENEFITSAND COSTS

Various methods are available to provide an overview of the risksinvolved.

5.1 Addanitem for “unforeseen costs’

The traditional approach to accounting for risk isto add an item for “unforeseen costs’ in the cost
estimate. The amount added depends on the developer’s “gut feeling.”

5.2  Sensitivity analysis

Probably the most common way of handling project risk in practice is to carry out a sensitivity
analysis. The developer makes his best estimate of the revenues and costs involved in a project,



calculates the project’'s NPV, and checks the sensitivity of the NPV to possible errors in the
estimation of power production and the various cost items.

The results of the sensitivity analysis are often presented in a diagram. An example is shown
below. If the lines are flat the NPV is relatively insensitive to changes in the cost item. Steep
lines indicate that uncertainty in the item may strongly affect the project. The developer should
take great care in predicting these items.

Internal rate of return

20%
N
AN
N
AN
18% N N — Investment
AN
AN
AN
16%
AN
AN
N
AN
N
14% ~
AN
N
™ _F-—- Total income
12%
-20% -10% Base +10% +20%
Star Diagram

5.3 Standard deviation as a measure of risk
The variance, or the standard deviation, measures the dispersion around the mean vaue of a

particular item of measurement. It provides information about the extent of potential deviations
from the expected value.




The expected cost and standard deviation of an item can be estimated from a cost database, if
available. An alternative is to ask the opinion an experienced group of professionals on the
expected cost of the item in question; a maximum cost and a minimum cost. If the probability
distribution is known (or assumed) it is then possible to estimate the standard deviation of the
item.

If the expected value and standard deviation of each cost (or revenue) item are known and the
items are independent, calculation of the total project costs (or revenues) and their variance is
straightforward:

where:
C = expected project cost
C; = expected cost of theith item
o = standard deviation of the project cost
0; = standard deviation of theith item.

In many cases each cost item is calculated on the basis of number of units and unit price, for
example the quantity of concrete poured and its price per m®. In this case the expected cost and
variance of the cost item is calculated by:

C =cm

0% =(co,)’ +(mo,)’ +(0,0.)°

where:
Ci = expected cost of theith item
C = unit cost
m = number of units
o; = standard deviation of theith item
om = standard deviation of the number of units
0. = standard deviation of the unit cost

In many cases the costs of the individual items are not independent. For example if steel prices
increase, so will the cost of the penstock, the cost of reinforcement bars and the cost of
mechanical equipment. This may be taken into account by including the covariance between the
different items when calculating the standard deviation of the project cost. In practice, however,
itisdifficult to quantify how individual items fluctuate together, i.e. to quantify the covariance.



The problem of dependence may be handled by identifying conditions that will influence a large
portion of the project and treating them individually.

5.4 Step-by-step calculations

Detailed cost calculation is a time-consuming and expensive process that involves dividing the
project into a large number of cost items, and estimating the expected value and standard
deviation of each and the project as a whole. This may not be feasible in the early stages of the
project.

It is important to focus early on cost items and conditions that strongly influence the risks

involved in the project. This is the background for the “step-by-step” procedure that was

introduced by Lichtenberg (1978). The main stepsin this procedure are:

* Theproject cost is divided into a number of independent items.

» The expected value and variance of the cost (or revenue) is calculated for each item.

* In order to reduce the uncertainty, the item with the largest uncertainty, i.e. the largest
variance, is divided further into a number of independent sub-items.

» The expected value and variance of the cost (or revenue) is calculated for each sub-item.

The procedure is reiterated until the overall uncertainty in the cost/revenue estimate is regarded
as satisfactory, or until further improvement is impossible. The method is described in detail in
section 7 of thisreport.

5.5 Monte-Carlo ssmulation

The economic outcome of any project depends on a large number of factors. If the factors are
interdependent the methods described above may not be suitable. In such cases, Monte-Carlo
simulation may be used instead. Using Monte-Carlo simulation makes it possible to take
interdependencies into account. The simulation provides a complete frequency distribution of the
project outcome, rather than only the standard deviation. This may be important when the
distribution is highly skewed.

Before the smulation can be carried out the analyser must make a model of the project. This
model must include all relevant cost and revenue items, and their interdependencies. Each item
isdescribed in terms of its expected value and probability distribution.

The simulation involves selecting a single value for each item and calculating the resulting
project value using the selected values. This is repeated many times and the results are used to
calculate the expected project value, the standard deviation and the distribution of the outcomes.

Model building and simulation are normally done with the aid of a computer program. Building a
model and running a simulation is relatively easy with a modern, user-friendly computer
program. The real problem is to assess the expected value and probability distribution of each
item, and to evaluate their interdependencies.



The example in section 11 demonstrates how Monte-Carlo simulation can be used to assess risk
in hydropower project.

6 THE STEP-BY-STEP PRINCIPLE

6.1 Introduction

The step-by-step method is a "top-down approach” that is suitable for order-of-magnitude
estimates with focus on relevant information as a basis for making early-stage decisions.

The basic problem at an early stage of the project isillustrated below:

» Thereisalack of relevant information
» Thecost of relevant information is high
» Thedecision impact of cost and quality is high

Avaiable
information

/Project Cost

Decisisions
impact on Cost
- S« and Quality
/ \\“

-
e

Cost of rel_evant Time
Information
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Typical uncertainty figures:

A

c

o

S .

£ < -

3 S Feasibility study

© 5

e o

> %_ Detailed planing

< =

B 8

@

2

D \

>
Identification Definition Realsation

Screening 40%
Feasibility study 30%
Budget 20%
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6.2 The situation map

Clarity of the

objective Innovation
Complexity
Acceptance of the
objective
Organization .
9 Size
Market Duration
conditions
< Uncertainty Uncertainty >
organization related production related

The situation map can be helpful in the process of quantifying and visualising the characteristics
of the situation in which the information is valid. The sectors represent possible causes of
uncertainties.

The situation map should be filled in by intuition. The degree of shading of the sectorsis used to
illustrate the exposure to uncertainties.

* Predominantly dark shading in the right half of the circle indicates mainly production-related
uncertainty.

12



» Predominantly dark shading in the left half of the circle indicates mainly organisation-related
uncertainty.

The situation map intuitively illustrates the results of the subsequent planning session should
reflect and document the uncertainties that.

6.3  Theworking procedure of the step-by-step principle

1 Objective
of the analysis

6 Details

5 Calculation
Evaluation

Defining and limiting the objective of the analysis

Identifying the overall influence factors

Structure, i.e. work-breakdown structure

Cost estimates

Cost calculation

If necessary, detailing the work breakdown structure and aloop to 2-5, or
Conclusion

NogakrowbdE
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This working procedure forces the resource group to

*  Work "top-down”

* Reduce uncertainty systematically

* Add relevant information only where the planning effort really matters

6.4 Theresource group

The number of participants in the resource group should be adapted to the magnitude of the
project.

* Minor projects

A resource group of two or three persons should be sufficient. The group must consist of the
most experienced professionals, who should be capable of effectively analysing the available
information in order to identify the financial risks.

* Magjor projects

A resource group of four to six persons will be required to produce a successful analysis of the
financial risks involved.

The resource group should consist of
» Key persons with direct influence on the decisions
» Professionals and experts.

The planing session should start with a project start-up workshop

During the session it is important to focus on:

» Establishing a creative process and communication.

* Theequality of all participants regardless of formal position.

* Theawareness of al participants of the previous point, and their acting in accordance with it
* No participant being allowed to dominate the session.

During the planing session a moderator should guide the resource group.

6.5 The moderator

The moderator is responsible for:

» Guiding the resource group so that the planning process is efficient and systematic
»  Support communication, co-operation and the creative process

* Document evaluations and estimates made in the session.

6.6 The planning session

The planning session should be an active, motivating, interesting and teambuilding event that
should be carefully prepared. The success factors comprise promotion of::

* Creativity

* Communication

» Co-operation.

14



Material describing the background and objective of the project should be prepared and
distributed to participants before the session. The primary objective of the session is to establish
clarity and acceptance of the project objectives.

A creative part of the session should follow, bringing frank and open ideas regarding any
elements that might influence the project in any way. No elements are irrelevant; al should be
regarded positively at this point.

After most ideas appear to have been identified, the elements need to be structured and judged.
Relevant elements must be related to the respective accounts.

Consensus regarding the elements must be established within the group:

*  Whether they are relevant or irrelevant
» The magnitudes of the triple estimates of cost overall influence factors and income.

Each element should be briefly but adequately commented on for the sake of having proper and
traceable documentation of the decisions made, even the irrelevant ones.

7 STRUCTURE

In order to calculate the potential profitability of a project a suitable list of accounts must be
provided, corresponding to a work breakdown structure (WBS). The list of accounts should
contain as few elements as are essential to reduce the financial uncertainty to an acceptable level.

7.1 Madter structure

A suitable list of accounts is adapted to the work breakdown of
Civil engineering, mechanical and electromechanical work by examples:

* Reservoirs

» Diversions

e  Waterways

* Power station, civil engineering works.

* Power station, mechanical and electro-mechanical installations
* Roads and transmission lines

» Temporary and permanent buildings, storage, workshops

* Mitigating measures.

Overhead
* Planing and administration
 Taxes

» Compensation
* Finance during construction

15



Operational costs
e Operation
* Maintenance

Overdll influence factors
e Politica

»  Geographical

e Product-related

* Organisational

Benefits:

* Power price (and power production)
» Discount factor

e Other sources of income

Even at the earliest stage several of these elements should be grouped and only separated when

their contribution to overall uncertainty is unacceptably high.

7.2 Theoverdl influence factors

In the early stages of the project certain overall influence factors are of significance. These

factors can be arranged into the following four categories:

Overall influence matrix

Political aspects

Geographical aspects

Examples:

Government policy
Local regulations

Examples:

Mass properties
Climatic conditions

Product-related aspects

Organisational aspects

Examples:

Complexity
Duration

Examples:

Contracting form
Number of contractors

Due to the fact that these factors may have a great influence on uncertainty, they must be properly

identified and their influence estimated.
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8 CALCULATIONS

The calculations are based on triple estimates of al cost elements, overall influence factors and
income elements. Two different ways of calculating the results may be suggested:

Calculation by means of

» A spreadsheet program, such as Microsoft Excel

The local mean value and standard deviation for each element are determined by means of Erlang
functions.

To simplify the calculations:
Mean value: E mean = (€ maxt3€ ex +€ min)/ 4.95
Standard deviation: 0 = (€ max-€ min)/ 4.6

Results obtained from this method have satisfactory accuracy and they are quite close to results
obtained using Monte Carlo ssimulation.

9 Reaults

The calculations reveal the contingency, i.e. budgetary provision discrepancies in the base
estimate assumptions.

7<:0ntingency

Density of Probability

Most probable value
Expected value
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The cumulative probability distribution shows the project costs:

>

% -
— Poject reserve

[

-

Probabability

a
o

, The Cost will not
be exceeded by a
probability of 70%

Expected value

>

Cost

* Thecost will exceed the expected value with a probability of 50%
* Thedetermination of the acceptable probability gives the cost budget and the project reserve.

Separate calculations of the project cost should be made as a first step towards obtaining the
magnitude of the individual costs.

Including the income elements in the calcul ations reveal s the profitability of the project.

10 MONTE CARLO SSIMULATION. EXAMPLE

10.1 Input

All cost and income items considered relevant to the project economy are included in the Monte-
Carlo model. The model structure is shown in appendix 3.1 and 3.2. A “node” (filled circle)
represents each cost item. The expected value, an upper- and lower bound, and the type of
probability density function to represent the node, i.e. log-normal describe the statistics of each
item (node). An example of node input is shown in appendix 3.3. The figure shows a skewed
probability distribution that is typical for cost items. The graphical user interface makes it easy to
construct a simulation model, but the user should be familiar with statistic methods.

10.2 Results

The results of the ssmulation may be presented in various ways.
e Histograms
* S-curves

18



* Overview of the influence of each component.

It is important to remember that this method can be used at different stages of a project. At an
early stage Monte-Carlo ssimulation may be used for a rough estimate of the project risk, and to
identify the main sources of uncertainty. Work can then be done on these components to reduce
the uncertainty and/or improve the project.

As the project develops further, the model is refined and extended. Different items will dominate
uncertainty at different stages of the project. By continuoudly refining and updating the model it
is possible to monitor the project uncertainty, and to focus risk management efforts on the most
important sources of uncertainty at each stage.

10.3 Examples

Appendix 1

App. 1.1 Project Structure, Main Elements
App. 1.2 Project Structure, Benefits

App. 1.2 Project Structure, Cost

Appendices 2 and 3

Uncertainty assessment is illustrated by means of an Excel spread sheet and by Monte-Carlo
simulation using the computer program “Definitive Scenario”. The example concerns a
hydropower project with an estimated production of 39 GWh/year. The results from using the
two different methods, e.g. spread sheet and Monte-Carlo simulation) are shown below.

Excel spread sheet Monte Carlo simulation
mill NOK mill NOK
Total investment 64 68
Total cost 70 73
Total income 111 114
Project profit 41 41

(1 $=8.40 NOK).

Appendix 2 Calculations in Excel spread sheet
App. 2.1 Table with input and results
App. 2.2 S-curve project profit

App. 2-2 shows the main contributing items to cost uncertainty

* The uncertainty in waterways (28 %) is mainly related to assessing the need for tunnel
support.

» Politically related uncertainty (28%) is due to restrictive legislation practices and probable
local resistance to the project

19



» Organisational aspects (11%) are due to uncertain contracting form.

App. 2-3 shows the main contributing items to income uncertainty

»  Power price (67%) is frequently the item that dominates uncertainty

* Therisk associated with annual power production (15%), in relatively small in this case, the
reason being flow gauging station close to the proposed intake site.

Appendix. 3 Calculations using Monte-Carlo simulation (Definitive Scenario)

App. 3.1 Main structure

App. 3.2 Sub structures

App. 3.3 Example of node input

App. 3.4 Summary of Input

App. 3.5 Results Basic Statistics

App. 3.6 S-Curves, Project Profit / Total Project Cost / Total Project Income
App. 3.7 Costs uncertainty. Waterways dominate contribution to uncertainty
App. 3.8 Cost / Profit uncertainty

App. 3.9 Histograms, Project Profit / Total Project Cost / total Project Income

10.4 Conclusions

If the project is still interesting after an acceptable estimate of the benefits, costs and risks, it is
time to get the project properly financed. Of course, in many cases the question of financing will
be taken into account at an earlier stage.
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Appendices

Appendix 1

App. 1.1 Project Structure

21

MAIN ELEMENTS
OPERATION ++ INVESTMENTS PRODUCTION
MILTIPURPOSE USE
COSTS BENEFITS
PROJECT



App 1.2 Project Structure

‘ PLANT RESERVOIR i

CATCHMENT _ | BENEFITS

[

[
‘PLANTSTRJETEGYI i SPES. RITHOFF |

|

[

‘PLANTCAPACIT’E’I RUNCFF PATTERN | ‘ RATE }— 4{ FRICE SUM./WINTER ‘
4{ RESTRIC TIONS | ‘ LIFETIME }— 4{ PRICE FIRM/SIRFLUS ‘
| v ALl WATER | 4{ PRICE DAY MIGHT/PELK ‘
4| PRICE ROTATING RES.

‘ HELD i i EFFICIENCY | ‘
| FRODUCTION |

‘ GRID LOSSES +- Ii
| NET. PROD, | | FRES. VALUE ENERGY |

| NET. PRES. V ALUE |

|
| MULTIFURPOSE USE |——| EFF. OW OTHER PLANTS

------- —{ COSTS | | TOTAL BENEFITS | —| IRRIGATION

—{ NAVIGATION

|
|
— |
PROJECT —{ FLOOD CONTROLE ‘
|
|

—{ WATER SUPPLY

—| (OTHERS
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App. 1.3 Project Structure

ROADS COSTS
PLANMNING/
TRANSH. LINES ADMINISTRATION
ENTERFRISES TALXES
MISCELLANEQUS/ COMFENS ATIONS
CONTIHNGENCIES
FINANCE D, CCNSTE, L RATE
STATION POLITIC/ENY CONSTE. TIME
RESISTANCE
WATERWAY
RESERVOIR. OVERHEAD
DIVERSION CIV /ELMEK
OFERATION OFERATION ++
MAINTEN ANCE COSTS BENEFITS |—---
TPGRAD REFURE,
TALXES, FEES PROJECT
FORCE MAJEURES
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Appendix 2
App. 2.1 Excel Spread Sheet Calculation

Cost/income group Cost/benefit estimate by user

Computed values

Variance/total

Most Expected Standard variance of cost
Low probable High value deviation Variance or income
Civil, mechanical and electromechanical cost
Diversion 0,2 0,3 0,5 0,32 0,07 0,00 0%
Reservoir 0,18 0,2 0,5 0,26 0,07 0,00 0%
Waterways 14,8 17,4 24,5 18,31 2,11 4,45 28 %
Power station (civil works) 3,5 4 53 4,20 0,43 0,19 1%
Mechanical equipment 12 13 14,5 13,10 0,54 0,30 2%
Electric equipment 6 6,9 7,5 6,84 0,33 0,11 1%
Roads 4 4,5 6,5 4,80 0,54 0,30 2%
Transmission lines 3 35 4,5 3,60 0,33 0,11 1%
Buildings 0,5 1 1,5 1,00 0,22 0,05 0%
Mitigation measures 0,4 0,5 1 0,58 0,13 0,02 0%
Sum 53,01 2,35 5,51 35 %
Overhead cost
Planning and administration 3,7 4,5 9,2 5,29 1,20 1,43 9%
Taxes 0,3 0,5 0,8 0,52 0,11 0,01 0%
Compensation 0,5 1 3 1,30 0,54 0,30 2%
Finance 2,5 3,2 4,6 3,34 0,46 0,21 1%
Sum 10,45 1,39 1,95 12 %
Operational cost
Operation 0,278 0,368 0,413 0,36 0,03 0,00 0%
Maintenance 0,015 0,022 0,038 0,02 0,01 0,00 0 %
Sum 0,38 0,03 0,00 0%
Overall factors that influence costs
Politically related 0,96 1 1,1 1,01 0,03 0,00
Geographically related 0,98 1 1,03] 1,00 0,01 0,00
Product related 0,97 1 1,05] 1,00 0,02 0,00
Organization related 0,97 1 1,06 1,01 0,02 0,00
Present value
Factor for calculating PV | 12| 13,33] 15] 13,40 0,65 0,43
Total cost ex overall factors
Total investment cost ex overall factors 63,47 2,73 7,46
PV of operation and maintenance ex overall factors 5,13 0,47 0,22 1%
Sum 68,59 2,77 7,68
Cost of overall influence factors
Politically related 0,83 2,09 4,37 28 %
Geographically related 0,14 0,75 0,56 4%
Product related 0,28 1,19 1,43 9%
Organization related 0,42 1,34 1,80 11 %
Sum 1,66 2,86 8,15 51 %
Total cost, overall influence factors included
Total cost 70,26 3,98 15,83 100 %
Annual income from power production
Annual power production (kWh) 35 39,2 43 39,12 1,74 3,02
Power price (value/kWh) 0,18 0,2 0,27 0,21 0,02 0,00
Annual income from power production 8,22 0,85 0,72
Annual income from other sources
Other income (annual value) | 0,05| 0,07| 0,1] 0,07 0,01 0,00
Present value of power production
Annual power production 4,90 23,97 15%
Power price 10,26 105,17 67 %
Factor for calculating PV, infuence on income from power revenue 5,36 28,73 18 %
Present value of power production 110,12 12,56 157,87 100 %
Present value of income from other sources
Other income 0,15 0,02 0%
Factor for calculating PV, influence on revenue from other sources 0,05 0,00 0 %
Present value of income from other sources 0,96 0,15 0,02 0 %
Present value of total income
Present value of total income 111,09 12,57 157,89 100 %
Net present value of project 24
Present value of income 111,09 12,57 157,89 91 %
Present value of cost 70,26 3,98 15,83 9%



App 2.2 Spread Sheet Diagram - S-Curve Project Value

Cumulative distribution of net project value

110%

100%

90%

80%

70%

60%

50%

40%

30%

Probability that project value is lower (percent)

20%

10%

0%
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00

Net project value
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App. 2.3 Spread Sheet Diagram - Cost Uncertainty

Relative cost uncertainty split on the different items

Finance [ 1%
Compensation [T 204

Taxes | 0%
Planning and administration I 199
Organization related ‘ 111%
Product related 199

Geographically related [T 49
Politically related 128%

PV of operation and maintenance ex overall factors [ 1%
Mitigation measures ] 0%
Buildings [ 0%
Transmission lines [H 1%
Roads [ 2%
Electric equipment 7|:| 1%
Mechanical equipment 7:| 2%
Power station (civil works) [ 1%

Waterways 128%

Reservoir | 0%

Diversion | 0%

0% 5% 10% 15% 20% 25% 30%

Percent of total uncertainty (variance of cost item/total variance of cost items)
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App. 2.4 Spread sheet diagram Income uncertainty

Relative income uncertainty split on the different items

Factor for calculating PV, influence on 0%
0
revenue from other sources

Other income | 0%

Factor for calculating PV, infuence on 18%
income from power revenue ?
Power price _ o7

Annual power production 15%

0% 10% 20% 30% 40% 50% 60% 70%

Percent of total uncertainty (variance of income item/total variance of income items)
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Appendix 3

App. 3.1 Definitive Scenario Calculation ( Monte-Carlo Simulation )

MAIN STRUCTURE

Overall project profit

N o ® W

Sum civil, mechanim\dﬁum overhead Annual operational Annual income

Surm F F

Dwverall influence ... Dizcount facto
% %

Total investmm\@'{resem walue of ... Total project income

Total project cost

S-Cury

Project profit S-Curve

Histogram Wertical Bar Mean ..
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App. 3.2 Definitive Scenario Calculation ( Monte-Carlo Simulation )

SUB STRUCTURE

Overhead cost

Flarning and admin... Compensation

Finance D.C.

Sum overhead

Operational cost

Operation Maintenance

Annal operational

Overall influence factors

Politically relate Geographically rel... Product related (rganization related

Overal influence ...
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Civil, mechanical and electromechanical cost

)

Paower station, civ... Mechanical equipme... Electric equipment... Roads Tranzmizsion lines

SO
R O T '

W aterways

Buildings

Diversions Iitigation measures

Yertical Bar Mean ... Horizontal Bar Mea... Sum civil, mechari...
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App. 3.3 Definitive Scenario Calculation ( Monte-Carlo Simulation )

EXAMPLE NODE INPUT

Edit Node
M ode Marme: Unit Type: ImiII NOE. j

Mode valueis: ©© known % Uncertain Mode Dutput: & From node walue only

i~ From node inputs anly
Characterize the Uncertainty: £ From both
Logrormal j

From node value only
e rid High Choose this option if the output walue of this

Ararige: _14.8 |1£4 |_24_5 node iz haged only on the node walue that iz set

within it ot the left side of this dialog box. Ho
innputs from other nodes are used to create the
The outcome of a [ Ot

lognommal distribution is i
a positive maber To =
nuze it, etiter low, middle,

atid high walues. The
progratm will use these
walues to create a
distribution cutve that is
asynunetric. Mote that

Hha mra el avtased Aaat

Details. .. | k. I Cancel
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App. 3.4 Definitive Scenario Calculation ( Monte-Carlo Simulation )

SUMMARY OF INPUT

Name

Reservoirs
Diversions
Waterways

Power station, civil works
Mech. equipM. in power station

Roads

Transmission lines
Buildings
Mitigation measures

Sum civ, mech. and electr
Electric equipm. in power station
Planning and administration

Taxes

Compensation
Finance D.C.

Sum overhead
Maintenance
Operation

Annual operational
Politically related
Geographically related
Product related
Organization related
Overall influence factor
Power price

Annual power production

Other income
Annual income

Annual production value

Unit

mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill.NOK

NOK/kWh
GWh

mill NOK
mill NOK

Sum civ., mech. and electrmill NOK

Sum overhead

Annual operational
Overall influence factor
Annual income

Sum

Tota investment cost
Discount factor

Present value of operational cost

Total project cost
Total project income
Project profit

mill NOK
mill.NOK

mill NOK
mill NOK
mill NOK

mill NOK
mill NOK
mill NOK
mill NOK
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Distribution Node value
LOGNORMAL( 0.18; 0.20; 0.50)
LOGNORMAL( 0.20; 0.30; 0.50)
LOGNORMAL ( 14.80; 17.40; 24.50)
LOGNORMAL( 3.50; 4.00; 5.50)
LOGNORMAL( 12.00; 13.00; 14.50)
LOGNORMAL( 4.00; 4.50; 6.50)
LOGNORMAL( 3.00; 3.50; 4.50)
NORMAL( 0.50; 1.00; 1.50)
LOGNORMAL( 0.40; 0.50; 1.00)

1.00
LOGNORMAL( 6.00; 6.90; 7.50)
LOGNORMAL( 3.70; 4.50; 9.20)
LOGNORMAL( 0.30; 0.50; 0.80)
LOGNORMAL( 0.50; 1.00; 3.00)
LOGNORMAL( 2.50; 3.20; 4.60)

1.00
LOGNORMAL( 0.01; 0.02; 0.04)
LOGNORMAL( 0.28; 0.37; 0.41)

1.00
LOGNORMAL( 0.96; 1.00; 1.10)
LOGNORMAL( 0.98; 1.00; 1.03)
LOGNORMAL( 0.97; 1.00; 1.05)
LOGNORMAL( 0.97; 1.00; 1.06)

1.00
LOGNORMAL( 0.18; 0.20; 0.27)
NORMAL( 35.00; 39.20; 43.00)
LOGNORMAL( 0.05; 0.07; 0.10)

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
LOGNORMAL( 12.00; 13.33; 15.00)

1.00

1.00

1.00

1.00



App. 3.5 Definitive Scenario Calculation ( Monte-Carlo Simulation )

RESULTS: BASIC STATISTICS

Name

Project profit

Total project income

Total project cost

Present value of operational cost
Discount factor

Total investment cost

Sum

Annual income

Annual production value

Other income

Annual power production
Power price

Overall influence factor
Organization related

Product related

Geographically related
Politically related

Annual operational

Operation

Maintenance

Sum overhead

Finance D.C.

Compensation

Taxes

Planning and administration
Sum civil, mechanical and electrical
Electric equipment in power station
Mitigation measures

Buildings

Transmission lines

Roads

Mechanical equipment in power station
Power station, civil works
Waterways

Diversions

Reservoirs

Unit

mill NOK
mill NOK
mill NOK
mill NOK

mill NOK
mill NOK
mill NOK
mill NOK

GWh
NOK/kWh

mill.NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
mill NOK
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Mean Std. Dev.
4115 23.38
113.79 22.17
72.64 7.06
507 0.88
13.40 1.16
6757 7.04
65.13 4.74
849  1.49
842 149
0.07 002
39.08 311
022 003
1.04 0.08
1.01 0.03
1.01 0.03
1.00 0.02
1.02 0.05
038  0.06
035 006
0.02 001
11.12 253
344 084
147 114
053 022
569 2.08
54.01 4.02
6.81 0.59
063 023
101 0.39
366 059
496 094
13.15 0.96
432 076
18.85 3.59
033 012
028 012

Min.

-28.01
54.88
53.57
2.76
10.07
47.51
53.01
4.32
4.22
0.03
28.30
0.12
0.82
0.90
0.91
0.94
0.85
0.23
021
0.01
5.54
1.49
0.08
0.14
1.59
42.16
4.99
0.17
-0.32
222
2.38
10.45
2.39
8.14
0.08
0.07

M ax.

142.76
217.75
103.32
9.81
17.83
97.79
86.06
14.94
14.87
0.20
49.78
0.37
1.39
114
111
1.07
1.22
0.66
0.63
0.09
27.48
7.00
9.98
2.40
21.20
73.30
8.75
2.06
2.33
6.32
10.62
16.74
8.13
37.59
1.36
1.06



App. 3.6 Definitive Scenario Calculation ( Monte-Carlo Simulation )

S-CURVE PROFIT /TOTAL COST /INVESTMENT

-40 -20 1] 20 40 B0 a0 100 120 140 160 180 200 220

= = == Project profit
Total project cost
.- Total project income
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App.3.7 Definitive Scenario Calculation ( Monte-Carlo Simulation )

COST UNCERTAINTY

Horizontal Bar Mean +/- StDev

bitigation measures

e
Buildings1
Transmission lines T i
Ruads-- i

Electric eguipment in power station 1 i

bechanical equipment in power station 1 i

Power station, civil works 1 i
waterways1 o

Fesersoirs

Diversions 1

012345678 9101213901516 718152021 2223

B  tMean-StDev Normal
B tean+StDev Normal
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App. 3.8 Definitive Scenario Calculation ( Monte-Carlo Simulation )

COST / PROFIT UNCERTAINTY

Vertical Bar Mean +/- StDev

1407]
12071
1007

G071

401

2071

Total project cost Froject profit Total project income

B tean-StDey Momal
B tiean+StDey Momal
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App. 3.9 Definitive Scenario Calculation ( Monte-Carlo Simulation )

HISTOGRAM COST /INCOME / PROFIT

4074

30T

2077

1077

G%'

Histogram

A

0 20 40 g0 30 100 120 140 160 180 200

[] Total project cost
Bl Total project income
Froject profit
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